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Abstract—In a competitive energy market, system reliability 

should be maintained at all times. Power system operation being of 
online in nature, the energy balance requirements must be satisfied to 
ensure reliable operation the system. To achieve this, information 
regarding the expected status of the system, the scheduled 
transactions and the relevant inputs necessary to make either a 
transaction contract or a transmission contract operational, have to be 
made available in real time. The real time procedure proposed, 
facilitates this. This paper proposes a quadratic curve learning 
procedure, which enables a generator’s contribution to the retailer 
demand, power loss of transaction in a line at the retail end and its 
associated losses for an oncoming operating scenario to be predicted. 
Matlab program was used to test in on a 24-bus IEE Reliability Test 
System, and the results are found to be acceptable. 
 

Keywords—Deregulation, learning coefficients, reliability, 
prediction, competitive energy market. 

I. INTRODUCTION 
N a competitive energy market consisting of a number of 
generation providers, a number of transmission system 

operators (TSO), a number of retailers who serve the 
customers, and also an independent system operator (ISO) 
overseeing coordinated operation between these elements and 
carrying out arbitration when required, system stability and 
reliability are being increasingly perceived as important 
criteria for the smooth transition of the energy market from 
regulated to deregulated operation.  

The reliable operation of power system must satisfy the 
energy balance requirements in real-time periods. A feasible 
operating system is one in which the level of supply and 
demand lies within the limits of the system capabilities. [1]. 

The operation of power system involves transmission losses 
which are unique to location and depends on the system state, 
or current operating point and cannot be forecast precisely. 
Load varies in a stochastic manner and cannot be estimated 
accurately. Information regarding the expected status of the 
system and the scheduled transactions are necessary to system 
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reliability and stability. 
It is required to predict generations participating in meeting 

a retailer’s future demand, predict capacity utilization of the 
generation providers involved in meeting a demand and 
capacity utilization of alternate bulk transmission paths 
supplying this future demand, to achieve this, the paper 
proposes a quadratic curve learning procedure, which enables 
learning of the relationship between a demand and the 
contributions to this demand through each possible flow path 
at both ends of the path. The procedure further enables the 
learning of the relationship between a line flow and a 
generation’s contribution to this flow. Based on the current 
and few past operational scenarios, once these learning factors 
are obtained, they can be used to predict contribution of each 
generation to a future retailer demand, contribution of each 
line at its both ends to a future retailer demand and 
contribution from each generation to a line flow 
corresponding to a future retailer demand. By predicting the 
flows at both ends of a line to meet a retailer demand, it’s 
possible to predict the power loss in a line for carrying a 
certain portion of a retailer’s future demand. The learning 
coefficient can be kept updated, as and when new operational 
scenarios come up.   

II. APPROACH AND METHODS 

A. Tracing Power Flow Review Stage 
Transmission loss in a line depends on power flow through 

it, and power flow in any line is additive over supplies from 
generators connected to the line. Thus, portion of the 
transmission loss attributed to a generator depends on the way 
its power flow shares the lines in the network with the 
supplies from other generators [2]. 

The large transmission network provides large number of 
possible routes for electricity to flow. Tracing the flow of 
electricity using conventional load flow is impossible due to 
the changing demand which will affect the operation of the 
systems.  

The proposed electricity tracing can only be applied to a 
system if Kirchoff Current Law is satisfied in all the nodes. 
The tracing principle works on the proportional sharing 
principle.  
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B.  Tracing Generator Power Flow  

iP , the outflow to the thi  bus, is the sum of all the outflows 
through the lines connected to the bus and the local bus load 
 

                                                                      (1) 

                                                                                                                                                                        
Where μ is the set of nodes directly supplied from node i , 

implying power flow from thi node. If the line losses are 
neglected, then lil-i −= PP . Equation (1) can be further 
expanded into:  
  

                                                                      (2)                                                                                                 
                                                                                                        

Defining    
l

l
l P

P -i
ic =    expressing relationship between 

line flow and the nodal flow at the thl node and using 
proportional sharing principle, lll PP - ii c= . 
 

Substituting this in (2) yields       PPP Li
l

lii c =⎟
⎟

⎠
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P is the vector of net nodal powers. LiP  is the vector of 

nodal load demands. By applying this formula to a 4 bus 
system, the formula Ld PPA =  can be expanded as shown 
below:  
 

In order to generalize the elements of Ad, it is important to 

recall equation 
l

l
l P

P -i
ic = .  

 
For the diagonal element c11, c22, c33 and c44 the values will 

always equal to 1 because 1
||

=== −

l

l

l

ll
ll P

P
P

P
c . 

 
 For the off diagonal element it is important to know 

whether there is any connection between 2 buses.  
 
 

If there is any connection between the buses, then 

l

l
l P

P -i
ic =  or else cli = 0. The elements of Ad matrix can be 

summarize: 
 

                                                      

                                                                                 (3)                                                 

                                       

The thi element of Ld PAP -1=  shows the distribution of the 
thi nodal power between all the loads in the system. The 
thi element of the equation is given by:  

 
                                                                              (4) 

                                                                                         
Nodal generation also an inflow at the thi bus is given by: 

 

                                                                             

(5)                      

                      

Equation (5) shows share of the output of the thi generator 
used to supply the thk  load demand. It can be used to trace 
where the power of a generator goes to. 
 

C. Tracing Power Flow from a Load  

iP , the inflow to the thi  bus, is the sum of all the inflows 
through the lines connected to the bus and the local bus 
injection 
                                                                                                              

                                                                     (6)  

 
Where η is the set of nodes directly supplying node i , 

implying power flow towards thi node. If the line alosses are 
neglected, then jij-i −= PP . Equation (6) can be further 

expanded to become: 
 

                                                                                         (7) 

 

By defining 
j

j-i
jic

P

P
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line flow and the nodal flow at the thj node, using 

proportional sharing principle j- PP jiij c= , substituting this in 
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or Gu PPA = , P is the vector of 

gross nodal flows. 
Gross nodal flow is the sum of the actual demand and the 

allocated part of the losses to the demand. GP  is the vector of 
nodal generations. 

By using the same 4 bus system that was applied at the 
earlier section, the equation Gu PPA =  can be further 
expanded as shown below: 
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In order to generalize the elements of Au, it is important to 

recall equation 
j

j-i
jic

P

P
= .  

For the diagonal element c11, c22, c33 and c44 the values will 

always equal to1 because 1
||

=== −

j

j

j

jj
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P
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c . 

For the off diagonal element it is important to know 
whether there is any connection between 2 buses. If there is 

any connection between the buses, then 
j

j-i
jic

P

P
=  or else cji 

= 0. The elements of Au matrix can be summarized: 
 
 

(8)                                                                                                                            

 
 
 
 
 

The thi  element of Gu PAP -1=  shows the participation of 

the thk generation to the thi nodal flow and determines the 
relative participation of the nodal generations in meeting a 
retailer’s demand and is given by 

                                                                                            

                                                                      (9)                                     

 
Load demand at the thi bus is given by                 

 

 

                             (10) 

                                                                                                                                                                              

Equation (10) shows contribution of the thk generator to 

the thi load demand. It can be used to trace where the power 
of a specific load comes from.  

D. Share of a Transaction in a Line-Flow 
A line outflow in line l−i from node i , using the 

proportional sharing principle and using equation (10) can be 
given by: 
                                                                                                                                                                                

                                                                                                            

                                                          (11) 
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D l
l =   with μ∈i  the set of nodes 

supplied directly from node i , are the topological distribution 

factors and give the share of the thk generation in the total line 
flow in line l - i .  

Inflow to node i  from line ji  - is calculated using the 
proportional sharing principle as 
                                                

 

                                                                     (12)                   
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thk load demand that 

flows in line. ji -  
 

Using [ ] Gkik
i

jiG
kji PA

P

P
D 1-

u
 - 

 ,  -  =  and 

[ ] Lmimd
i

jiL
mji PA

P

P
D 1

,
−−

− = a part of a specific transaction 

between thk generation provider and the thm retailer using a 
transmission circuit ji  - can be determined. 

III. PREDICTING FUTURE DEMAND 
Generalized quadratic relationships between (i) a retailers 

demand and share of generations meeting this demand, (ii) a 
retailers demand and the power loss in a transaction, (iii) a 
retailers demand and the share of the part of the transactions 
in a line and (iv) a retailer’s demand and the losses pertaining 
to each of the transactions in a line, are proposed, to facilitate 
the generation of these learning coefficients. Four types of 
learning coefficients ( 111 ,, γβα ), ( 222 ,, γβα ), ( 333 ,, γβα ) 
and ( 444 ,, γβα ) need to be generated at each demand node of 
the network. Thus, there will be ( pqng n× ) sets of 
( 111 ,, γβα ), ( pqng n× ) sets of ( 222 ,, γβα ), ( lnnpqg ××n ) 
sets of ( 333 ,, γβα ) and ( lnnpqg ××n ) sets of ( 444 ,, γβα ) 
to be generated using real time operating scenarios, during 
learning exercise. ‘ng’ represents number of generations.  
( npq) represents number of retail or demand points and ‘nl’ 
represents number of active links in an operating scenario. 
                                                                                                                      

A. Learning Relationship between a Generator’s 
Contribution to a Retailers Demand at the Receiving End 
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d

PP
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                                                     (13)         

 

Where dP = is the total demand at a retailer’s point of receipt 
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in per unit (p.u.), gdP  = a generator’s contribution to a 

retailers demand at the point of receipt in p.u. 
           

B. Learning Relationship between a Retailer’s Demand 
and the Associated Loss in a Transaction 

td
d

LossP
P 22

2 =++ γβ
α

                                           (14) 

Where dP = the total demand at a retailer’s point of receipt in 
p.u., tLoss = loss in a transaction in p.u. (The difference 
between a generation’s contribution to a demand at the 
generation end and a generation’s contribution to a demand at 
the load bus).  

C. Learning Relationship between a Retailer’s Demand 
and the Share of Transactions in a Line at a Point of Receipt 

dd
d

lPP
P 33

3 =++ γβ
α

                                             (15) 

 

Where dP = the total demand at a retailer’s point of receipt 
p.u., dPl = the share of transactions in a line at a point of 
receipt in p.u. 

D. Learning Relationship between a Retailer’s Demand 
and the Line Losses in Each Line Used by a Transaction 

dd
d

lLossP
P 44

4 =++ γβ
α                                   (16) 

 
Where dP = the total demand at a retailer’s point of receipt in 
p.u., dlLoss = losses for each of the transactions in a line in 
p.u. 

IV. RESULTS 
The simulation was done on a 6-bus and a  

24-bus IEEE Reliability test system shown in Fig. 1. The 
different transactions required and their associated losses for 4 
different values of retailer’s demand for a 24-bus system are 

presented in Table I. The predicted values of upstream trace 
and the loss associated with a transmission for oncoming 
operating scenario are also shown in the table. 

 

 
Fig. 1 24-Bus IEEE Test System 

 
TABLE I 

24-BUS IEEE RELIABILITY TEST SYSTEM 
DOWNSTREAM TRACE (GENERATION END) & UPSTREAM TRACE (RETAIL END) LOAD AT BUS 4 FOR CURRENT AND ONCOMING SCENARIO 

Actual value Actual value Predicted value 

  Load = 0.77 p.u. Load = 0.7 p.u. Load = 0.63 p.u. Load = 0.84 p.u. Load = 0.84 p.u. 

 Generator Gen Retail Loss Gen Retail Loss Gen Retail Loss Gen Retail Loss Gen Retail Loss 

  End End  End End  End End  End End  End End  

 1 0.0499 0.0491 0.0008 0.0404 0.0398 0.0006 0.0327 0.0323 0.0004 0.0593 0.0583 0.001 0.06 0.0599 1E-04 

 2 0.3271 0.322 0.005 0.3081 0.3038 0.0044 0.2914 0.2875 0.0039 0.3439 0.3382 0.0057 0.3528 0.3468 0.006 

 13 0.0489 0.048 0.0009 0.0467 0.0459 0.0008 0.0437 0.043 0.0007 0.0497 0.0487 0.001 0.0593 0.0496 0.0097 

Bus 4 16 0.0085 0.0081 0.0003 0.0073 0.0071 0.0003 0.0085 0.0064 0.0021 0.0095 0.0091 0.0004 0.0098 0.0095 0.0003 

 18 0.0108 0.0103 0.0005 0.0094 0.0089 0.0004 0.0081 0.0077 0.0004 0.0121 0.0115 0.0006 0.0123 0.0117 0.0006 

 21 0.0322 0.0303 0.0019 0.0276 0.0261 0.0016 0.0238 0.0225 0.0013 0.0364 0.0343 0.0022 0.0372 0.035 0.0022 

 22 0.0357 0.0334 0.0023 0.0308 0.0289 0.002 0.0267 0.025 0.0017 0.0402 0.0375 0.0027 0.0411 0.0384 0.0027 

 23 0.2893 0.2771 0.0122 0.2522 0.2419 0.0103 0.2199 0.2111 0.0088 0.3228 0.3087 0.0141 0.33 0.3156 0.0144 
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V. CONCLUSION 
The paper extends the power tracing method proposed in 

[2,7] to come out with a methodology which, based on the 
current and past operating scenarios, could help in learning 
the relationships between a retailer’s demand and (i) a path 
through learning coefficients. These learning coefficients can 
be stored in the computer memory.  

Through the related learning coefficients, for an oncoming 
transaction it is possible to predict a generation’s participation 
to a retailer’s likely demand, losses associated with this likely 
transaction, share of the likely transaction in a line at the 
retailer’s end and also the share of losses in a line associated 
with a likely transaction. The results obtained confirm the 
accuracy of the method proposed.  
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