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ABSTRACT

Continuing trend towards deregulation and unbundling of transmission services
has resulted in the need to assess what the impact of a particular generator or load is on
the power system. A new method of tracing the flow of electricity in meshed electrical
networks is proposed which may be applied to both real and reactive power flows. The
method allows assessment of how much the real and reactive power output from a
particular station goes to a particular load. It is also allows the assessment of
contribution of individual generators or loads to individual line flows. A loss-
apportioning algorithm has also been introduced which allows the breakdown of the
total transmission loss into components to be allocated to individual loads or generators.
The method can be useful in providing additional insight into power system operation
and can be used to modify existing tariff of charging for transmission loss, reactive

power and transmission services [2].



ACKNOWLEDGEMENTS

First and foremost, I would like to express my deepest gratitude to my
supervisors, Professor Dr. Ramiah Jegatheesan and Dr. Nursyarizal Bin Mohd Nor, for

Their continuous supports, guidance, encouragement and concerns throughout the whole

process of making this thesis possible.

I also would like to express greatest appreciation to Ms. Siti Hawa Hj. Mohd
Tahir, Lab Technologist Plant Process, Universiti Teknologi Petronas and all my
coursemate that play an important role in this project. Without their guidance and

Valuable informations, this thesis would not be completed in time.

My appreciation also goes to Universiti Teknologi PETRONAS especially
Electrical and Electronics Engineering Department, for endowing me with essential
skills to excel in theoretical and technical works. Last but not least, thanks to my friends

and family who have been supporting me throughout this Final Year Project.



TABLE OF CONTENTS

LISTIOF TABLES .o conisiiisties Sonivest by aiapaissnisiamsn st tinspstastsssasanasmsssnarsasnssssztrsenss viii
LIST OF FEIGURES.......st0rsscicsimissatssvesssonnrsiorsias toeeirmat iesssnmsase seReisissns ibsssstuiantininassvsssipins ix
CHAPTER 1 @NTRODUCTIONY.....cooreneorsnensenssirsssinmsissisnsasessiimmsasasstsnsmssssoronsissinsbiessss 1
L] Bac ke O S I e ot aes sresnsemo s ceeiatzantesmasnensma HixasaseHEhess TaCta 1

1.2 Problem SEAEMENE . .. vasiniemssiissessss msiistamsianceissnsotiisassssiossassasssasorarerisois 2

1.3 Objective & Scope of STUAIES ...ccviivuriiesmseisnmrininiccscisisisisiistisiasissisasinsseeasaes 2
CHAPTER 2 (LITERATURE REVIEW)......ooviiirtrircnincsissnessnsssinisessisessssssasensssassessases 3
2.1 TREOTY 1ecucuenemreecsassensasessnsssssssssssnssssrensrsessusassesasssassonsesassasasusessrsasasessarsonsessassssessnses 3
2.1.1 Tracing Electricity using Power FIow AnGLysis .........ooinieiiininnicninnncnns 4

2.1.2 Power Flow Tracing using Average Line FIOW................coueveerinincnnnn. 5

2.1.3 Tracing Electricity using Gross Flow ANGLySis .........ocovovueciiicccncnennnns 6

1.4 Toss Allocarion AIGOTIIRM....c.....iocsinessisisevinivesscsssrsstastaaiabennisensasssbbsasss 8
CHAPTER 3 (METH O DO O G Y ) e e e entreanssas= insasssesussnissse sassngssanssninsecnssasnin 10
3.1 MethodOlOGY ..cccmiimuecinicisiismisenssmmesinsssissersssssinaissonassonasssisssusontnsssssansnsossmasass 10
3.1.1 Average Line Flow AIGOTIIIN ... s - risvivisonsisyisaisssnososteimasaasniie 12

3.1.2 Gross FIow AIGOTITRAM ..............oooueeeeeeeeeeeeeceeeeeeeeaeeeeeeesaesessesssssasssssssas 16

Vi



3.1.3 Loss Allocation AIGOTITAM ............c.oeeoeeeeeeeeeieeeenieeeeeeeeeeeeeee e 18

CHAPTER 4 (RESULTS & DISCUSSION..ciiusssincasnersssesvsssrsetncssssvssssnssasssessiinsisassis 20
4.1 Results & DISCUSEIONE ... ovismis i seiisinmsivrmsissssmiissiimmssmsssses i ssvasssshsonns 20
4.1.1 Average Line Flow AIZOVIIAM ..........ccouiviiiviiiiiiiiiiiniiiiiiisiise s 20

4.1.2 Gross FIOW AIGOFIIAM ..........coueueeeeeeeeeeeeeeeeeeeceeee e 23

4:1.3: Loss Allocation AIgorithm ... ...oiusisssmimssasismrisimiimossimvioii 25
CHAPTER 5 (CONCLUSION & RECOMMENDATION) ...vooviticeceeeceeeceeeeeeee s 34
5.1 Conclusion & Recommendation ...........ccoueeicienieieeiineeeseeaeceeseeseceseeseesaens 34
REFPEREMNCES. cvivcisitrsssaecusssysssmisionsossndisininssinsvsnsins o sbshasarsassastinr it il ceidnn s i et e 36
APPENIIICES i osisiessasssinmsseossusmssas sisesssssssivesianeisssstysamins aesdatoins 63800 nat s hacs 9 e avebi oas e s 38
APPENDIX A\ ccissemsniiisiessiassaasismsutessasiansssesssissiasisniss sessaiavim s aossms srssss ey aarensss 39
APPENDIX B ...ooctioiiiricietieresraestssesasstssaessssserassssssessessassessasssssssssssssssassasnssessesssssens 44
APPENDIX C.....covtiiieiieereresesssessesessssessassessssssessessessessessessasssssassessessessessassessassenses 46

vii



LIST OF FIGURES

Figure 1: Proportional sharing prinCiple ..ot s e e e -
Figure 2: AC power flow in four-nodes NetWOork.........cco.eeveueueeeeceeeeeeeieeeeseseeesseessseesennnns 5
Figure 3: LosslessOWEE ThOW ceic.ciisiisssissivsssisssomscsintasansisisssniosaresmesmssasaosssassessossasnssebatsas 6
FIRHIe 42 GIoss DOWEL TIOW ..o ot i i i s e A1 (s s sha b acsmei s mencanss 7
Figiite 5; Balance:gross POWEE TIOW:, . csansmiminm o i s s st 8
Figare 6 Methodo)ofy floOW GIBETANN ....couuuiusiusimmensiinesipssuissassssis s amassss 11
Figure 7: MATLAB results for average power flow ........ccccoeivieeininicieiresiesceeeecseevnee, 21
Figure 8: MATLAB results for gross fIow ..o 23
Figure 9: MATLAB result for Loss Allocation algorithm...........cccccoooiiiiiiiicicinnnnnnnn.. 26
Figure 10: MATLAB M-file flow chart process..........ccoeciuerininicceieniicecnsiiseeeenena, 29
Figure 11: Input data in M-file (4 bus system) ........ccccceevvinineneeereneseesnerreereneeseeeseseenes 28
Figure 12: Loss Allocation algorithm in M-file (4 bus system) .......c.covevevrevveveeesreenennn. 29
Figure 13: Loss Allocation algorithm FIOW............ccsusssssssmstossessnsansmescossssissvansssssvesaies 30
Figure 14: Steps to run the program and the reSUlts ...........c.ovoveveeeemciresecsiessiessissesaenans 31



CHAPTER 1

INTRODUCTION

1.1 Background of study

The mesh structure of high-voltage transmission networks provides a large
number of possible routes by which electrical power can flow from the source
(generators) to the sinks (loads). Tracing the connections using the load flow program is
not possible as changing a demand or generation at any node would result in
corresponding change of generation coming from the marginal (swing) plant. Hence, the
conventional wisdom is that with an integrated system it is not possible to trace
electricity from a particular generator to a particular supplier. It is only possible to
determine relation between the generators (or loads) and the flow in transmission lines
by means of sensitivity analysis, that is by determining how a change in a nodal

generation/demand influences the flow in a particular line [2].

Recently, the question of tracing electricity was of a limited interest. The
electrical supply industry tended to be integrated vertically almost everywhere and
power exchanges between utilities were determined by contracts. Since the 1980’s,
however, the increased deregulation of the industry is almost every corner of the world
has posed many new question to electrical engineers. It is widely recognised that the
proper regulatory framework of the transmission is of a vital importance as the market
power through control of transmission is the single greatest impediment to competition
[2]. In this context, the problem of tracing electricity gains importance as its solution

could enhance the transparency in the operation of the transmission system.



1.2 Problem statement

Long transmission lines are required to transmit power from remote generation
sites to the population centers. The stability of the transmission system depends on the
power flows through the transmission line, but load at the buses never static and always
changes, either increasing or decreasing according to the system requirement [3].
Electrical loads both generate and absorb reactive power. They are inductive in nature
and consumed a lot of reactive power from the transmission lines. Hence there is voltage
drop on the line. So, it is clear that there will be the sending end and the receiving end

voltages magnitude variation, as well as phase difference, is created.

Therefore it is important to trace the flow of electricity (Real and Reactive
Power) in the power networks. The method that we shall use for the power tracing in
meshed electrical network, allows the assessment of how much of real and reactive
power output from a particular station goes to a particular load. Through this we can
modify the existing tariffs of charging for transmission loss, reactive power and

transmission services into the power networks.

1.3 Objective and scope of studies

Since there are many methods have been presented, the study is on one of the
method to allocate the transmission loss to loads and generators. In this case, loss
allocation method has been chosen and its algorithm will be used to be tested to prove it
whether this method is efficient and practical enough for real time application or not.
However, the test will be conducted by using MATLAB program. It is impracticable to

test it at the grid since it will interrupt the system for the customers and will cost losses

in millions of dollars even for short time.

[$9]



CHAPTER 2

LITERATURE REVIEW

2.1 Theory

The purposed electricity tracing method is topological in nature that is it deals
with a general transportation problem of how the flows are distributed in a meshed
network. An assumption is made in order to make it easy to trace the problem. The
network is assumed to be connected and describe by a set of n does, m directed links
(transmission lines or transformers), 2m flows (at both end of each link) and a number of

sources (generators) and sinks (loads) connected to the nodes [2].

Practically, the only requirement for the input data is that Kirchhoff’s Current
Law must be satisfied for all the nodes in the network. The method is applicable to real
and reactive power flows and direct current. Neglecting the Kirchhoff’s Voltage Law

has been already used to obtain the flows [2].

The main principle used to trace the flow of electricity will be that of
proportional sharing. To be more specific, the total power flow through nodes inflow
will always be equal to outflows. It is also to be assumed that the network node is a
perfect mixer of incoming flows so that it is impossible to tell which particular inflowing
electron goes into which particular outgoing line. This is to agree with common sense

that electricity is indistinguishable [2].



2.1.1 Tracing Electricity using Power Flow Tracing

As mentioned in the main theory, the basic principle used to trace the flow of
electricity in the transmission network is the proportional sharing. The principle
basically amounts to assuming that any network node is a perfect mixer of incoming
flows. Proportional sharing principle is fair as it treats all the incoming and out-flowing
in the same way without any discrimination [2]. Let consider a node showed in Figure 1
where four lines are connected to node i, two with inflows and two with outflows.

Jj e

m

40 MW 70 MW

£ = 30 MW
k
60 MW

Figure 1: Proportional sharing principle

The total power associated with the node i, P; is the sum of inflow or outflow in
node i. Thus P; is 100 MW of which 40% is supplied by the line j —i and 60% by

line k — i.

It is to be assumed that each MW leaving the node contains the same proportion

of inflows to the total node power. Hence, the 70 MW outflows in line i — m consist of
70 x40/,109 =28 MW supplied by the line j—i and 70 x 60/, 0 = 42 MW

supplied by the line k — i. Similarly, the 30 MW outflows in the line i — [ consist of



30 x #0/100 =12 MW supplied by the line j—i and 30x 60/, =18 MW
supplied by the line k — i.

2.1.2 Power Flow Tracing using Average Line Flows

Tracing electricity can be seen as transportation problem of determining how the
power injected by the generators is distributed between lines and loads of the network.
The algorithm discussed below is applicable only on lossless network wherein power
flows at the beginning and end of each transmission line are equal. The simplest way of
obtaining lossless flows from the lousy ones is by assuming that a line flow is an
average over the sending-end and receiving-end flows and by adding half of the line loss
as load at each terminal node of the line [2]. Consider an example from Figure 2. The
power flow results are marked in the figure. A number on the top or the left of a line
indicates a real power flow, while a number below or to the right of the line indicates a

reactive power flow.

7 iy
300 | 100 200 | 80
@ ] 82 83 [i @
<

40 24

Figure 2: AC power flow in four-node network



Using a real power flow, an average of the loss is calculated in each of every line in the
power networks. Figure 3 shows a lossless real power flow obtained from the average

power from Figure 2.

Ls Ly

® —

22154

Figure 3: Lossless power flow

The algorithm for tracing the flow of electricity will be derived into 2 parts. The
upstream algorithm will look at the balance of nodal inflows while the downstream

algorithm will look at the balance of nodal outflows.
2.1.3 Tracing Electricity using Gross Flows
An interesting version of electricity tracing method which is obtained by
assuming that the system is fed with actual generation and no power is lost in the
network. This will require then modifying the nodal demands but will leave the nodal

generations unchange [2]. Let’s take the Figure 1 as an example:

To understand it further, let takes an example:



Consider the line 2 — 4 which carries 173 MW at the sending end and 171 MW at the
receiving end. The line loss of 2 MW can be added to the receiving end flow to give a
gross line flow of 173 MW so that the modified flow at both end are the same. The same

method is applied to all lines at the busses as shown if Figure 4.

Z; Ly

®

2254

400 113 # 114

Figure 4: Gross power flow

As the result above gives unequal value to the actual power from generator 2
thus, the resultant power flows will not satisfy the Kirchhoff’s Current Law. Do not
forget that the method used in gross flows analysis is by assuming that the system is fed
with actual generation and no power loss in the network [2]. To understand this
further, again consider line 2 — 4. The 173MW at the sending end is not the “true’ gross
flow as IMW out of power reaching node 2 had already been lost in line 1 — 2. Hence
the true gross flow in line 2 —4 is not 173MW but 173MW + IMW = 174MW. A
question has arise why does we need to add 1 at line 2 — 4 and not the line 1 — 2. The
answer is the only bus that does not follow the Kirchhoff Current Law is bus 2 where the

total power inflow is not equal to outflows. Thus, it is necessary to add 1 MW at bus two



to give a balance power. It can be choose to add the 1 MW to line impedance 2 — 4 or

line impedance 1 — 2. The power flow analysis then can be simplified as Figure 5.

308 & L3 206 & Ls

Figure 5: Balance gross power flow

Once the gross power flow satisfy Kirchhoff’s Current Law and is calculated, it
is then straight forward to apply the electricity tracing method. Take note that this

method also require upstream and downstream algorithm.

2.1.4 Loss Allocation Algorithm

Another variation of the loss allocation method presented in gross flow analysis
can be developed which use explicitly line losses in its formulation and introduces a
concept of nodal losses. The resulting algorithm is a generalisation of the loss allocation
method applicable only to radial distribution networks [2]. This method is an adaptation
from the gross flow analysis where the theory is the same. However, the difference is
that loss allocation applying calculation on the power loss in the transmission line and

can only find the loss at the loads in the networks. The advantage of this approach is that



it gives additional insight into the electricity tracing algorithm and it allows modifying

the loss sharing formulas.



CHAPTER 3

METHODOLOGY

3.1 Methodology

Using the loss allocation method, the algorithm of this method will be
implemented. Since it is impracticable to test it at the grid since it will interrupt the
system for the customers and will cost losses in millions of dollars even for short time, a
simulation for this test is necessary. The test will be conducted using MATLAB
software. However, a further study on this method is necessary to understand its
algorithm and advantages. Recently, many methods have been purposed on the internet
and it is a best approach to read the report from the researcher from all over the world.
The power system text book is also necessary in order to give more understanding on the
algorithm regarding to the method studied because the report from the researchers
mostly an advance algorithm. It is a good start to make the text book as the reference
since it will show the basic of the power tracing algorithm. With this, it will be easy to

understand the algorithm used in the method mentioned.

Using the MATLAB simulation, the network will be created to test the method.
Either it is a simple network or complex network it will be tested base on the method
mentioned by using MATLAB. The values of the power transferred to the network and
power received will be random yet rational. The coding to write an algorithm for
MATLAB will be referred to MATLAB text book. The end result will be show either to
the value of the power loss calculated or the graph from the coding. The methodology

flow chart will be shown in Figure 6 to give an overall view of the project.
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Figure 6: Methodology flow diagram



3.1.1 Average Line Flow Algorithm

Upstream-looking Algorithm:

Let there be n nodes in the network. In the upstream-looking algorithm the
power inflows in the line connected at a node are considered. In node i, P;_; is the power
that flows from node j to node i. Considering the inflows, node power P; can be written
as:

P!- = PGi + z Pj—i (1)

JE@iu

where aiu is the set of nodes supplying power directly to the node i. Here P; = c;;P;

where,
ey
Civ =
Jji Pj (2)
Substituting eq. (2) into eq. (1) yield
P=Pu+ ) P 3)
JEaiu

On arrangement
Pr— z ¢ji P = Pg; (4)

JEaiu

The above equation can be written in matrix form as

12



Pl PGI
a,|"2| = |Fe ©)
Pn PGn

Where A, is the (n X n) upstream distribution matrix. The (i,)) element of A, is given

1 fori=j
Fi=i o .
Auly =y =i == forj € aiu (6)
0 otherwise
Py Pe1
Po| = (g | Fe2 ™
Py Pgn

Individual node powers can be written as

P = Z[Aﬂllik Pgy (8)
k=1

Note that the above node power P; is also equal to the sum of load demand P;; and the

outflows in the lines connected to node i. Thus,

Pi — PLi + Z P“ (9)

leaid

where aid is the set of nodes receiving power from node i. The outflow power P;_; can

be calculated using proportional sharing principle as

13



Pi_
Pi—l - Tlipl (10)

Using Eq. (8)

n
P
Py = %Z[A?]Pak (11)
b=

Eq. 11 allows one to determine how line flows are supplied from individual
generators. Further, it is to be noted that (P" = P,-) [A7 ik Pgr will give the contribution

of the k™" generator for the outflow power P;_;.
Similar to the outflow power, the load demand P;; can also be calculated using
proportional sharing principle as

P,
P, = %p,. (12)
¢

Using eq. (8)

n
P _
P, = ?'Z[Aullik P (13)
b k=1

it is noted that (P“/ Pi) [A3* )ik Pgr will give the contribution of the k™" generator for

the load power Py;.

The upstream-looking algorithm is not applied to the network shown in Figure 3.
Matrix A, is constructed first where i varies from 1 to 4 and j should cover the nodes

supplying power directly to node i. Table 1 below shows the j values for different values

of i.



Table 1: j values for different values of i

i |jvalues
T ==
2 |
1,4
4 1,2
P 59.5
A,(21) = - ;12 = —35.5 = —0-1508
P, 221.5
4,31) = - ;13 = —3945 = ~0.5615
P,_ 82.5
A,(34) = — ‘;43 = — === —0.2890
Py 1135
A,(41) = — e —0.2877
_ 172
Ay (42) = - ;24 =T =1
Thus
1 0 0 0
_|-01508 1 o0 0
Ady=] 05615 © 1 —0:2890]/ndhence
-0.2877 -1 0 1
1 0 0 0
[A —1] — 10.1508 1 0 0
u 0.6882 0.2890 1  0.2890
0.4385 1 0 1

Using

15



P =Pt a1 p
[}

Contribution of generators for the outflow power can be calculated. The result will be

discussed in Chapter 4.
3.1.2 Gross Flow Algorithm

Upstream-looking Algorithm:

By using an assumption of proportional sharing, the algorithm of gross flow can

be written as
P(gross)
ﬁ(QTOSS) o .—.;(;‘mss) e'(grass) or [Au]%ross =F (15)
anE") ]

where Fyro5s . is the unknown vector of gross nodal flows and [A4,] is the upstream

distribution matrix calculated from the actual not modified flows.

Once gross nodal flow has been determined, the gross line flows and gross
demand can also be founding using the proportional sharing principle. The gross flow in

linei —[is:

While the gross demand can be calculated as
n
Py =
P, = "P—_[Z[Aullij Pex (16)
: k=1

The equation is important as it shows what would be load demand at a given node if a

lossless network was fed with the actual generation.



Table 2: j values for different values of i

i | jvalues
(T (e
2 1
3 1,4
= 1,2
1(9;055) 60
Au(21) = - P;ra:;s = ~ 200 = —0.1500
1
(gross) 225
A1) = - ;;}?'oss = ~ 200 = —0.5625
1
(gross) 83
Au(3'4) =5 ;;?"oss = 289 = —0.2872
4
(gross) 115
4,8 =~ = == —0.2875
: pITos 400
(gross) 174
AU(4’2) = ;;:055 S5 174 = —0.1000
2
Thus
1 0 0 0
_ {—0.1500 1 0 0 y
Au - _05625 0 1 —0.2872 And hence
-0.2875 -1 0 1
1 0 0 0
Y 0.6882 0.2872 1 0.2872
0.4375 1 0 :

The result will be discussed in Chapter 4



3.1.3 Loss allocation algorithm

The advantage of this approach is that it gives additional insight into the
electricity tracing algorithm presented in gross flow analysis. Consider again the gross

nodal power

Pi{grossj =P + Aiz,i(_gross) (17)

where API.(u) is an unknown upstream nodal loss. Now consider Pi(gmss) = Pj(_‘%mss) in

=}
line j — i supplying node L. Pi(_gfoss) > P;_; because some of the loss incurred in other

lines supplying line j — i is passed over to that line. This can be expressed as

= |P_;| + aP_; + P (18)

(gross)
IPi-j ()

AP;_j is the transmission loss in line j — i

It is necessary to assume a principle on which the nodal loss in the upstream

breaks down into component M}(_ui). The only requirement which must be met is that the

sum of individual component must give the nodal loss, that is AI}(”) = Eiea;( B AF}(_ui) +

AP, ; where AP, is the component allocated in the j th 1oad [2]. This can be express as

w _ 1P=il P,
APj_i—~————Pj API. & APLj—?jAF} (19)

Equation (17) can be written as

18



j
P+ARY = ) (IPi-,-I + AP+ %ﬂﬂﬁ-‘”’) + Py, (20)
angu) 4

4

Equation (18) can be simplifies to

P
AP® — Z lij‘lA;}(“)= Z AP (21)

(u) (w)

Jea; J€q;

or
A AP = Ap™

node line

(19) can be written in matrix form as

(w) (w)

APnode(l) P!ine(l)
(u) (w)

APnar;ie(z) = [Au]—l Pline(z) (22)
W) )

A‘Pm)ae(n) Pline(n)

A, is the previously defined upstream distribution matrix and APTE::;E = Fgross — P is the

P(u)

vector of unknown upstream nodal losses and AP, is the vector which i*" clement is

equal to the sum of losses in all the lines supplying directly to node i. Solving equation

p

node

transmission loss to the individual loads is obtained from the equation (18).

(20) will gives the unknown vector A and the final allocation of the total



CHAPTER 4

RESULT AND DISCUSSION

4.1 Results and Discussion

Before going on further onto the results, there are 5 results obtained by applying
the methods mentioned in chapter 3 with subtopics of 3.1.1 and 3.1.2. These results can
be used in the future for different approach. Since this project falls under the Loss
Allocation Algorithm, this method is the primary method to be tested and implies to the

title of this project.

Regarding to Loss Allocation Algorithm tests, it will be for the Small System
Network (4-bus systems) and Complex System Network (14-bus systems). This test is
conducted by using the data given by IEEE for 4 bus systems and 14 bus systems. The
Newton Raphson method needs to be applied in this case and the results of line to line
data is used to be applied on Loss Allocation Algorithm. Then the total power loss

computed in Newton Raphson Method and Loss Allocation Algorithm is compared.

4.1.1 Average Line Flow Algorithm

The hand calculation is approximately equal to the result obtained from
MATLAB. The only work to be completed is to apply some coding in MATLAB to
perform calculation to calculate how much the incoming power flow from one bus to
another bus and how much the outgoing power flow from one bus to another bus. The

result obtained from MATLAB is shown in Figure 7:



Vv
v
=
i n

[ 1000; -0.1508 1 0 0; -0.5615 0 1 -0.2890; -0.2877 -1 0 1 ];
inv (A)

1.0000 0 0 0
0.1508 1.0000 0 0
0.6882 0.2890 1.0000 0.2890
0.4385 1.0000 0 1.0000

394.5; 172; 0; 0 1:

394.5000
231.4906
321.2134
344.9882

>>

Figure 7: MATLAB results for average power flow

Table 3: Power distributed from Pg; and Pg, to the lines (Average power flow)

];(;::Li [;l-l‘l:: From Pg; From Pg;,

5950 (1-2 359155 X 1x 394.5 = 59.50 35;;55 Xx0x1125=0

221.50 [ 1-3 ‘;312 X 1 X 394.5 = 221.50 2312 % 0% 1125 =0
113.50 | 1-4 ;;z;’ X 1% 394.5 = 113.50 ;;ig X0X1125=0
171.99 |24 1—;;21 % 0.1508 X 394.5 = 59.49 %—;; x1x112.5 = 112.50-
825 |[4-3 2855'_55 x 0.4385 x 394.5 = 49.99 28825'.55 x 1.112:5=32/51

21




Using
P Li -1

Fi[Au ]m Pgx

Contribution of generators to meet the load powers can be calculated. The result is

shown in Table 4 below:

Table 4: Power distributed from Pg; and P, to the loads (Average power flow)

Total
Load From Pg, From Pg, Load
Power
Ls 304 06882 x 3945 = 27149 | oo » 0.289 x 1125 = 32.51 | 304
304 304 ' :
Ls 2?3‘;3_’ = X 04385 x 3945 = 123.00 | 53_5 x1x1125=7999 | 202.99
Total 394.49 1125 507

As one can see that the result obtained # result calculated by hand calculation.




4.1.2 Gross Flow Algorithm

The result shows the method can be used as its final calculation is equal with the

value done by hand calculation.

>> A =1 10 00; -0.1500/ 1 0 03 =-0.5625 0 1 =0.2933; =0.2875 =12 0 I 1;
>> A = inv(A)
A:
1.0000 0 0 0
0.1500 1.0000 0 4]
0.6908 0.2933 1.0000 0.2933
0.4375 1.0000 0 1.0000
>> B = [ 400; 114; 0; 0 1;
> A * B
ans =
400.0000
174.0000
309.7637
289.0000

Figure 8: MATLARB results for gross flow
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Using equation

n
pi—l -
Ttkz:‘l{)qu I]ikpﬂk

Table 5: Power distributed from Py and P, to the lines (Gross flow)

for all € a,'®

Totali | Line
flow - From P, From P,
60 60
60 1-2| —x0x400=0 e -
200 00 400><0><114 0
225 225
225 1-3 | — = — =
200 X 1x400 =225 200 X0x114 =0
115 1-4 115><1><4f’;00—115 115>(0><114—0
400 i 400 B
173 173
173 2—-4| —x01 400 = — =
173 X 5% 60 173 X1x114 =114
83 4-3 83)((}4375)(400—513 83x1x114—334
283" T 283 o

Using Eq. (16)

Contribution of generators to meet the load powers can be calculated. The result is

shown below:

Table 6: Power distributed from P, and Pg; to the loads (Gross flow)

Total
Load From Pz, From P, Load
Power
L, 300 300
o ; = : =), = 33. 309.
300 X 0.6908 x 400 = 276.32 300 X 0.2933 X 114 = 33.44 76
L, 200 200
— % 0. = 123. — = 80. 204.
83 X 0.4375 x 400 = 123.67 283 X 1x114 = 80.57 04.24
Total 400 114 514

As one can see that the result obtained # result calculated by hand calculation.
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4.1.3 Loss Allocation Algorithm

The result obtained is approximately equal with the method use in gross flow. As
expected that this method can also be used to trace electricity on how much the power

contributed from load 1 and load 2 to each transmission line.

0
() _ 60-59=1
AP =
line (225 - 218) 4 (33 = 82) =8
(115 -112)+ (173-171) =5

Using equation (22)
Cu) (u)
Apn ode(1) P!zna(l)
() (u)
Apnoda(") = [Au]-l ‘p!me(")
w (u')
Apnoda(n) line(n)

o= O O

0 710 0

o |lzf=| 1
0.2933||8|  [9.7598

1 s 6

For further calculation from equation above, the MATLAB calculation has been

015
piu) 0.6908 02933
0.4375 - |

performs and shown as in Figure 9.



»>»A=11000; -0.15001 0 0; -0.5625 01 -0.2933; -0.2875 -1 0 1 1;
>> A = inv (A)
A =

1.0000 0 0 0

0.1500 1.0000 0 0

0.6908 0.2933 1.0000 0.2933

0.4375 1.0000 0 1.0000

>>dP = [ 0; 1; 8; 5 ]

dpP' =
0
1
8
5
>> A * dP
ans =
0
1.0000
9.7598
6.0000
>>

Figure 9: MATLARB result for Loss Allocation algorithm

Based on the A, matrix calculated earlier in gross flow, the result of the total

transmission loss to the individual loads is computed.

Table 7: Power loss at the loads (Loss allocation)

Load Loss
L 300 X 9.76 = 9.76
3 300 76 =9,
L 200 X6 =424
¢ PA3s. A
Total loss 14
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The result show loss allocation gives equal result with average line flow and gross flow.

The Loss Allocation algorithm is chosen in this project. Bear in mind that there
will be two tests conducted which is 4 bus system and 14 bus system as simple power

network and complex power network respectively.

The previous result shows the fixed data to be calculated using the loss allocation
algorithm. To make it where people can have the data viewed and edited, the MATLAB
program must have the input data prior to the easy used program. In order to do so, the
M-file is necessity in this program. User can view and edit the input data inside the M-
file to be calculated using Loss Allocation algorithm. After viewing and editing the input
data, another M-file to calculate Loss Allocation algorithm must be introduced. The
reason separating these two files is to less the time taken in order to do the computation
using algorithm mentioned just now. Then the result is viewed by creating another M-
file specifically to view the result in MATLAB command window. The flow chart of

this process is viewed in Figure 10.

Input data matrix

Loss Allocation
algorithm

Result

Figure 10: MATLAB M-file flow chart process



Starting with 4 bus system, the input data matrix is organized in proper element
to make the coding possible for the number of bus from two to infinity. The input data in

MATLAB M-file is shown in Figure 11.

0 0 400

LAlinedata = [ 1 1 1 0
2 1 2 60 59 0 0
3 1 3 225 218 0 0
4 1 4 115 112 0 0
5 2 1 0 0 0 0
6 2 2 4} 0 114 a
7 2 3 0 0 0 0
8 2 4 173 171 0 0
9 3 1 0 0 0 0
10 g 2 0 0 0 0
1Ll 3 3 0 0 0 300
12 3 4 0 0 0 0
13 q 1 0 0 0 0
14 4 2 0 0 0 0
15 4 3 83 82 0 0
16 4 4 0 0 0 200 ]
Pline = [ 0; 1; 8; 5 ];

1fAmat %go to other mfile t execute function

Figure 11: Input data in M-file (4 bus system)

In Column 1 of the matrix, the value is not a significant to the data because the
number is representing how many rows in the matrix have. In column 2, the values are
for the bus sending end and for column 3 is bus receiving end. In column 4, the values
are receiving end real power at a particular bus and for column 5 is the real power for
sending end. Generation real power also has significant in the algorithm thus the value

for real power generation is set at column 5. Column no 6 refers to the value of real

power at the load.

Users can alter the data to be less or more bus system by looking at the ‘ni’ and

‘nj’. If wanted to add the buses, just introduce the bus of n™ element into the matrix and
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key in the data. The more data the more lines will have. Once setting all the data, the
data which is named in the form of matrix is called ‘L. Alinedata’ will be send to another
program to be calculated. The other program is called ‘IfAmat’ where the Loss
Allocation algorithm is made. The M-file for the Loss Allocation algorithm is shown in

Figure 12.

ni = LAlinedata(:,2); nj = LAlinedata(:,3); nA = max(max(ni),max(nj));
rpwi = LAlinedata(:,4); rpwj = LAlinedata(:,5); rpwgen =
LAlinedata(:,6);

rpwload = LAlinedata(:,7);

nA = max(max(ni), max(nj));

size(rpwi); reate a size of loxl

value = ans(1l); %value 16

Abus = zeros(nA,nA);

Abus = reshape(rpwi,nA,nf); %shape the matri:

Abusl = Abus{(:,1)./400; \ row and 1°° column divided by 400
Abus?2 = Abus(:,Z) o s i all row and 1 column divided t o A
Abus3 = Abus(:,3)./300; 111l row and 1 olumn divided by 300
Abus4 = Abus(:,4)./283; all row and 1*" column divided by 283
Abus = horzcat(Abusl Abusz ADUb3 AbUb4), concatenation of 4x4 matrix
Abus = Abus * -1; Qi h : I is times -1

Abus = Abus + eye(4); add 'h» rw:wlr with diagonal

Abus = inv(Abus) %taking the inverse of the result

dP = Abus * Pline taking the product of result

lossbl = 400/400 * dP(1,:) %product of total power at bus
lossb2 = 173/173 * dP(2,:) %product of total power 1
lossb3 = 300/300 * dP(3,:) duct f total p

lossbd = 200/283 * dP(4,:) %pr 11 g

Tloss = lossb4 + lossb3 %total power

Figure 12: Loss Allocation algorithm in M-file (4 bus system)

This Loss Allocation algorithm is done in few steps. From Figure 9, the value
must be defined first from the input data from Figure 8. Then after defined it, the values
need to be used in the algorithm. Since the algorithm consist of matrix (eq. 22), the
element positioning in the new matrix is reshape to be m x m matrix from the data of

column 4. After that the computation continues by summing the off diagonal element
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and diagonal element. From eq. 22, AP,E:C),E is defined and the difference in sending end

and receiving end is computed. Then the loss allocation is computed by having the

product of the two matrixes. Figure 13 shows the flow of the algorithm.

Define the input data

Matrix
positioning

Yy 4

Diagonal of ones Off Diagonal

sum

Inverse

product
A
Difference in sending &

receiving end

Y

Result

Figure 13: Loss Allocation algorithm flow



Once the data has been calculated the result shows exactly the same as the hand
calculation. To run this program, one must define the location of program folder. Figure

14 shows the steps taken to run the program to see the result.

>> %find the location of the project folder

>> addpath 'D:\4th2nd(final) sem\FYP Source Code\Projek\loss
allocation\4 bus system'

>> %run IEEE4 to make computation

>> IEEE4

lossbl

lossb2

lossb3 =

9.7597

lossbd =

4.2403

Tloss =

14
>>

Figure 14: Steps to run the program and the result

As the result tells, at the slack bus (bus 1) no loss is occurred and at bus 2, there

are IMW loss occurred during the transmission. However, at bus 3 and 4, it is clear that
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the load loss has occurred and the total of the load loss is 14 as the hand calculation

shows. Thus, the result is equal with hand calculation.

For 14 bus system, Newton Raphson method is used to find the data of line-to-
line power as mentioned in subtopic 4.1. This is because the data provided by IEEE is in
per-unit. Once obtaining the line to line data as well as the total power loss of Newton
Raphson method, the Loss Allocation is computed. The flow of the coding is the same as
4-bus system but the only difference is more input introduce in 14-bus system. If 4-bus
system can create 4 X 4 matrix which gives 16 lines of input data (still can be
computed), but 14-bus system will have to create 14 X 14 matrix which gives 196 lines
of input data. That matrix magnitude of that scale is difficult to compute by hand

calculation.

The 14 bus system data is obtained by IEEE and the coding to compute Newron
Raphson method is obtained from Power System Analysis by Hadi Saadat [5]. Since this
project want to apply Loss Allocation algorithm fully and the 14 bus system is quite long
for results, we will not go onto details on the Newton Raphson but just taking it total
power loss (active power only) to be compared to total loss of Loss Allocation

algorithm.

The result of Newton Raphson method gives:
Total loss 13.455 26977

The Loss Allocation input data for 14-bus system is shown on Appendix A:

As one can see, the more the bus numbers more lines the input data will be which
the only problem for this is coding approaches. It is due to lack of knowledge in

MATLAB syntax and difficulties in setting the condition to do the computation.
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However, the algorithm is no different from 4 bus system just that a few lines are added

in order to satisfy the 14 bus system requirement. The algorithm is as in Appendix B.

As we mentioned before, the steps is all the same and just add a few more line to satisfy
the requirement of 14 bus system. Ones can compare it with 4 bus system and can
simply put the coding is quite simple (time effective) for the processor to process the
data.

As for the results, it is quite good as the difference in power mismatch between
Newton Raphson method and Loss allocation is very small. The result would be as in
Appendix C. However, for quick reference for the result, the table below shows the

simplified results for the 14-bus system.

Table 8: Simplified result for 14-bus system

u
N Node for N=123... Aprfm)te(u) forN=1.23...
(MW)
0
0.4834
5.5254
3.0024
0.3081
0.4540
0
0
1.5157
0.4822
0.1690
0.0633
0.1598
14 1.3287
Total 13.4919

bt | |
o= ||| || & |W N =

(%]

As we can see, the total powers mismatch from Newton Rahpson’s method and

loss allocation is 13.4919 - 13.455 = 0.0369 mismatch.
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CHAPTER 5

CONCLUSION AND RECOMENDATION

5.1 Conclusion and Recomendation

The result of the 3 methods use to trace electricity has been obtained and
compare. It shows that the results obtained is approximately the same as using the
different algorithm to compute the power that has been contributed at generation one and
generation two to every transmission line as well as it also can be obtained from load
one and load two to every transmission line. This method (loss allocation) has been
confirmed can be used in tracing the electricity for the simple network (4 bus system)
and complex network (14 bus system). Using the basis of this algorithm and apply it into
MATLAB have give the loss allocation advantages in many ways over Newton
Raphson.

I. Time effective:

The computation doesn’t involves looping in MATLAB coding but it involves

built in function inside MATLAB and it has gives the boost in time computation

of the data.

[

Contribution of individual load.
The contribution of individual loads can be computed and gives more insight to

how much power loss at particular bus.
As for the disadvantages, this method requires Newton Raphson to gain the line-

to-line data because this algorithm cannot be computed in per-unit but real power. That’s

the only disadvantage it has.
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The conclusion, 1 conclude that this method gives additional insight in
identifying the contribution of individual load and generator where Newton Raphson

cannot provided.

As for the recommendation, this coding approach can still be modified to use
only the necessary data compared in this project. As we can see from the data input,
there are too many unnecessary data that contains zero variables inside it. Perhaps by

using another approach to modify the coding will help eliminate the unnecessary data.
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APPENDIX A
THE LOSS ALLOCATION INPUT DATA FOR 14-BUS SYSTEM (LAlinedata)
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Pline = [ 0;
0.08; 0.21;

1fAmat

196

4.29;
0.05 J:;

14

2.7%

2

14

19;

3.
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APPENDIX B
LOSS ALLOCATION ALGORITHM CODING FOR14-BUS SYSTEM (LfAmat)

ni = LAlinedata(:,2); nj = Lalinedata(:,3); nA = max(max(ni),max(nj));
rpwi = Lalinedata(:,4); rpwj = Lalinedata(:,5); rpwgen =
Lalinedata(:,6);

rpwload = Lalinedata(:,7);

nA = max (max(nj), max(nj)):;

size(rpwi); %create a size of 16x1 matrix

value =ans(l); %value 16

Abus = reshape (rpwi,nA,na);

Abusl Abus (:,1)./232.39;

Abus2 = Abus(:,2)./192.59;

Abus3 = Abus(:,3)./94.57;

Abus4 = Abus(:,4)./115.61;

Abus5 = Abus(:,5)./113.36;

Abus6 = Abus(:,6)./44.9;

Abus7 = Abus(:,7)./28.07;

Abus8 = Abus(:,8);

Abus9 = Abus(:,9)./44.15;

Abusl0 = Abus(:,10)./9;

Abusll = Abus (:,11).7/7.3;

Abusl2 = Abus(:,12)./7.71;

Abusl3 = Abus(:,13)./1.61;

Abusl4 = Abus(:,14)./14.9;

Abus = horzcat (Abusl,Abus2,Abus3, Abus4, Abus5, Abus6, Abus7, Abus8, Abus9, ...
Abusl10,Abusll,Abusl2,Abusl13,Abusld); %contenation of 14 columns

Abus = Abus * -1; % all the element is times -1

Abus = Abus + eye(l4); % add the result with diagonal of 1
Abus = inv(Abus); %taking the inverse of the result

dP = Abus * Pline ; % taking the product of result and data

lossbl = 232.453/232.453 * dP(1,®© %product of total power at bus 1
lossb2 = 21.7/192.59 * dP{2,® %product of total power at bus 2
lossb3 = 94.2/94.57 * dP(3,© f%product of total power at bus 3
lossb4 = 47.8/94.57 * dP(4,© S%product of total power at bus 4
lossb5 = 7.6/113.36 * dP(5,© %product of total power at bus 5
lossb6 = 11.20/44.09 * dP(6,® %product of total power at bus 6
lossb7? = 0 * dP(7,© f%product of total power at bus 7

lossb8 = 0 * dP(8,® %product of total power at bus 8

lossb9 = 29.5/44.15 * dP(9,® %product of total power at bus 9
lossbl0 = 9/9 * dP(10,© %product of total power at bus 10
lossbll = 3.5/7.3 * dP(11,@ 4product of total power at bus 11
lossbl2 = 6.1/7.71 * dP(12,® %product of total power at bus 12
lossbl3 = 13.5/19.15 * dP(13,© %product of total power at bus 13

lossbl4 = 14.9/14.9 * dP(14,© %product of total power at bus

]
Lds L

NN
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Tloss =
lossb2+lossb3+1lossb4+lossb5+1lossb6+lossb7+1lossb8+lossb9+1ossbl0..
+lossbll+lossbl2+lossbl3+lossbld
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APPENDIX C
LOSS ALLOCATION RESULTS FOR 14-BUS SYSTEM (IEEE14)

>> addpath 'D:\4thZ2nd(final) sem\FYP Source Code\Projek\loss
allocation\14 bus system'
>> IEEE1l4

lossbl =

lossb2 =
0.4834
lossb3 =
5.5254
lossb4 =
3.0024
lossb5 =
0.3081
lossb6 =
0.4540
lossb7 =
0

lossb8

lossb9 =

1,515

lossbl0 =
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0.4822

lossbll =

0.1690

lossbl2 =

0.0633

lossbl3 =

0.1598

lossbld =

1.3287

Tloss =

13.4919
>>
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