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An Approach on Installation and Limitation of
WPG in an EPS under System Steady
Constrains

B. Kermanshahi, Z. Litifu, and C. H. Kelvin Chu

Abstract—Granted by Japan Society for Promotion Science
(JSPS), this research deals with two vital problems in
installation of Wind Power Generation (WPG) in an Existing
Power System (EPS), one is determining the optimal
installation bus and the other one is estimating the maximum
limitation of WPG that can be safely introduced into EPS.
Here, Domain-Link Method (DLM) is used for forming
applicable domains based on the structural characteristic of
EPS, consequently Maximizing Decison Method (MDM) is
used for ensuring the best bus inside selected domain using
operational indices of environment, economy, reliability and
stability. The limitation of WPG is estimated after connecting
WPG to the selected bus based on system steady constrains.
The result is illustrated using the IEEE 30-Bus test system.
Successive installation of WPG may be conducted with the
same procedure satisfying new EPS constrains resulted from
the previous installation. Other than complex computation
process, this methodology shows its unique feasibility in
application of WPG installation to EPS of different structure
and capacity.

Index Terms—DLM procedure, bus determination, MDM
verification, WPG limitation.

|. INTRODUCTION

THIS PAPER presents a technical procedure of installing
WPG into an EPS aiming at reduction of transmission
loss and track of load condition. However WPG influences
stability of EPS so as to limit installable amount of WPG,
influence degree depends obviously on.the'installation bus
and WPG capacity. In actual application, appropriate busis
basic condition to guarantee efficient and economical
operation of wind power turbines, and WPG limitation is
vital reference to keep hybrid system operating within
system constrains. Determining optimal bus and WPG
limitation are therefore two important items in installation
process. In this paper, DLM [1] is a developed
computational method to select optimal buses; it may
equivalently divide EPS into domains based on power flow
direction and defined matrixes. Links are determined by
connection characteristic of EPS. Since selected domain
usually contains severa buses; the best optimal buses can
be produced from four system indices in the selected
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MDM. Stochastic particularity of WPG may affect EPS on
reliability and stability [2], excessive WPG may cause EPS
operating beyond system constrains, and there is hence a
limitation on installing WPG. Here, it is necessary to
indicate that WPG limitation should simultaneously meet
steady and dynamic constrains of EPS, in some cases,
dynamic constrains may provide more serious demand for
WPG limitation. .In this' paper, WPG limitation under
steady constrains is considered; dynamic particularity will
be managed in next research referring to the result obtained
from this paper. In order to verify other buses in EPS, a
synthetic.index is also derived. Main installation steps are
denoted as follows:

Stepl: Separate the EPS into domains by considering
the power flow of network and the defined matrixes,
and then select the most appropriate domain.

Step2: Determine the best optimal bus from the
candidates inside the selected domain for WPG
installation.

Step3: Determine the maximum limitation of WPG
based on the EPS constrains under steady state.

I1. DETERMINATION OF DOMAIN-LINK

Supposing that EPS contains n generators, m buses and t
transmission lines. As the first step, the calculation of
power flow that responds to the maximum system
generation and load demand is necessary. Along direction
of power flow starting from top generators, all bus numbers
need to be marked one by one in order of power
flow direction, number “1" is therefore marked on the
generator bus.

Three matrixes are established from the numbered
structure of EPS, namely Generator Matrix G , Bus Matrix
B and Upside Matrix U . Fig. 1 shows the basic principle
to define the matrix elements.

e In forming Bus Matrix B, regarding of the direction
of power flow, if power flow isflowing frombus i to
bus j (seebus i in Fig. 1(b)), then b(i,j)=i . As
bus | receives power flow (see bus j in Fig. 1(b)),
then b(j,i)=0. Here, i =1,2,...,.m, j=12..m,
then we have mxm matrix B asshownin (1).

¢ In forming Generator Matrix G , without regarding to
the direction of power flow, if bus i is connected to
generator, then g(i,k)=1 (see bus i in Fig. 1(a)),
otherwise, g(i,k)=0 (likebus j inFig. 1(a)). Here,
i =12,...m, k=1212..,n then we have mxn
matrix G as shownin (2).

e In forming Upside Matrix U, if bus i has no upside
bus or we say there is no any busin EPSto provide
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Fig. 1. Basic principle to define the matrix elements.

power flow for bus i , hence bus i is regarded as top
bus, then u (i)=1 (see bus i in Fig. 1(c)), otherwise
u@)=0 (like bus | in  Fig. 1(c)). Here,
i =1 2,..,m then we have mx1 matrix U as shown
in(3)

b, b, L L b,
B — bZl b22 M (1)
M O M
bml meL L bmm
gll glz L L gln
G — ng 922 M (2)
M 0] M
gml ngL L gmn
U= |:U11 uyL L um1:| (©)
Now, use formed matrixes to .decompose EPS
to domains.

1. Start from top line of al matrixes. Since supposed
direction of power flow shows its function in elements
of matrixes, usually we have g, =1, b,=1 and
u, =1.

2. Target of this step isto abtain improved matrix G by
classifying generator.. contribution to each bus.
Generally, supposing line j in matrix B is next-line
neighbored to line i , If b(j,i) =1 and u(i)=1,
then change g(j,k)=0 to g(j,k)=1 (if
g(j,k)=1 is existing, then keep it), simultaneously
change b(j,i) =i to b(j,i) =0 and give
u(j)=1. Repeat with same way until al elements
b, ...b,, inline j become 0, and then go to next
line until all elementsin B become 0 and all elements
in U become 1. Along with this procedure the
improved matrix G produced.

3. Target of this step is to form the domains. Equation
used to classify domainsis denoted as

Dec (j)=g(j,)x2™" +..+g(j,k)x2™* +...
S i m-k (4)
=>9(j.k)x2
k=1

where, | = 12,..,.m and k = 1,2,...,n. g(j,k) is
element inimproved matrix G . Astheresults, for j
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Fig. 2. The curve responding to tangent hyperbolic membership function.

line of matrix, one numeral result will be given, hence
for M lines (represent M buses) M numera results
will be given. Combine the results of same value, one
independent numeral result represent one domain.
Buses have some numera results indicate that those
buses bel ong to the same domain.

4. Determine’ the links and the best domain for
installation WPG. Link between two domains are
obtained from the<connecting structure of EPS by
collecting lines upside domain (supply power for
domain)-and lines downside domain (absorb power
flow from domain), one link therefore contains one or
more transmission lines. The domain with the most
upside links and supported by the most generators are
regarded as the best domain for installing WPG.
Anyway, the final selection will be made by verifying
system indices.

I1l. DETERMINATION OF OPTIMAL Bus

The selected best domain usually contains several buses
inside it. It is necessary to know which one is the best one
for installing WPG. In this section, this problem is
considered based on the four operational indices that
respond the system operational characteristics in economy
and dability [3]. Tangent Hyperbolic Membership
Function being used for determining the value of indicesis
expressed by (5)

u,(x)=1 (x <a)
i, (x)=1-2[(x —a)/(b—a)]*[a<x < (a+b)/2] -
1,()=2 [(x -b)/(b-a)]*> [(a+b)/2<x <b]
4, (x)=0 (b <x)

Equation (5) forms a suitable selectivity function for the
system evaluated indices, appropriate thresholds can be
determined based on the system operational condition.
Fig. 2 shows the particularity of the target index u,(x)
related to valuesof a, b and x .

The system indices used in this study are denoted
asfollows:

Load index u, is obtained from the load condition of
each line in EPS, this index shows if the power flow of
transmission line is within the thermal limit or not. n-1
security index ug indicates the range of power flow after
one of transmission line is cut; this index hence represents
the overload ability of each line in EPS. Environmental
index the overload ability of each line in
EPS. Environmental index g isobtained from the amount
of waste gas Feo, (ton/hr) discharged from the systemin
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TABLEI
THE RELATED PARAMETERS OF GENERATOR
Max. output Eco. Index Env. Index
BusNo  Fuel type [M\N]p [PY/kWh]  [g/kwh]
1 Qil 60 10.2 200
2 Coal 60 6.5 270
13 LNG 40 6.4 178
22 Qil 40 10.2 200
23 LNG 30 6.4 178
27 Coal 45 6.5 270
TABLEII
NON-NULL ELEMENTSIN MATRICES
Matrix Results of non-null elementsin the matrixes
ali, k) (1, 1)=(2, 2)=(13, 2)=(22, 4)=(23, 5)=(27, 6)=1
(2, 1)=(3, 1)=1. (4, 2)=(5, 2)= (6, 2)= 2. (4, 3) = 3.
(6,4)=4. (7,5)=5. (7,6)=(8,6)=6. (6, 9)=(11, 9)=9.
(6,10)=(9,10) = (17,10) =(20,10)=10. (14,12) =
(15,12) = (16,12) = 12. (12,13)=13.
u@i,j) (4,15)=(18,15)=15. (17,16)=16. (19,18)=18.
(29, 20)=20. (10, 21)=21.
(10,22)=(21,22)=(23,22)=(24,22) =22. (15,23) =23.
(24,25) = (26,25) =25. (25,27) = (28,27) = (29,27)
=(30,27)=27. (6,28)=28. (30,29)=29.
b(j) M=(@13)=(22) =27 =1

operation, this index represents the discharge degree of
each generator in operation. Economic target u. is
obtained from the cost F_, (Japanese Yen/hr), this index
responds to the cost level of EPS in producing e ectricity.

To ensure the correction of previous selection, a
synthetic index gy is introduced. This index is derived
from the previous 4 indices by listing the smallest indices
of each bus. Assuming that u (k) is synthetic index [4] of
busk, it can be expressed by (6)

Ho (K) = min (k), te (K), 1o (K), 5 (K)) (6)

In this research, the synthetic index is used for all buses
in order to investigate if there is any ‘other bus:that has
better indices level than determined one.

IV. DETERMINATION OF WPG LIMITATION

After the best bus is selected,it is essential to ensure if
EPS operates within system constraints [5] after connecting
to WPG. The maximum WPG that satisfies the up-limit of
EPS constraints is regarded as WPG limitation; it is can be
estimated from the EPS_simulation. Supposing EPS
operating in steady condition, the increment of ARpg ,
AQups sy AVyps and AVypg are caused from installed
WPG, then, the system constraints can be expressed as:
Pminli < Pli +APWPG < I:)maxli
Qinti Qi +AQus Qi (constrainsonlinei)
V vai +AVWPG SVmaxbi

foon Sfo A0 <F s

(constrainsonline i)

(constrainson bus i )

min bi

(constrainson bus i )

minbi

P, =) Poagi TARm  (constrainson generator i)
i=1

Q. = ZQ mxgi TAQups  (cOnstrains on generator i)
i=1

where, I:)minl -Pmaxl vainI_ana_xI v_Qming!Pmaxg as
well as V inp Vi, respectively indicate constraints on
system lines, busas and nenaratgrs, » and O are entire

system power. > " Pra gy and 2" Qg aethe

Fig. 3. The |IEEE 30-Bus Test Power System.

maximum outputs of generators used to verify the power
flow in power lines. Line power flow R; and Q,; include
line loss, line loss caused from increment of AR,pg and
AQups ae ignored due to small quantity. Load
development for 25-years are considered in R; and Q; to
match for normal service life of wind turbine of 25-years
(turbine service life depends on maintenance and operation
quality) [6]. In solution of WPG, AQups and ARpg
should begradually increased until the limitation of
constrain is reached, the WPG limitation is consequently
obtained. Optimal Power Flow is used for simulation.

In practical application, number of wind power turbine is
decided based on the final result of AQ,pg and AR,pg -by
considering the rated capacity of wind power turbine.

V.APPLICATION RESULTS

The proposed methodology is illustrated using the 30-
Bus IEEE Test System shown in Fig. 3, Table | indicates
the related system parameters (tables of impedance and
load are omitted here), and entire system capacity is 275
MW. As indicated in section 4, WPG to be installed is
22,500 kW (30 sets of 750 wind power turbines), tota
WPG therefore equals to 8.18% system capacity.

In according to the calculated direction of power flow,
the numbers of buses are given as shown in Fig. 3. Now,
establish matrixes G, U and B based on the principle
proposed in section 2, related non-null elements in the
matrix G, U and B aregivenin Tablell.

Matrix G can be easily developed by U and B (here
omitted). By leading G to (4), 30 numera results are
obtained from calculation for 30 buses. Summing up the
buses that have same numera result, 10 domains are
produced as shown in Table Ill. First column shows
domain number and numera results (those in bracket),
buses inside each domain are shown in second column
indicated by their numbers, upside links provide power for
adomain and downside links absorb power from a domain.
Number inside the bracket behind links number indicates
the number of transmission line.

Fig. 4 shows the relation of domains and links with
generators derived from Fig. 3. Direction of each link
follows the direction of power flow. By comparing all
domainsin Fig. 4 and Table I, it is known that domain 3
has more upside links that contain 5 transmission lines
providing power and it is supported by 4 generators (see
Fig. 4), this result indicated that domain 3 has very good
reliability and it therefore is deemed to be the best domain

19
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Fig. 4. Domains and links decomposed from EPS.

TABLEIII
DOMAINS AND LINKS OF TEST POWER SYSTEM

Domain  Busnumberinside Linksup-side Linksdown -side
(result) the domain the domain the domain
1(32) 1,3 0(0) 1(2)
2 (48) 2,2,2 1(2 1(2
3(53) 2,2,2 3(5) 0(0)
4(4) 2,10,11,20,21,22 0(0) 4(5)
5(8) 12,13, 16 0(0) 2(3)
6 (14) 14, 15, 18,19 2(3) 0(0)
7(12) 17 2(2 0(0)
8 (6) 23 1(1 1(1)
9(5) 24 2(2 0(0)
10 (1) 25,26,27,28,29,30 0(0) 2(2)
TABLEIV
RESULTS OF SYSTEM FOUR INDICES
Businstalled M Me He Mg
No-installation 0.9623 0.0418 0.2926 0.2531
Bus 6 0.3688 0.3399 0.3200 0.3424
Bus7 0.3806 0.3424 0.3570 0.3555
Bus 8 0.1457 0.7441 0.1378 0.2539

fitting for installation of WPG. In Fig. 4, line that connects
two domains can be called Link ; j, for-example, the line
from domain 2 to domain 3 can be defined as Link ,3 since
the direction of line arrow is pointing from domain 2 to
domain 3, we know domain 2 provides power flow for
domain 3, on the other words, domain 3 absorbs power
flow from domain 2.

However, there are three busesin domain 3 such as Bus
6, Bus 7 and Bus 8, it is‘necessary to classify the most
optimal bus among. them.  Based on the proposed
methodology and (6) in section 3, the thresholds are

given as:
e For load index x4, a=R,,=07R, and
b=R,x =R,. R, israted capacity of transmission

line.

e For n-1 security index us, a=R,,=09R, and

b=R,x =15R,. R, is raed capacity of
transmission line.
e For environment index ug, a=F., =0.94F, .

(t/hryand b =F,, =4.235 (t/hr).

e For economica index u. a=C,;, =145x10*
(JPY/hr) b=C,, =152x10%(JPY/hr), here, JPY is
Japanese money, unitisYen.

Based on related parameters of the testing system shown
in Fig. 3, results of system four indices are shown in
Table V.

Results in Table 1V shows Bus 7 has good economic
index and Bus 6 also has good load index. To sdlect
the most optimal bus that has general good indices that

0.3500+
0.3000+
0.2500+
0.2000+
0.1500+
0.1000+
0.0500+

0.0000

No-instdlation 6 7 8
Theinstalation position

Fig. 5. Syntheticindex u (k) of Bus6, Bus7, and Bus8.

TABLEV
RESULTS OF SYSTEM WITH FIVE INDICES THAT VALUE ARE OVER 0.3000
mg;fed s e He H o
4 03591 03436 03179 03408 03179
5 03570 03493 03188 03410 03188
6 03200 03688 03399 03424 03200
7 03570 03806 03424 03555 03424
12 03180 03354 03399 03309 03180
14 03081 03474 03446 03267 03081
16 03200 03099 03886 03416 03099
18 03062 03247 03898 03361  0.3062
19 03121 03091 04125 03431 03091

averagely shows the good indicesin all related indices, it is
necessary therefore to introduce synthetic index wup(k),
Fig. 5 shows the synthetic indices up (k) of three buses
based on the (6) shown in section 3. Here, the smallest
indices of three buses are listed, and simultaneously, the
other indices that represent the other four indices are
necessary to be considered avoiding the obvious
differences among the indices.

Fig. 5 indicates that Bus 7 has better synthetic index
Up (K) than Bus6 and Bus 7, it is therefore regarded as the
best optimal bus fitting for connecting the WPG.

Regarding al buses in EPS, there may be the bus which
synthetic index g (k) is better than Bus 7 although that
bus is not inside the best domain, in case it happens, to
ensure the indeed best bus is necessary by considering and
comparing al operationa factors of EPS. In our case,
system four indices and synthetic indices that have value
over 0.3000 among all buses of EPS is shown in Table V,
the results also indicate that Bus 7 is the best bus for
installing WPG, hence the bus selection may by closed
here. One of the advantages of this methodology is that the
next installation may be carried out based on the system
constrains after present installation.

As the fina step, system operation stability [7] need to
be verified to know if EPS can work within system
constrains. Driving by natural wind energy, WPG always
changes following wind speed. In this research, WPG
changes from 900 kW (30 kW per turbine) to 22500 kW
(rated output of 750 kW per turbine). Although the
occurrence frequency of full output occupies only 0.8 % in
operation due to wind characteristics, it can represent all
other output in verifying EPS stability and reliability,
therefore the rated output is used in calculation. Here,
allowed system margins are denoted as: bus voltage +10%;
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TABLEVI
VARIATION OF OUTPUT POWER FROM SYSTEM GENERATORS BEFORE AND
AFTER INSTALLING WPG

TABLEVII
VARIATION OF POWER FLOW IN TRANSMISSION LINESWHEN WPG IS
INTRODUCED INTO DIFFERENT BUSES [MW]

Installed
buses No. The output power from system generator [MW]
Bus Bus Bus Bus
Busl Bus2 13 ” - g
No
installation 3069 3133 3212 2747 278 38.6

3058 3122 3208 2752 2781 3876
3141 3203 3237 3073 2935 31.6
30.69 31.33 3212 2747 27.8 38.6

system frequency +2%. Table VI and Table VIl shows the
variation of generator output and line power flow after and
before installing WPG, it shows system generators till
work within thermal limitation of rated capacity. However,
if generator output is too small to keep economic operation
in the case of installing large amount of WPG, applicable
adjustment is necessary based on the system P,,, margin.

Characteristics of system stability and transmission lines
are shown in Table VII. from this table it is known that
power flow [8] of some linesisincreased but the increment
is within thermal capacity of transmission lines, Table VI
shows the line thermal capacity and the power flow after
installation WPG on Bus 6, Bus 7 and Bus 8. Voltage and
frequency of power system are also within the limited
margin of +10 % and +2 % that we proposed for this
system.

V1. CONCLUSION

This paper presents a novel approach to determine the
optimal process to install WPG into an EPS by considering
system constrains, the technique provides a simple‘and
easy method to make decision on how and where wind
power resources can be economically<rand © safely
introduced. It is proved that stability and reliability of
newly established hybrid system .is. available. The
important advantages of this research is that the optimal
buses is selected from the defined domain that supported
by the most of system generators and transmission lines,
this case makes the target buses keeping relative higher
level in reliability and stahility than other buses in system.
Comparing with the index method [9] that determines
optimal buses by indices and shows efficiency in
application for a small sized power system, this approach
can be applied for any sized power system, and the future
successive installation can also be easily realized based on
the system constrains formed from the present installation,
four system indices provide the detail operational
information. Comparing with the power flow method [10]
that shows optimality in investigating the buses state and
determining introducible limitation of WPG, this research
may cover the al necessary aspects that exert directly
influence on the installation process such as capacity of
transmission line and system synthetic index derived from
economic, security, environment and load demand, the
efficiency of thisresearch istherefore obvious.

Depending on the necessity of EPS, indices used for
verifying the best bus may feasibly use other kinds of
indices that can indicate the operational characteristics of
EPS, but not limited in proposed indices, anyway, synthetic
index is necessary to classify indices of all EPS buses,

From
Line busto rema - No- Bus6 Bus7 Bus8
bus capacity  installation
1 1-2 24.00 19.38 950 18.68 19.62
2 1-3 24.00 12.16 10.82 11.90 11.79
3 2-4 16.00 8.53 1329 829 851
4 34 24.00 9.68 9.45 9.48 9.32
5 2-5 24.00 9.80 13.47 8.86 9.85
6 2-6 32.00 11.47 2358 10.97 11.53
7 4-6 24.00 14.72 2.15 13.52 15.23
8 5-7 24.00 9.74 9.45 8.82 9.79
9 6-7 24.00 13.18 1347 1039 1312
10 6-8 32.00 23.48 2358 2355 20.85
11 6-9 16.00 2.70 2.15 2.20 1.92
12 6-10 16.00 154 1.23 1.25 1.10
13 9-11 16.00 0.00 0.00 0.00 0.00
14 9-10 16.00 2.70 2.15 2.20 1.92
15 12-13 48.00 32.92 3212 32.08 32.37
16 12-14 16.00 4.58 4.58 458 4.29
17 12-15 16.00 5.15 5.15 5.14 4.36
18 12-16 16.00 7.71 7.17 7.70 7.45
19 12-15 16.00 1.66 1.66 1.66 1.94
20 16-17 16.00 4.10 4.10 4.09 3.89
21 15-18 16.00 9.28 9.28 9.27 9.14
22 18-19 16.00 5.95 5.95 5.95 5.84
23 19-20 16.00 3.58 3.58 3.58 3.68
24 10-20 16.00 5.82 5.82 5.82 5.92
25 10-17 16.00 4.96 4.96 4.96 5.14
26 10-21 16.00 11.04 11.04 11.08 1099
27 10-22 24.00 8.92 8.92 8.94 8.89
28 21-22 32.00 28.58 28,58 28.62 28.52
29 15-23 16.00 14.40 1440 14.05 14.95
30 22-24 16.00 0.01 0.01 0.02 4.02
31 23-22 16.00 10.38 10.38 10.37 11.00
32 24-25 16.00 8.69 8.69 8.72 4.73
33 25-26 16.00 354 354 354 354
34 25-27 16.00 12.41 1246 1249 831
35 28-27 16.00 13.07 12.63 12.77 9.93
36 27-29 16.00 6.16 6.16 6.16 6.16
37 27-30 16.00 7.10 7.10 7.10 7.10
38 29-30 16.00 3.68 3.68 3.68 3.68
39 6-28 16.00 6.34 5.99 6.10 4.34

especialy when installation bus (or site) is limited by wind
condition. Actually, to obtain the best installation bus,
synthetic analysis of entire EPS is essential in each
installation step. The results under steady constrains have
to be verified again by dynamic constrains, this will be our
next research.

Along with the development of multi-renewable
resources in an EPS, the proposed methodology may be
also used for installing other types of dispersed power
resources by considering their electric particularities
performing in EPS.

REFERENCES

[1] D. Kirsche, R. Allan, and G. Strbac, "Contributions of individual
generations to load and flows," |EEE, Trans. Power Apparatus and
Systems, vol. 12, no. 1, pp. 52-60, Apr. 1997.

[2] W. F. Tinney, V. Brandwajn, and S. M. Chan, "Sparse vector
method," IEEE, Trans. Power Apparatus and Systems, vol. 104,
no. 2, pp. 259-301, Feb. 1985.

[3] R. Billinton and R. N. Allan, Reliability Assessment of Larger
Electric power System," Kluwer: Academic, pp. 80-95, 1988.

[4] M. Sakawa, Fuzzy Sets and Interactive Multi-objective Optimization,
Plenum Press, pp. 62, 1993.

[5] Y. Sekine, M. Hayashi, Y. Serizawa, J. Toyoda, and J. Hasegawa,
Power System Engineering, Tokyo: Corona Company, pp. 26, 1979.

21



22 IRANIAN JOURNAL OF ELECTRICAL AND COMPUTER ENGINEERING, VOL. 7, NO. 1, WINTER-SPRING 2008

[6] F. L. Alvarado and W. F. Tinney, "Scarcity in large-scale network
computation,” Control and Dynamic System, vol. 41, part 1, pp. 286-
295, Academic Press, 1991.

[7] B. Stott and D. Alsac, "Fast decoupled load flow," IEEE, Trans.
Power Apparatus and Systems, vol. 93, no. 3, pp. 859-869,
May 1974.

[8] B. Stott, "Review of load—flow calculation method," Proceedings of
IEEE, vol. 62, no. 6, pp. 912-929, Jun. 1982.

[9] L.Zulati, K. Nagasaka, Y. Nemoto, and |. Ushiyama, "Improving the
reliability of a weak power system by introducing wind power
generation," Int. J. of Electrical and Power Engineering, Medwell
Journals, val. 1, no. 1, pp. 28-35, Aug. 2007.

[10] L.Y. Zhou and W. W. Sheng, "Optimal method to determining wind
power penetration limit in power system under static constrains,” in
Proc of the CSEE, val. 21, no. 6, pp. 110-117, Jun. 2001.

B. Kermanshahi was born in 1956. He obtained his B.S., M.S. and Ph.D.
degrees in Electrical Engineering from Nihon University (1985) and
Tokyo Metropolitan University (1987, 1990), Tokyo, Japan. He worked as
a Chief Researcher for Computer Software Development Company,
Tokyo, Japan (1990-1991). He became a Visiting Professor at the
University of Manitoba, Winnipeg, Canada (1991-1994). Then he worked
as a Scientist at the Central Research Institute of Electric Power Industry
(CRIEPI), Tokyo, Japan (1994-1998). He worked as an Associate
Professor at the Department of Electricall Engineering of Tokyo
Metropolitan University (1995-1998). Currently, he is an Associate
Professor of Graduate School of Engineering at Tokyo University of
Agriculture and Technology. Prof. Bahman Kermanshahi has published
more than 400 scientific papers and one of his papers won a Paper-Prize of
the Ingtitute of Electrical Installation Engineers of Japan in 1991. In 2002,
2003 and 2006 he received awards from the Ministry of Energy for his
contribution to the International Power System Conference PSC-2002. His
current research projects concern environmental energy engineering
particularly power system analysis, wind power, load forecasting, and
application of intelligent systems to power systems. Prof. Bahman
Kermanshahi is a member of IEE, IEIE of Japan and a member of |EEE,
International Neural Network Society of US.

Z. Litifu was born in July 15, 1959 in Xing Jiang, China. He obtained his
BS degree in Electric Power System of Xing Jiang University, Xing Jiang,
China in 1982. Then in 1998, he obtained his MS degree in Electrica
Engineering from Hua Zhong Technology and Engineering University,
Wuhan, China. He became a Research Associate at Xing Jiang University
in 1983, lecturer in 1987 and Associate Professor in 1996 at the same
University. From 2000 to 2001, he was with the Department of
Mechanical Engineering of Ashikaga Engineering University of Japan asa
Visiting Scholar conducting Wind Power research. Presently, heis a Ph.D.
Candidate at Department of Electrical and Electronics of Tokyo University
of Agriculture and Technology, Tokyo, Japan. He works as a specia
researcher of Japan Society for Promotion Science (JSPS). He is Associate
Professor of Statistics and Information Department of Xinjiang Institute of
Finance and Economics. He serves as reviewer of International Journal of
Energy and Power System.

C. H. Kelvin Chu is a Member of Technica Staff in the Advanced
Network Reliability, Security & Service Assessment & Optimization
Group at Bell Labs Advanced Technologies in Holmdel, NJ. For the past
23 years, he has been involved in the application of computer-based
probabilistic and deterministic.techniques, including system modeling and
simulation, to reliability assessment, planning and operation of
engineering systems, and risk assessment and management. He is
currently researching and developing new methodologies, approach and
tools to assess the end-to-end reliability of advanced engineering systems,
including broadband telecommunications networks. He has published
extensively in the application of probabilistic techniques in both Power
(Energy) and Telecommunications areas. He serves as a reviewer for
severa' publications including the Institute of Industrial Engineers (I1E)
and is a senior member of IEEE.



