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Abstract: - This paper proposes the practical method for MW- redispatching and identifying wheeling paths
taking transmission line constraint into account based on an extended sensitivity analysis. Because the decision
for the MW- dispatch/ scheduling is requested to be very fast, the method proposed here brings the efficiency
of computations by utilizing the existing practical approaches for obtaining the optimal solution. So, in this
paper, a method of MW- redispatching by using the practical sensitivity-based technique, which is used for
identifying the wheeling paths in overloaded states is proposed. By the proposed method, the MW-
redispatching problem without using OPF solutions can be solved. On the other hand, in deregulated electricity
markets, appropriate and efficient levying of the wheeling rate is one of the critical issues. It is obvious that if
wheeling paths from suppliers to customers could be identified appropriately, it becomes possible to set up the
proper and fair wheeling rate according to the degree of power flow in each wheeling path. Until now, we have
reported that it is possible to identify paths of the wheeling in any situation effectively by making use of the
sensitivities calculated by an extended sensitivity analysis. In the previous research based on the sensitivity
analysis, constrains on transmission lines have not been taken into consideration. Then, in this paper, the
method of identifying wheeling paths is presented taking transmission line constrains into account based on an
extended sensitivity analysis. In order to show the validity of the proposed method, a series of simulations on
the IEEE 30-bus test system are conducted and numerical results are demonstrated.
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1 Introduction In April 2005, according to the political requirement
to accelerate power transaction in wider areas,

Liberalization of electricity markets has been - Y
Electric Power Industry Law was revised and the

progressed all over the world [1-9]. In Japan, all /
high-voltage customers, who make up 63% of the postage stamp method for wheeling was adopted..So,
total load, have already been deregulated and the the pancake problem was solved and the wheeling
full liberalization will be discussed in 2013. Also, charge was set to be constant regardless of
18 power producers and suppliers (PPS) have transaction trayersmg chfferent areas. Howevgr,
participated into the electricity markets by 2006. power system in Japan is spread.over l.engj[hwm,.e
Under such circumstances, it is indispensable to set from north to south and the capacity of tie lines is
up fair and transparent wheeling rates for market small. The‘refore, wheeling between dlstanjc places
participants in deregulated electricity markets. may deteriorate the power system operation e.g.

ISSN: 1790-5060 507 Issue 7, Volume 3, July 2008



WSEAS TRANSACTIONS on POWER SYSTEMS

transmission congestion and system instability. As
the current wheeling rate was set to be constant, the
wheeling charge does not contribute to restrain these
deterioration problems. Moreover, in the current
levying scheme, a part of the wheeling charge on
PPS, e.g. the transmission loss charge of wheeling
and the connection charge for transfer is put a strain
on customers. That is, the charge on non-eligible
customers increases. At present, because the charge
to be paid by those customers is not large, it does
not come to a big issue. However, it is necessary in
the near future to improve the wheeling levying
scheme from the viewpoint of fairness and
transparency of the wheeling charge.

So, if wheeling paths from suppliers to customers
could be identified appropriately, it becomes
possible to set up the proper and fair wheeling rate
according to the degree of power flow in each
wheeling path. Moreover, such a wheeling rate also
can send valuable economic signals to new
independent power producers and players in the
market. Until now, we have reported that it is
possible to identify paths of the wheeling in any
situation effectively by making use of the
sensitivities calculated by an extended sensitivity
analysis [10]. In the identification method, wheeling
paths among the suppliers (or generators) and the
customers can be any combination, such as single-
to-single, plurality-to-single and plurality-to-
plurality. In the previous research, constrains on
transmission lines have not been taken into
consideration. However, in reality, it is necessary to
incorporate these constrains in the congestion
management, such as capacity and operational limits
on power flow in transmission lines. Then, in this
paper, the method of identifying wheeling paths is
introduced taking transmission line constrains into
account. It means to identify wheeling paths after
redispatching generations to fulfill constraints in
transmission lines.

On the other hand, the generation redispatching in
the overloaded power system is also an important
task for network operators [11,12]. The dispatcher
can deal with the control setting to eliminate
under/over-voltages or reduce line overloads. The
optimal MW- dispatch/scheduling in deregulated
electricity markets should be generally conducted
every thirty minutes or even five minutes for large-
scale power systems. Because the decision for the
MW- dispatch/ scheduling is requested to be very
fast, the method proposed here brings the efficiency
of computations by utilizing the existing practical
approaches for obtaining the optimal solution. So, in
this paper, a method of MW- redispatching by using
the practical sensitivity-based technique, which is
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used for identifying the wheeling paths in
overloaded states is proposed. Previously, MW-
redispatching problem is solved mainly by the OPF
solutions that are very time consuming [13-18].
However, by the proposed method here, obtained
data, which are calculated for identifying the
wheeling paths, can be diverted for MW-
redispatching too. Therefore, we can solve the MW-
redispatching problem without using OPF solutions.
Moreover, by using the obtained data for the power
flow, we can reuse the data, which are calculated for
identifying the wheeling paths.

The paper is organized as follows. In the next
section, first, we explain how to obtain the
sensitivity matrix taking generator and load
characteristics of a system into consideration. Next,
the explanation of the generation distribution factor
is described. Then, how to obtain the sensitivity
matrix by introducing the concept of the generation
distribution factor is presented. Finally, a
computational method of MW- redispatching and
identifying wheeling paths after MW- redispatching
is shown. In section 3, in order to show the validity
of the proposed method, a series of simulations on
the IEEE 30-bus test system are conducted and
numerical results are demonstrated. Section 4
concludes the paper.

2 Sensitivity in  Power
Operation

In order to obtain the sensitivity matrix to be used
for MW- redispatching and identifying wheeling
paths after the MW- redispatching, it is necessary to
introduce the concept of the generation distribution
factor [19-22] into sensitivity derivation.

For calculating the sensitivity including the
generation distribution factor, first, we explain how
to obtain the sensitivity matrix taking generator and

load characteristics of a system into consideration.

System

2.1 Extended sensitivity analysis

In the extended sensitivity analysis, generator
characteristics ~ (generation  capacity,  speed
regulation, and dispatching strategies) and load
characteristics (voltage, frequency elasticity and
constant power features) can be taken into account
by expanding the sensitivity matrix in the process of
Jacobian  derivations. Inclusion of system
characteristics requires the expansion of the power
flow equation. Let the power flow of the general N-
node T-branch power system be described by the
simple vector equation.
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G(X,U,¢(X),p(U))=0 (1)

where X is dependent variable vector (2N
dimensional vector). Here, vector X comprises
unknown variables in a usual power flow
calculation; U is a controllable variable vector (M
dimensional vector) Here, M is the number of the
operating (manipulated) variables in system analysis
and control; @¢(X) is a 2N-dimensional vector

function of X ; A(U) is a
function of U . By the introduction of the functions
#(X) and B(U), defined anew, various kinds of

system characteristics in the power system can be
modeled.

If the dependent variable vector X changes from
X, to X, +AX in accordance with the change of

controllable vector by AU , then

2N-dimensional vector

96 \x+ 90 Ay 4999 \y 90 B\ (2)
oX oU 09 X 8[7’ oU
Therefore, the sensitivity matrix of the power

system expressed by (1) is given by:

_OX__ 3G 3G 39, G 3G &
v "ax s ax’ vt w
aG a¢ an aﬂ are expansmn terms caused
99 X aﬂ U

by introducing the functions ¢(X) and A(U) into

the power flow (1). It is obvious from (3) that if the
first derivatives of functions ¢ and £ with respect

to X and U exist, these expansion terms can be
computed easily.

(3) is the fundamental equation for determining
various basic data to be used in system operation.
Each basic data is obtained in a systematic way
from the expanded sensitivity matrix by simply
changing the expansion terms representing the
system characteristics.

2.2 Generation distribution factor

Next, we describe generation distribution factor,
which plays an important role in MW- redispatching
and identifying wheeling paths after the MW-
redispatching.

Generation distribution factors represent the effect
of a one-per-unit change in the output of a generator
on line power flows. This factor is also a useful
measure for generation shifting in preventive and
emergency control. Rescheduling or generation
shifting is executed as a means for correcting a
potentially dangerous state into a securer operating
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state. In generation shifting, the power balance
between generator outputs must be maintained.
Policy of maintaining power balance in the system
is incorporated using redistribution coefficients.

Redistribution coefficient is explained as follows.
When the real power output of the m-th generator is
increased by AP, , the static deviation in system

m

frequency Af is

4P,
Af = “)
K, +
ZKR fo)
where Af is the static deviation in system

frequency caused by the change of the real power in
system; K, is the load characteristic coefficient;

P, is the rated capacity of the i-th generator; R, is

the speed regulation of the i-th generator; f, is the
rated frequency.

Against the frequency deviation after governor
response, real generations of /-th generator will
change by governor response as follows,

PR
4B, =~ - |Af
Rz'fo

where 4P,

Im

)

is the change in the /-th real generation

caused by the change in the m-th real generation.
From (4) and (5)

P, L P
Ale = _( . j KL + Z . APm
Rz fo g R[ fo

= _Kkl X A4F,

(6)

K,, is referred to as the redistribution coefficient

showing the change in m-th real generation of the
m-th generator. By making use of this coefficient, it
is possible to express the situation that the initial
power allocation is transferred to a new state
according to system characteristics due to imbalance
of power caused by change in generation outputs.
When generation distribution factor is computed by
using the redistribution coefficient explained above,
the constraint on power balance is described by:

AP, ZA (7)

When the generation shifting has been conducted
keeping power balance in the system, the deviation
Af" becomes zero, in other words, the effect of load

characteristics disappears. It can be shown that (8)
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and (9) should hold in order for the relation (7) to be
satisfied.

P, -AP,
D e VI (®)
R, - f0 R fo
where
K, =-1 )
K, in (8) is referred to as the redistribution

coefficient for computing the generation distribution
factors. When generation shifting is determined by
(8), the imbalance of real power is redistributed in
accordance with each generator characteristic, e.g.,
capacity, speed regulation, etc. In (8), if the speed
regulation of each generator is the same, the
imbalance is redistributed proportionally to each
generator capacity. Furthermore by assigning 1 to a
particular K, , the /-th generator is intended as the

Im >

slack generator.

2.3 Sensitivity matrix including the

generation shift distribution factor

When the generation distribution factor is computed,

minor modifications of power system equations are
necessary by introducing coefficient X, . In the

generation shifting, the control variable is AP, , the

change in m -th node output. Power flow equations
for each node can be modified as follows;
(i) Power flow equations for m -th node

G2m—1 = Cm - (I)m + Apm)
+Esza{Gma COS(Bm _Ha)+Bma Sin(gm _90{)} (10)

G, =D, +0,

+E ZE{

(i) Power flow equations for / -th node

GZI—I:C]_(P _Kim'APm)

Iset

+EY E G, cos(6,-6,)+ B, sin(6,-0,)} 12

set

,sin(@,—8,)-B, cos(6, —6,)} (D

G :D_leet
+EZE {G,, sin(6,-0,)- B,acos(el—ﬁa)} (13)
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(iii) Power flow equations for other nodes
Gy =C, - F
+E, Z Ea{Gka cos(é’k -0, ) +B,, sin(ﬁk -0, )} (14)

Gy =D -0,
+EkZEa{Gka Sin(ek _60:)_Bka cos(&k _90:)} (15)

where P

set’

,0,,, are specified real and reactive power

generations.

Jacobian matrix G is the same form as the matrix
for power system equations without modifications.
On the other hand, the controllable variable in this
case is 4P, , and the elements of the Jacobian
matrix G, with the modification terms are derived
as follows:

(1) When n=m (m-th node),

ag2m—1 — ag2m—1 =—1 (16)
oU oP,
ame — ame — (17)
oU oP,
(i) When n =/ (/-th node),
01 _ 0g - =K, (18)
oU oP,
98y _ 98 _ (19)
oU OP,
(ii1)) When n # m,l (other nodes)
0g s _ g 51y -0 (20)
oU oP,
ag2k — agzk — (21)
oU P,
Here, B(U) of (1) corresponds to —K, -AP, of
(12) an aG gg of (3) corresponds to K, of (18).

Also, correspondence of m -th node and /-th node
in MW- redispatching and identifying wheeling
paths after MW- redispatching is shown as follows:
(1) MW- redispatching

m -th node: Generator node which performs the
wheeling before MW- redispatching

[ -th node: Generator node targeted for MW-
redispatching
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(i) Identifying wheeling paths after MW-
redispatching

m -th node: Demand node which performs the
wheeling

[ -th node: Generator node which performs the
wheeling after MW- redispatching

In order to carry out the MW- redispatching and
identification of wheeling paths after MW-
redispatching, it is necessary to obtain the sensitivity
constants with regard to line power flows.
Sensitivity constants for line power flows are
described by:

g - AF(X,,U,)
= — 0
:FX(Xo’Uo)'a_U"'FU '(Xo’Uo)
where F is an T-dimensional column vector

function with f; as its component. And it is written
as follows:

F = COIOF])fzi"' 'fl"" ’fT)

S, is the sensitivity matrix representing the change

(23)

in power flow due to a change AU in the regulating
devices. Let F be the line power flow from node &
to node m. Then,

F(X,U)=F(E, E,.6,.6,U) (24)

Partial derivatives, F, and F, can be obtained
easily by simple calculations. (0X/0U) , i.e.,
0E, /oU ,0E, /90U ,d6, /dU and 96, /dU are the

sensitivities of £,,E, ,6, and 8, to the unit amount

of change in a regulating device, which is already
known as the elements of the sensitivity matrix § .
Thus the sensitivity constants for line power flows
can be calculated from (22).

Thus, the generation distribution factor is obtained
from (3) and (22) while use is made of (16) through

(21) in computing the Jacobian matrix G, .

2.4 Computational method of MW-
redispatching and identification of wheeling
paths after MW- redispatching

By use of those equations derived so far, the MW-
redispatching and identification of wheeling paths
after MW- redispatching will be carried out
according to the following procedure.
[Step1]Calculate power flows and check the power

flow profile when wheeling is carried out.
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[Step2]Check the existence of line flow congestion.
When line flow congestion has not occurred,
it moves to a procedure [Step3]. When line
flow confusion has occurred, it moves to a
procedure [Step4].

[Step3]The redistribution coefficient of the
generator, which is performed wheeling, is
set as 1. Then, it moves to the procedure
[Step7].

[Step4]According to section 2.3, at generator nodes,
the generation shift distribution factor of
each generator is determined.

[Step5]According to the amount of the generation
distribution shift factor of each generator
calculated in the procedure [Step4],
redispatched generators and the amount of
generation changes are obtained. To put it
concretely, the amount of generation
changes is determined so as to eliminate
overloaded power flows by dividing the
overloaded flows by generation shift
distribution factor of each generator.

[Step6]Redistribution coefficient is normalized as
values from 1 to 0 based on the amount of
generation change calculated in the
procedure [Step5]. When each generator’s
output is 80[MW] and 20[MW] after MW-
redispatching, each redistribution
coefficients are set as 0.8 and 0.2
respectively according to the output ratio of
these generators.

[Step7]According to section 2.3 regarding node
classification, the sensitivity is calculated
with regard to line power flows by using (3)
and (22).

[Step8]According to the coefficient of the sensitivity
with respect to line power flow, wheeling
paths are identified

Though, above procedure is only for the case of

wheeling from single generator to single customer,

even for the case of wheeling from plural generators,
it is able to determine the redispatching by the same
procedure because of the superposition principle can

be utilized among each wheeling [23,24].

The flow of computation for MW- redispatching

and identification of wheeling paths are shown in

Fig.1.

3 Advantages of Proposed Method and
Application to a Test System

In this chapter, first, in order to show the validity of
the proposed method, comparisons of computational
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Power flow calculahon

Existence of
line flow congestion

Computation of
generation shift dismbuhon factor

Determination of dispatching generator
and the amount of change

K

Set of Redistnbution Coefficient £,

Calculaton of sensitivity
forregulatng device

Calculation of sensiivity
for line power flow

Identification of wheeling paths

Fig.1 Computational Flow for MW- redispatching
and identification of wheeling paths

methods between MW- redispatching and
identifying wheeling paths after the MW-
redispatching are described. Moreover, by

comparing the matrix between the proposed method
and conventional power flow calculations, we can
verify that proposed method is a very fast and
practical computation method. Because, the
proposed method can use the calculated value of
power flow calculations and does not need any OPF
calculations for the MW- redispatching. Then, the
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24 30
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Fig.2 IEEE 30 node test system

Table 1 Correspondence of Branches and Nodes

branch node branch node branch node
1 1-2 15 4-12 29 21-22
2 1-3 16 12-13 30 15-23
3 2-4 17 12-14 31 22-24
4 34 18 12-15 32 23-24
5 2-5 19 12-16 33 24-25
6 2-6 20 14-15 34 25-26
7 4-6 21 16-17 35 25-27
8 5-7 22 15-18 36 28-27
9 6-7 23 18-19 37 27-29
10 6-8 24 19-20 38 27-30
11 6-9 25 10-20 39 29-30
12 6-10 26 10-17 40 8-28
13 9-11 27 10-21 41 6-28
14 9-10 28 10-22

MW- redispatching by using the newly proposed
sensitivity-based technique and identifying wheeling
paths after the MW- redispatching presented in this
paper has been applied to a test power system (IEEE
30-node standard system) as is shown in Fig.2.

3.1 Advantage of proposed method

First, by comparisons of the computational method
of MW- redispatching and the method of identifying
wheeling paths after the MW- redispatching
proposed in this paper, it is shown that classification
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of nodes is different, but there is a characteristic
common to both methods in calculating the
sensitivity by using (3) and (22). So, the proposed
method enables us to determine MW- redispatching
and identifying wheeling paths after the MW-
redispatching only by changing the set of each node.
It is very useful for computational -efficiency
compared with OPF calculation.

Next, the relevance between the proposed method
and power flow calculation is discussed. When
power flow is calculated by the Newton-Raphson
method, the updating equation is given by:

-1

oP oP
E E YY) AP
_ _|0E 0J60 25
|:0:|(n+1) {0}(,1) B_Q a—Q LQL) )
oE 90 |

Here, considering the Jacobian matrix in (25)
indicate the partial differential of the power flow
equation by E and @, it is the same as Jacobian
the sensitivity.

Therefore, G, -element of P-Q assignment node can

use the calculated value obtained by power flow
calculation. Also, because of G -element of other

matrix G, , which calculate

nodes are constant, G, is calculated easily by

modifying the power flow calculation codes.

Among a series of procedure described in chapter
2.4 (that is, power flow calculation, MW-
redispatching and identifying wheeling paths after
the MW- redispatching), there are many common
characteristics. This is the remarkable advantage of
the proposed method from the viewpoint of overall
computational efficiency.

3.2 Application to a test system

In this application, in order to bring out a variety of
wheeling paths among suppliers and customers,
rotary condensers at Node 5 and 8 in the original
test system are replaced by generators. The direction
of arrows in the figure shows that of power flows at
a base load condition.

In this case, we assumed 55.0MW wheeling
between Node 1 to 24. Also, transmission line
constrain between Node 4 to 12 was assumed to be
70.0MW. In this condition, when all wheeling is
performed between Node 1 to 24, line power flow
between Node 4 to 12 become 71.04MW, so this
wheeling can’t perform. So, MW- redispatching is
performed to generator of Nodes 2,5 or 8.

The generation shift distribution factor between
Node 4 to 12 and the amount of change required to
release the transmission congestion and are shown
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in Table 2. From Table 2, by performing the MW-
redispatching to Node 8 generator, transmission
congestion can be solved most efficiently. Then we
decided to perform the MW- redispatching to Node
8 generator and identifying wheeling paths after the
MW- redispatching.

Table 2 shows that the amount of MW-
redispatching is 28.8MW. Based on the amount of
MW- redispatching, the obtained redistribution
coefficient, sensitivity factors for power flows have
been shown in Table 3, and also results of
identifying the wheeling path for this case have been
illustrated in Fig.3. The sign of sensitivities in Table
3 takes positive when the power flow increases by
increase of a specific generator output, and
correspondence of branch numbers in Table 3 and
node numbers in Fig’s 2 and 3 are shown in Table 1.
The MW- redispatching is carried out to generator 8
to release the transmission congestion between
Node 4 to 12, and we can identify that wheeling is
carried out through Nodes 8-28-27-25-24.

Table 2 Generation shift distribution factor and
the amount of MW- redispatching

Generator (.}er%erat.ion shift The{ arnour.lt of MW-
distribution factor  redispatching [MW]
2 0.0054 192.6
5 0.0189 52.3
8 0.0361 28.8

513

Table 3 Sensitivities of power flows
by wheeling among nodes 1,8-24

branch sensitivity branch sensitivity

1 0.4157 22 -0.0068
2 0.2567 23 -0.0065
3 0.1621 24 -0.0074
4 0.2441 25 0.0077
5 0.0801 26 -0.0547
6 0.1685 27 0.3539
7 0.0317 28 0.2318
8 0.0769 29 0.3427
9 -0.0764 30 0.2959
10 -0.3954 31 0.5671
11 0.3490 32 0.2826
12 0.1905 33 -0.2128
13 0.0002 34 0.0002
14 0.3488 35 -0.2278
15 0.3622 36 0.2404
16 0.0001 37 0.0006
17 0.0647 38 0.0007
18 0.2410 39 0.0002
19 0.0561 40 0.1224
20 0.0622 41 0.1214
21 0.0551
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Fig.3 Paths of wheeling among nodes 1,8-24

4 Conclusions

In this paper, we propose the method of identifying
wheeling paths after the MW- redispatching to
release the transmission congestion. Also, we
propose the method of MW- redispatching by using
the new sensitivity-based technique in overloaded
states.

By comparing the simulated results of MW-
redispatching, identifying wheeling paths after the
MW- redispatching with those of the conventional
power flow calculation, the proposed method is
proved to be very fast and effective, because the
method can determine the MW- redispatching
without calculating the OPF and these computations
can use the calculated values of the previous power
flow calculation.

Then, in order to show the validity of the proposed
method, a series of simulations on the IEEE 30-bus
test system have been conducted and numerical
results are demonstrated. As the results of
applications, by using the sensitivity with regard to
line powers flow obtained by the extended
sensitivity analysis, obtained sensitivities show
which redispatching of generator outputs has the
largest effectiveness to release the transmission line
congestion. Furthermore, the use of the coefficient
of sensitivity allows the redispatching of the amount
of generations to release the transmission congestion
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and the identification of wheeling paths after
redispatching. Also, by utilizing the identified
wheeling paths obtained based on the proposed
method, fair and transparent pricing for each
wheeling according to the degree of responsibility
of power flows would be decided.

Further directions of this study will be to develop
the wheeling charge levying based on the identified
wheeling paths and decision procedure of
redispatching generator not only based on
generation shift distribution factor but also based on
the generation cost (that is the redispatching cost or
the bid price about changing of generation output).
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