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g o Fee, Stepwise Restoration of DG-integrated DistributionNetwork
W %, .
LQ 5 under Cold Load Pickup
%"/y
100, Vishal Kumar, Rohith Kumar. H.C., I. Gupta and H.O. Gupta

Abstract— A scheme for step-by-step restoration of a powaribigion network under Cold Load Pickup condition
has been presented in this paper. The proposedheeheses the optimal load shedding at each stegsibration
process while taking into account the effects epelised generation (DG). The load diversity corsgyy DG has
been effectively utilized for quicker restoratioh tbe network. The optimization is performed to ieeh multiple
objectives of minimum load curtailment and minimswaitching operations while satisfying all the netkvoonstraints.
Genetic Algorithm has been utilized to search tpénwal solution. A considerable amount of improvetnia the
reliability has been observed in case of DG incoghion. The proposed scheme has been illustratec @3-bus
radial distribution network.

Keywords— Cold load pickup, Distributed generation, Optimalload shedding, Power distribution network restoraton.

optimal designing of the distribution network and
1. INTRODUCTION development of better restoration techniques under

Loss of diversity among electrical loads during the CLPU [3], [6-[9]. A critical survey has been corued

restoration following an extended outage can lead t r;cently to highlight various aspects of CLPU pesbl
heavy loading on system during post-outage pefitis [2].

loss of diversity is mainly due to thermostatically = The CLPU condition mainly depends on several
controlled loads connected in the system beingcheid factors such as the duration of outage, type oheoted
ON simultaneously at the instant of supply restorat  load, weather condition, living habits of the usand
causing post-outage load-demand to reach 2 to &stim thermal characteristics of the building. Reseaiiave
the diversified load, such a high load conditiokn®wn divided CLPU condition in to four phases: Inrushotor

as ‘Cold Load Pickup’ (CLPU) [1]. The proportion of starting current, motor accelerating current, amdueing
thermostatically controlled loads is increasingaatigh current phase [10]-[12]. Initial three phases aamdient
rate and these loads constitute the major portfoth@  in nature and die out within few seconds, wherdes t
load on the system today. Such a raise has made thenduring phase can last for long duration theremsing
CLPU problem a prevalent feature of distributiostsyn significantly high loading on the distribution netrk
restoration, especially in the power deficient does elements, thereby violating voltage and currenttéirof
where scheduled and forced power outages are fneque the feeder [2]. Hence, all the connected loadsnrrbe
switched ON simultaneously during the initiation of
restoration. However, the aggregated load decremisies
time, and allows more loads to be switched ON a&s th
network regains diversity gradually.

CLPU has more than sixty years old history, however
low percentage of thermostatically controlled loaads
that time did not make the problem so severe.ah first
recognized as inrush phenomenon in 1952, and ctange
relays settings were proposed [2]-[4]. In the réqeast, As evident from the literature, extensive resedrch
researchers started paying attention towards CLPUhe area of CLPU has been carried out to restareonke
problem, and several efforts have been made to Imoden minimum duration. Several heuristic and non-fstiar
the connected loads and also the interconnectingapproaches have been used to obtain the optimal
elements under this condition [5]. During last fggars  sequence of restoration. Ucak and Pahwa [6] ainted a
much of research in this area has been orientedrttsy  minimizing the total restoration time and customer
interruption duration by making use of derived fiime
between restoration time and restoration ordertheuoy

"Vishal Kumar (corresponding author) is with Elezati ~ the authors determined the optimal switching ortter
Engineering Department (EED), Indian Institute obcfinology  minimize customer average interruption durationeind
Roorkee (IITR), Roorkee-247667, India. (Telephd®te:1332-286294, (CAIDI) by using adjacent pair wise interchange Inoet

e-mail:vishal_saxena72@hotmail.cdm .
Rohith Kumar H.C. is with EED, IITR, Roorkee-24766mdia  [/]. Walkilesh and Pahwa [8] performed a cost

(Telephone: 91-1332-286294, e-méit:_rohi@yahoo.com optimization to determine the size of substation
Indra Gupta is Assistant Professor in EED, IITRpRee-247667 : i :

India. (Telephone: 91-1332-285395, e-maitrafee@iitr.ernet.if transformer and number of sectionalizing switctieat t
H.0.Gupta is Professor in EED, IITR, Roorkee-24766Ha. minimize the total annual cost. The same authose al
(Telephone:91-1332-285576 e-mditirifee @iitr.ernet.in) applied Genetic Algorithm (GA) for optimal restdoat

of an actual feeder. The capacitor banks were fed

1
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boosting the voltage to meet the under-voltage In the delayed exponential model, un-diversifieddo
permissible limit [9]. As the restoration time iaded on §, remains constant from restoration tinfge to T,
the order in which sections are restored, for secjug showing delay, and aftélr, it decreases exponentially to
the switches, GA [10] and Ant Colony algorithm [13] diversified level S as shown in the above Fig 1.
have also been exploited. The issues like voltagg a Mathematically, this model can be expressed afld])
current constraints of buses and branches, andidaca

for placement of sectionalizing switches have been [S +(S -S) é’(t'Tz)] G-t
addressed in a recent paper by Gupta and Pahwa [14]5(0 = o u b 1)
they have taken the base of voltage drop to firel th + SU (% ¥ (1)

location of sectionalizing switches and optimalesizf
transformer and feeder, while minimizing the restion 2. AIM AND APPROACH
time. Therefore, it is evident from the above referes
that rigorous work has been carried out on tramséor
overloading and cost minimization for cold load knip
condition.

The aim of the present work is to study the effafct
presence of NUGs on the restoration of network unde
CLPU in a DG-integrated distribution system.

The main reason for occurrence of CLPU condition is The gpproach adopted in the prop_osed scheme for
restoration of a network under CLPU is based oml loa

the loss of diversity among the loads. Howevertha ) .
modern days of in}t/egrate(? power system mosi of thecurtanment. The loads are curtailed to restartrigigvork
high priority loads such as hospitals, and comnagrci and then are restored in step-by-step manner as the

complexes etc. prefer to have their own DG plants t loading gft:]h? nﬁtmorlr elgszer;lts dter(]:ayijs vathdtlrmgsbl
meet their demand during outages. These non-utility ass(;JTefCL?:S 21e 0ads Eolw de 'ehal}\/jeUGegph'nh
owned generators (NUGSs) are operated in rollovedano model o [21] except the loads wit » Whic

and they conserve load-diversity during CLPU caadit are supplied duri_ng outage and maintain th_eir aityer
thereby reducing the total load requirement duringSome predetermined step-points are considered @n th

restoration. This paper studies the effect of preseof :oag p;]rog:jg, r;\nd cqrrespondnr:g Iocauonds for p.pﬂl ml
such NUGs in distribution network during restoratio oad shedding/restoring at each step are deter

under CLPU condition, and proposes a scheme toreest the. help of .GA' Main objectlye s to determine the
the network quickly by making use of the diversity optimal locations for load curtailment, and the .smtce
conserved by NUGs. The scheme is demonstrated on 8f restoration of loads as to achieve maximumagtilon
33 bus, 12.66kV radial distribution system. Theuhss of the existing network capacity.

obtained for the network with and without incorpaya Methodology

of NUG are compared, and quicker restoration of the

network was achieved. The enduring phase of CLPU condition persists for

much longer period and causes excessive loading on
CLPU Mode substation transformer, current violation in theders,
Variety of models for CLPU condition with various aptlj( \éoltage. V|olat|ont-at }he buses. Hencteh, tloacldls tﬁr
approaches is available in the literature [15]-[21] picked ‘Up In an oplimal sequence so that a €
operational constraints could be satisfied [3]. ldwoer,

However, in the present work, the delayed exponen : . )
model has been considered [21]. The model charaeser tloads connected to NUG. are bemg suppheo! durireg th
outage, and they maintain their diversity, hence

CLPU condition as an exponential function with gela "
P v contribution of such loads to the total load demand

4 remains constant during pre and post outage period.
Here, the methodology is to determine the optiroadl
shedding locations and restore the network in steps
besides the inclusion of effects of NUG.

Consider load at bus switched ON at time stef, if
this load is not connected with NUG during outage
period, then it follows CLPU profile given by (2.an
restoration, else the load diversity is consenzH)( and
this aids the process of network restoration.

| SO=§H§- 9 € (v)T
: 0= 1m

Time in hours

Load S(t) in p.u

(2.a)

v

S()=§ 0Oj=1..m (@b
Fig.1. CLPU model represented as a delayed exponent
Here, m is the total number of distinct discrete step-
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points considered on the CLPU load profile, and thefor different outage-duration, and pre-outage andt{

corresponding timing instants can be evaluated {{®m

T =—1In

J (S];%J +AT, Oj=1.m (3)
a (-3

outage loading conditions. The maximum un-diveesifi
load for different diversified loads and outagealiom is
also reported, and the maximum supplying limits for
one-hour outage with different pre and post outage
conditions have also been determined [6], [22].

TheS'is loading corresponding to predetermined step Weights considered in (5) reflect the relative ptjo

point j considered on CLPU model as shown in Fig. 1

Here, in the case study presented in next sedtieset
are considered as given in Table 1.

Problem Formulation

The main objective here is to minimize the load
curtailed at each step while restoring the netwaldng
with minimum switches being operated. This is secaf
nonlinear combinatorial problem with  multiple
objectives. This multi-objective optimization prebi is
converted to a single objective problem with thép hef
suitable weights, and the mathematical formulatidn
the problem is expressed as (5).

+W, S, + W, SW

Min f=W_

(5)

Objective function given by (5) is subjected to
operational constraints as mentioned below.

All the power flow equations of the network should
be satisfied

The utility voltage at each load bus should be with
permissible limit (Utility's standard ANSI Std.
C84.1-1989) (£5%).

Vmin s V| < Vmax1 (6)
0i O{buses of the netwo}k
. In a feeder or conductor, current cannot be

increased beyond a specified limit, which is dedide
by thermal capacity of the conductor.

| < Rated
i="i ’_ (7
Ui C{branches of the netwdy

Here, I; ® is current permissible for brandh

within safe limit of temperature.

The total power supplied to the network must be
within the substation transformer capacity limit. |
the proposed scheme for network restoration,
maximum loading of the transformer is considered
as the loading limit of transformer for no additibn
loss of life.

Sryax < Krm XSy (8)

Loading limit of the forced air-cooled transfornfer

of each term present in the objective function. The
weights act as the penalty to be imposed in case of
violation of constraints. However in the presentrkyo
the weight is also used to convert multi-objective
optimization problem to a single objective problem.
Since the main objective is to achieve a small Gtyaof
loss of load, heavy penalty is imposed to the fiesin.
The second and the third terms in the objectivetion

are steady state security constraints, and heavglpes
are applied in case if these limits are violatedurkh
term is of slightly lesser significance in compariswith
second and the third, as the distribution transérsnare
rated for a short period of overloading with noaovery
nominal loss of life. Varying these weights candlida
alternative solutions.

Genetic Algorithm

Genetic algorithms are the computerized search and
optimization algorithms based on the mechanism of
natural genetics and selection [23], [24]. These
algorithms work with a population of possible saus,
rather than a single point as in conventional ojztion
techniques. The population of possible solution
continuously undergoes the process of natural dmng
such as selection, crossover and mutation finalbrtive
with a global optimum solution. In the present sesh
work, binary encoding system has been successfully
adopted owing to its simplicity of representationda
ease of understanding. The length of the encoded st
is equal to the total number of buses in the systam
each bit of this string represents the status efltdad
connected at that bus. GA here uses roulette wheel
selection, one-point crossover and bit-wise mutatio
along with elitism preserving mechanism [23], [24].
Maximum number of generations is used to terminate
GA.

The algorithm designed for the determination of the
optimal locations for load curtailment/restoratiaa
explained as follows.

Algorithm

Some load-points are considered on the CLPU profile
these load points actually represent the steps of
restoration. Following is the computational flowr fo
designed algorithm using GA, applied for a loadApoi
which determines the load shedding locations
corresponding to that load-point. The applicatidriie
algorithm for each restoration step enables to kttoav
optimal sequence of restoration of the loads.

a delayed exponential CLPU model has been explained
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INPUT : Pe s Geax » BB W N 10.0 for number of switching operations.
?e”?fate_fa'(‘;dom populatio, ofR,. The proposed scheme utilizes a delayed exponential
= < . . . .
or(i=1:i<Gey, ) model as explained in section-1. The associated

trj=1; 3
s\?V hgle(j < Poize) parameters to the model are takeruasl hi', AT= T,-

set: k=1; T,=30 minutes, $ 2.5 p.u., and §1.0 p.u., and Ky
While k< N) =1.50. Time instances and loadings corresponding to
Update®j) by eq. (2.a); it bus k each step of stepwise restoration of the netwoek ar

not connected to NU@
Update P (j) by eq. ®); //if bus k
connected toNUG//

illustrated in Table 1.

k++; 4. RESULTS AND DISCUSSION
end While Th . bl . li
Evaluate P, (j) from eq. (5) e current restoration problem is a nonlinear
j+ o+ combinatorial problem and GA has been used to obtai
end While . the optimal solution. GA is applied with different
/*Apply genetic operators as below/ population size: 60, 80, 100 and 150, and the tesstit
Select(P); //Subroutine for Roulette whee obtained has been reported her_e. Th_e correqummg
selection // convergence curve for step-point-0 is shown in ZFig.
Xover(P); //Subroutine for one- point The following are the considered GA parameters
crossover // . .
Mutate(P); /Subroutine for bit wise Population size: 100
mutation // Crossover rate: 0.8
Elite(R ,P, ); /Subroutine for elitism // Mutation rate: 0.05
o iJfrO+r; /llncrement generation countef/ Maximum no of generations: 50
OUTPUT : Optimal Switching locations %
3. CASE STUDY 24t

The proposed scheme is illustrated on a 33-bu$612. f oo
kV radial distribution network [25] with a substati
transformer capacity of SMVA. Under CLPU condition,
most of the system buses violate the lower voltagi,
and hence to effectively utilize the permissiblaga of
the utility voltage, the substation voltage has rbee
considered as 1.045 p.u.. It is considered than¢teork

n
(=]
T

=
©
T

=
o
T

Fitness function value ---

is initially compensated for reactive power throute 1l

optimal placement of capacitors at buses, and the

corresponding values are given in Appendix-I [2]. O 1w » 2w » 0 & %
order to illustrate the effects of presence of NUIB$s No. of Generations -—-->

assumed that NUGs are present at buses 14, 1hd5 a

30. Fig.2. Convergence curve of GA for step-point-0 afase-2

Table 2 shows the results obtained for stepwise
restoration of the network in both the cases, witho
Step-point|| Time Elapsed| Description of Step NUGs (Case-1) and with NUGs (Case-2). It is clbat t

Table 1. Values of time elapsed for the step-points

) in Minutes point/(S’) during step-wise restoration of Case-2, restoratién

| 1 ” 120 ” Outage durati0n| network takes place in step-point 3 against stéptgb

- for Case-1. Also, the number of loads being disected

0 (Restart) 0 Startzo;(lj?estoratlo is lesser in all the steps in Case-2. This is ryaiecause
0Xx$% of the reduction in the total load demand owing to

| 1 || 54.33 || 20x 8§ | conservation of diversity of loads connected witb®
| 2 || 95.92 || 150xS | during c_)utagedperit?d.hTLle graphicr?l visw of stegaNi .

restoration under both the cases has been presinte

| s ” 137.51 ” 125 xS | Fig.3 and 4; the load supplied by NUG during theaga

| 4 I 192.48 || 110x$ | is also shown in the figure. The expected loadasgmts
| 5 || 234.07 || 1.05 xS | the required load to be restored for the complete

restoration of the network corresponding to thedioa
points. The analysis was conducted by self deeslop
codes written in MATLAB-R2006a package, on PC with
Intel P-1V processor of 2.0 GHz clock frequencyd éine
average CPU execution time pertaining to Case-1 and

The typical values of weights applied in the objext
function for the present case-study are: 75.0 ferlbst
load, 500.0 for the current violation, 10000.0 tbe
voltage violation, 50.0 for the transformer viotatj and
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Case-2 has been reported in Table 3.

Table 2. Results of step-wise restoration of netwkr

Case 1
With out NUGs

Case 2
With NUGs

Step-point; 0

Total load
served in
MVA

7.1292

7.0541

Load at the
buses to be
disconnecteg

7,8,12,13,17,18,31,32,

3314,16,18,29,3}2

Total
number of
switching
operation

Step-point; 1

Total load
served in
MVA

6.6940

6.2166

Load at the
buses to be
disconnecteg

12,13,17,18,31,32,33

14,18,32

Total
number of
switching
operation

Step-point; 2

Total load
served in
MVA

5.7207

5.2726

Load at the
buses to be
disconnecteg

17,18,32

14,18

Total
number of
switching
operation

Step-point; 3

Total load
served in
MVA

4.8092

4.7846

Load at the
buses to be
disconnecteni

17,32

Nil

Total
number of
switching
operation

Nil

Step-point; 4

Total load
served in
MVA

4.6994

3.7631

Table 3. Average CPU Time per Step-point

| || Case-1 || Case-2 |

| CPU Time (in sec./stef})231.03 || 217.43 |

12 4 —a— Restored Load without NUGs

---m--- Expected Load

10 %

Load in p.u.

Step-point

Fig.3. Step-wise restoration of network in case-1

---a--- Expected Load —-x--—Load Supplied by NUGs —a— Restored Load with NUGs

10 4

Load in p.u.

Step-point

Fig.4. Step-wise restoration of network in case-2

The presence of DG in distribution network also
improves the reliability indices of supply. For the
purpose of illustration, a case has been considehede
the total connected load is equal to substation
transformer capacity. An average load per custoofier
2kW is assumed and reliability indices are evaldiate
The number of customers restored under both thesdas
presented in Fig.5, it is evident that more numobgr
customers are restored in Case-2.

A considerable improvement in the reliability inetsc
has been observed in Case-2. To support the peviou
statement, few of the basic customer oriented biitia
indices such as System Average Interruption Dumatio
Index (SAIDI), System Average Interruption Frequenc
Index (SAIFI) are evaluated and given in Table 4.

Table 4. Evaluated Reliability Indices

| Index || Case-1 || Case-2 |
| SAIDI (min/customer)||  181.07 || 147.39 |
| SAIFI (int/customer) || 1.649 || 1.331 |
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2250 - -~--Case-l —+—Case2 T, Initiation of decay towardSy

w0 | e T u(t) Unit step function
L 1750 ] ﬁ_gifil \¥, Sum of the ratios of bus-voltage violations to the
R e N ! limiting value
¢ Wy Weight forly
§ == Wl oad Weight for ratio of lost load over total load
g Wey  Weight forsw
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e e, Measurement and RTU Placement for State Estimatioby
W -
LQ % Loop Decomposition
}"’r% Thawatch Kerdchuerand Weerakorn Ongsakul
a,9

Abstract— This paper proposes a novel loop decomposition technique for optimal measurement and RTU placement
for power system state estimation. Loop decomposition is based on the |oops of system topol ogy, which does not require
the reduced measurement graph. The power injection and power flow measurement are properly installed at buses and
branches which make the system observable considering single measurement loss and critical measurement pair free.
The optimal number of measurement pairsis equal to minimum number. The minimum number of RTUs is equal to the
number of power injection measurement pairs. The observability and critical measurement on the 10-bus, |EEE 14, 30,
57 and 118-bus systems are checked by PO observability analysis and residual analysis respectively.

Keywords— Critical Measurement Pair, Loop Decomposition, Obsrvability, Single Measurement Pair Loss.

bus, IEEE 14, 30, 57 and 118-bus systems consglerin
1. INTRODUCTION single measurement pair loss. The system is decssdpo
according to system topology. Then, the injectionl a

Power system state estimation Is useq to estmiruie_t flow measurement pairs are installed to handlesamyle
steady state system conditions using the onlinepne,qrement pair loss. The absence of critical

measurements. Measurement placement is to pravele t oaqrement is verified by the residual analysis.
sufficient system data for state estimator. Thedoeate

measured system conditions may lead to insecute sta2 MEASUREMENT PLACEMENT
operation. FUNDAMENTAL

Measurement placement should be sufficient to makel_he weight least squares (WLS) state estimation
the system observable for running state estimdtfiefl. weig : d
equations relating to the measurements and the stat

Moreover, the number of measurements should be
R . . . .. vector are
minimized for investment cost savings. The heuristi
approach presented the measurement placement in
measurement graph [5]. It considers a single
measurement pair loss while the system is still
observable. This single measurement pair loss resjui
an additional measurement pair. Bad data or gross e ) .
in any single measurement pair of a system wittioet ~ Wheréz =Hx+e is the measurement vector| is the
critical measurement pair can be detected [6-8fe Th (MxN) Jacobian matrikl =oh(x)/ox, X is the
critical measurement pair is identified by residual (Nx1) system state vector,R is the diagonal
analysls. However, the measurement graph is 0% pvariance matrixh(¢) is the (mx1) nonlinear function
complicated to construct. In [8], although the ) )
measurement placement without critical measurerisent VECtor, € is the (mx1) measurement error vectom is
considered, the genetic algorithm for optimizatisn  the number of measurements, &hdis the number of
required. Decomposition technique [9] has been frsed buses.

measurement and_ phase measurement unit _(.PMU) In case measurement pair PQ is used in power system
placements in multi-area system. This decomposigon ndH matrix is block diagonal, the observability

used to make subsystem areas observable before dag%blem can be decoupled i@ observability an@V
from each area is synchronized by the global posiig

system (GPS) satellite trans-mission. observability. A power system is defined toRiE(QV )

In this paper, loop decomposition technique is used ©Pservable with respect to a measurement set Klihe
minimize measurement and RTU placement on the 10(|-|QV) matrix is of rankN —1(N) [1, 5]. Therefore, the

J(X) =(z-Hx)"R™(z- Hx) Q)

critical number of real and reactive measuremeinspa
is(N-1) [5] and additional one of bus voltage

magnitude measurement at any bus.

"T. Kerdchuen (corresponding author) is with the rgpeField of
Study, Asian Institute of Technology (AIT), P.O.»B4é, Klong Luang,
Pathumthani 12120, Thailand (e-mail: st101454@athy and also is

with Rajamangala University of Technology Isan, Natratchasima,  Single Measurement Loss Contingency
Thailand.

W. Ongsakul is with the Energy Field of Study, Alhailand (e-  For single measurement pair loss contingency, amgfes
mail: ongsakul@ait.ac.th). injection or flow of real and reactive measuremgair

9



T. Kerdchuen and W. Ongsakul / GMSARN International Journal 1 (2007) 9 - 12

can be lost from the power system. This loss is tdue
either communication failure or measurement failure
When a single measurement pair is lost, the erdireof
measurement observability matrix is deleted. Thhka,
reduced measurement matrix
observability.

Critical Measurement | dentification

If a single measurement pair can be lost from ey
system, the system is considered as critical measemt
free. In the absence of critical measurement irpthser
system, the bad data in any single measurementaair
be detected. The residual vectoris defined as the
difference betweerz and the corresponding filtered
guantitie = HX . The residuals in terms of the elements
of matrixE as follows

r=z-z=z-Hx=z-H(G"'H'z)

=(-HG ™H "y =Ez @)

whereE =1 -HG ™M T, Z is a unity vector [6] (This
simplification is based on the fact that critical

does not overlap with each other.

Step 2: Power injection measurement pairs are glace
at the boundary buses of the loop. The boundaryidus
the bus whose branch is incident to other busesidmut

is used to determine[he loop

Step 3: Power flow measurement pairs are placed at
the internal branches near injection measuremest bu
which are incident to other buses without powegdtipn
measurement pairs. There should be only single powe
flow measurement pair connected to the same irterna
bus.

Step 4: At the radial bus outside the loop, power
injection measurement pair is placed at all bused to
the end bus and power flow measurement pair iseglac
on the branch near injection measurement bus intide
the end bus.

Step 5: Place the injection measurement pairslat al
buses of the line with intermediate buses inside or
outside the loop.

Step 6: Power flow measurement pairs are placed at
the branches near injection measurement bus irictden
the external buses which are not associated witkerot
loops. There should be only single power flow

measurement is independently of the measuremeninéasurement pair connected to the same external bus

values) andG =H'H is a gain matrix. Therefore, th® i
component of the residual vector is calculated by

(i)=Y EG.K) &)

For eacle(i) of the measurement sety{f) andE(i,i)
are zero,z(i) is defined as a critical measurement [6-8].

3. LOOP DECOMPOSITION AND
MEASUREMENT PAIR PLACEMENT

Step 7: Check observability with single measurement
pair loss and critical measurement pair identifarat
Remove single measurement pair one by one foresing|
measurement loss consideration to checkd
observability. Also the critical measurement padr i
identified by residual analysis. If unobservabletical
measurement pair exists, find the bus without iigec
measurement pair and replace the incident flow
measurement pair with the injection measurement pai
Repeat this step until the system is observabl¢her
system is critical measurement pair free.

RTU placement:

This procedure is to reduce the number of required

The rationale behind loop decomposition is that theRTUs.

power flow measurement pair loss can be handled by

injection measurement pair. Also the power injattio

measurement pair loss can also be handled by powe

flow measurement pair and the adjacent power iigject
measurement pair. The decomposition loop is aegfiat

trial and error method used to properly place those
measurement pairs. To make the system observabl
the
loop

loss,
the

considering single measurement pair
measurement and RTU placement in
decomposition procedures are as follows.

Measurement pair placement:

This procedure is to optimally place the measurémen

pairs for making the number of measurement paitsileq
to number of system buses so that the system
observable with single measurement pair loss. Th
procedure starts with the system loop decomposition

Step 1: Decompose a power system topology into

either a single or multiple loops of subsystemshdaop

10

Step 8: For the line with intermediate buses inside
ach loop, an injection measurement pair is regdldgea
low measurement pair near to the adjacent injactio
measurement pair bus to minimize the number of powe
injection measurement pairs inside the observate |
8onsidering single measurement pair loss. Keep
repeating this step until every buses with injattio
measurement pair inside observable loop is coresider

Step 9: For the line with intermediate buses betwee
the loops, an injection measurement pair is repldgea
flow measurement pair near to the adjacent injactio
measurement pair to minimize the number of power
injection measurement pairs considering single

.measurement pair loss. Keep repeating this stepp unt

Severy buses with injection measurement pair is

considered.

Step 10: For the bus with injection measurement pai
and without flow measurement pair on the incident
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branches, the injection measurement pair is reglagea
flow measurement pair near to the adjacent bus with
injection measurement pair to minimize the numbker o
power injection measurement pairs if observableeKe
repeating this step until every buses with injattio
measurement pair and without flow measurementgrair
the incident branches is considered.

4. LOOP DECOMPOSITION RESULTS

The final measurement pair placement for the 10-bus
system [5] is illustrated in Fig. 1. The optimalnmoer of
measurement pairs and installed RTUs at buses B2, B B12 B13 B14
B6 and B9 considering single measurement pair i®ss
shown in Fig. 2 (a). One loop decomposition on the
IEEE 14-bus system with optimal number of
measurement pairs and RTUs considering single
measurement pair loss is also shown in Fig. 2 The
results of loop decomposition method are shownahbl&

1. For the IEEE 14, 30, 57 and 118-bus systemyg,dhe
observable with minimum number of measurement pairs
and reasonable small number of RTUs consideringjesin
measurement pair loss.

(b)

Fig. 2. Measurement pair and RTU placement resalts
10-bus system (b) IEEE 14-bus system

Table 1. Measurement Placement Results of Loop
Decomposition Method

No. of | No. of
No. of F_’ow_er Power No. of
System Injection| Flow
Loops RTUs
(@) Mef’:\s. Mef’:\s.
Pairs Pairs
10-bus 1 4 6 4
——————— 10-bus 2 4 6 4
| B B2 | 10-bus [5] ; 4 6 4
I I IEEE 14-bus 1 5 9 5
l | |IEEE 14-bus [8] - 5 9 5
: : IEEE 30-bus 3 11 19 11
| | IEEE 57-bus 5 30 27 30
L—sl_ 27 1 IEEE 118-bus 12 45 73 45

S
I ) In Table 1, even thought the number of measurement
<& Power Injection M easurement Pair pairs and RTUs are the same as [5] and [8], the loo
B Power Flow M easurement Pair decomposition technique is fast and easy to impheme
5. CONCLUSION
(b)

Fig. 1. Measurement pair placement for 10-bus gyste "€ loop decomposition is fast in placing  the

(a) one loop decomposition (b) two loops decomjmsit measurement pairs and RTUs in the system consgierin_
single measurement pair loss. The measurement pair

placement contains no critical measurement. Testite
on the systems indicate that loop decompositioridcou
result in the minimum number of measurement paics a
reasonable small number of RTUSs, leading to investm
cost savings.
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e e, Reliability Evaluation of Micro Hydro-Photo-Voltaic Hybrid
W - . P
$ 5 % Power Generation Using Municipal Waste Water
}"’r% R.K. Saket, R.C. Bansal, and K.S. Anand Kumar
a,9

Abstract— This paper describes a technology based on mundicijpaste water for electric power generation and
evaluates the reliability of the micro-hydro-phatoktaic (MHPV) hybrid power system using Gaussigstridbution
approach and flow duration curve (FDC). Reuse ohitipal waste water of the city can be a stabléaiion proof,
economical, reliable and renewable source of eleityr The hydro potential of waste water from camity flowing
through sewage system has been determined to prad&®C by ordering the recorded water flows. $aviactors
such as design pressure, the roughness of thespip&rior surface, method of joining, weight, easenstallation,
accessibility to the sewage system, design lifénter@ance, weather conditions, availability of ni&tk related cost
and likelihood of structural damage have been abersd for a particular penstock. A MHPV has beeoppsed to
provide reliable electric energy to Banaras Hinduilkrsity (BHU), Varanasi (India).

Keywords— Flow duration curve, micro-hydro-photo-voltaic hybrid power system, municipal waste water, reliabiliy
evaluation.

and a reasonable height of fall of water, calles tbad.
1. INTRODUCTION Another advantage of using water resources is that
hydraulic works can be made simple and large
constructions, such as dams, are not usually red(ii]-
[5]. When dams are necessary, they affect lesstheaa
in lower zones because of the steepness of thairterr
) i ) Dams, which exploit the kinetic energy of water by
not new, its W|<_je a_pphcatlon_to small_wat_erfallsda raising small quantities of water to heights througe
ot_her potential sites IS New. It |s_bes_t Suitedhigh f_alls use of regulated pressure valves, can provide vater
with IOV.V volume_, which oceur high valleys_m the  Gomestic uses and for agriculture in areas that are
mountains. SHP is the apphc_anon of hydroelecmnwer moderately higher than adjacent water courses.
on a commercial scale serving a small community and Generally, in an autonomous hybrid power systi,

are classified by power and size of waterfall. A \ingismall-hydro power generators are the main
generating capacity up to 10 MW is generally ageept qnqtityents of the system and are designed tcatepar

as the upper limit of sm.all hydro, aItho_ugh thisyniee parallel with local diesel grids. The main reasans to
stretched upto 30 MW in some countries. Small hydro .o aconomic benefit of no fuel consumption by
can be further subdivided into mini hydro, usually \ing/hydro turbines, enhancement of power capaaity
defined as less than 1.0 MW, and mlcrp-hydro WIECh et the increasing demand, to maintain the coityiod
less than 100 kW [1], [2]. Hydroelectric power fet supply in the system, etc. Wind/small-hydro systiem

technology of generating eI_ectric power from _the highly fluctuating in nature [6]-[8] and may affete
movement of water through rivers, streams, a_ndsnde quality of supply considerably and even may danthge
Water IS fed via a channel to a turbine where "k_& system in the absence of proper control mechanism.
the turbine blades and causes the shaft to raiatdich Main parameters to be controlled are the system

generator is connected which converts the motiothef frequency and voltage, which determine the stahiiitd
shaft into electrical energy. Small hydro is often quality of the supply.

developed using existing dams or throggh. developmen *,, 2 power system, frequency deviations are tyain
of new dams whose primary purpose is river and lakey,e {5 real power mismatch between generation and
water-level control, or irigation. A small-scale yomand, whereas voltage mismatch is the sole itutica
hydroelectric facility requires a sizeable flow whter of reactive power unbalance in the system [9], [10]a
power system active power balance can be achieyed b
controlling the generation i.e. by controlling tlfieel
"R.K. Saket (corresponding author) is with flectrical Engineering Input to _the diesel _electrlc unit and this methscalled
Department, Institute of Technology, Banaras Hinduiversity, automatic generation control (AGC) or load frequenc
Varanasi (India). E-mail: saketrk@yahoo.com. control (LFC). Another method of controlling the
R.C. Bansal is with the Electrical and ElectronkEsgineering frequency of hybrid system is by means of Commglli

Division, School of Engineering and Physics, Thevdrsity of the : :
South Pacific, Suva, Fiji, email: rcbansal@hotroaih the output power which includes dump load control,

K.S. Anand Kumar is with the University Workseartment, ~ Priority load control, battery energy storage (BES)_
Banaras  Hindu  University, Varanasi  (India), E-mail: flywheel storage, pump storage, hydraulic/pneumatic

anand_kumarks@yahoo.com accumulators, superconducting magnetic energy ggora

Small-hydro power (SHP) systems are relatively $mal
power sources that are appropriate in mases for
individual users or groups of users who are inddpeh
of the electricity supply grid. Although this tealogy is
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(SMES), etc. [11]Reactive power balance in the hybrid pressure i.e. the roughness of the pipe’s intemioface,
system can be obtained by making use of variablemethod of joining, weight, ease of installation,
reactive power device e.g. static var compens&wiC| accessibility to the site, design life, maintenaneeather
[12]-[15]. conditions, availability, relative cost and likedibd of

Micro-hydro power system using waste water from structural damage [3]. The pressure rating of the
community neither requires a large dam nor is landpenstock is critical because the pipe wall musthiek
flooded. Only waste water from different parts o tity enough to withstand the maximum water pressure
is collected to generate power which has minimum otherwise there may be a risk of bursting. The sres
environmental impact. After proper treatment waian of the water in the penstock depends on the héwd, t
be provided to farmers for irrigation purpose. Micr higher the head, the higher the pressure. The most
hydro power using waste water of sewage plant @n o commonly used materials for a penstock are milélste
a stable, inflation-proof, reliable, economical and high density poly ethylene (HDPE) and unplastified
renewable source of electricity. This technologg heen  polyvinyl chloride (UPVC). The uPVC exhibits exasit
designed and implemented at Institute of Technqglogy performance over mild steel and HPDE in terms a$te
BHU, Varanasi (India). This paper presents a newfriction losses, weight, corrosion, and cost, etc.
renewable resource of hydroelectric power generatio
using waste water from community of the city.

(b) Selection of turbines

2. SELECTION OF BASIC COMPONENTS OF Turbine is connected either directly to the gerwerat

SYSTEM . X

via gears or belts and pulleys, depending on tlemdp
The principal components of the micro-hydro power required for the generator. The choice of turbiapehds
system using sewage system are shown in Fig. 1mainly on the head and the design flow for the pesul
Interconnection of the micro hydro and PV system fo micro-hydro power installation. The selection also
reliable operation of the hybrid plant is shownFig. 2. depends on the desired running speed of the generat
A tailrace and solar pump through which the wager i To adjust for variations in stream flow, water flaw
released back of the sewage storage plant to nrainta these turbines can be controlled by changing nosizks
head of the water according to flow rate v/s dorati or by using  adjustable nozzles. Turbines usethén
curves is shown in Fig. 3. The basic components ofhydro system can be classified as Impulse (Pekargo
typical hybrid micro-hydro power plant using waste and Cross flow), Reaction (Frencis, Propeller, and
water from community are as follows: Kaplan) and Waterwheels (undershort, breastshot and
overshot). Typical efficiency of Impulse and Reauwti

* An intake or weir to divert stream flow from turbines range 80-95% and for Waterwheels it ra2ges
different parts of the city. 75% [3]

» A sewage line to carry water flow to the forebay
from the intake of the system.

» A forebay tank and trash rack to filter debris and (c) Selection of generator
prevent it from being drawn into the turbine at the

penstock pipe intake. Induction and synchronous generators are usedwepo
« A penstock pipe to convey the waste water to theplants and both are ava_llable in three phase ajlesin
power source. phase systems. Induction generators are generally

« Civil work components viz. head work, intake, @Ppropriate for micro hydro power generation [1].
headrace canallsewage lines, forebay/sewagdnduction generator offers many advantages over a
reservoir tank, penstock pipe, power house andconventional synchronous generator as a source of
tailrace with back up system. isolated power supply. Reduced unit cost, ruggesines

« Power house components (turbines, generatorsPrUSh less (in squirrel cage construction), redLm_led,
drive system and controllers). A water turbine absence of_ separate DC source and ease of mainggnan
converts the hydro energy into mechanical energys_elf-protectlon against severe overloads an_d short
that drives a generator (induction, synchronous orCircuits, are the main advantages [16]-[2Chpacitors
permanent magnet AC generator. which generate'® used for excitation and are popular for smaller
electrical power and an automatic control systems that generate less than 10 to 15 kW. All
mechanism provides stable electrical power usingd€nerators must be driven at a constant speeceraje
municipal waste water of the city. steady power at the frequency of 50 H;. The twee pol

generator with a speed of 3000 RPM is too high for

practical use with micro hydro power system. Th&Q5

RPM, four pole genitor commonly used. Generator

operating at less than 1000 RPM becomes costly and

bulky and to match the speed of the generator ¥ lo
speed of the turbine, a speed increasing mechagusim

The penstock is often the most expensive item & th as belt and /or gear box is required.

project which may cost upto 40% of total projecstco

Several factors should be considered when deciding

which material to use for a particular penstockigies

e Transmission and distribution network from
generating plant to load centre.

(a) Selection of penstock pipe

14
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Fig. 1. Principal components of micro-hydro power gstems

Fig. 2. Interconnection of the Micro Hydro and PV gstem for reliable operation of the hybrid power sgtem

15
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Fig. 3. Solar pump for recycle waste water from thelown stream to upstream storage reservoir

3. MEASUREMENT OF POTENTIAL POWER

WITH VARIOUS HEAD AND WATER FLOW
RATES

The theoretical amount of power available from aroni
hydro power system is directly related to the floate
(Q), head (H) and the force of gravity (g) as gibetow,

Ph =QxHxg 1)

To calculate the actual power outpuj)Ffrom micro-
hydro power plant, it is required to consider foot
losses in the penstock pipes and the efficiencyhef
turbine and generator. Typically overall efficieexifor
electrical generating systems can vary from 50084
with higher overall efficiencies occurring in higtead
systems. Therefore, to determine a realistic pawgput
as shown in Table 1, the theoretical power must
multiplied by an efficiency factor of 0.5 to 0.7p#nding
on the capacity and type of system as given below.

Table 1. Typical power output with various head and ater

flow rates
Head Flow rates (Ips)
(m)
10 [ 20 |40 [ 60 | 80 | 100
Power output (W)
1 49 98 196 294 392 490
2 98 196 | 392 588 784 980
4 196 | 392 | 784 1176 1568 196{
8 392 | 784 | 1568| 2352 3136 392
10 490 | 980 | 1960| 2940, 3920 490D
15 735 | 1470 2940| 4410 5880 735D
20 980 | 1960 3920| 5880 7840 980D
30 1470| 2940 5880 8820 14112 17640
40 1960| 3920 7840| 14112 18816 23520
60 2940| 588(0 1411p 21168 282p4 35480
80 3920 784(Q 18810 28224 376B2 47@40
90 4410| 882(0 21168 31782 42336 52920
100 | 4900| 9800 23520 35280 47040 58800

16

Pa =Q xHxgxe (2)

where e = efficiency factor (0.5 to 0.7).

4. FLOW DURATION CURVE AND ENERGY
CALCULATION

In the paper annual as well as monthly/daily flow
duration curve (FDC) has been obtained for municipa
waste water from community of the city by recording
water flows as shown in Fig. 4 (a). The load dorati
curve (LDC) of the hybrid system has also beeninbth
according to reliability evaluation of the plant stsown

in Fig. 4 (b). The FDC and LDC are used to asses th
expected availability of water flow, load variat®oand
power capability to select the type of the turbamed

egenerator. From Fig. 4 (a) it is seen that, thereai

difference in waste water flow between summer and
winter and this can affect the power output produiog
a micro hydro power system.

7 A

N

Flow Rate (GPS)

o 1 2 3 4 5 6 7 8 9 10 11 12

Months of the year

Fig. 4(a) Typical Annual Duration Cureve of System
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These variations have been considered in the estima
of total energy generation expected from the siith w

recycle of the water using solar pumping system as

shown in Fig. 3. Peak demand as shown in Tables2 ha
been calculated to evaluate the reliability [226][2f the
hybrid power system.

6,

.| \P—\H/
g
g 3
3
2
1
o+
0 2 4 6 8 10 12 14 16 18 20 22 24
Duration (hours)
Fig. 4(b). Typical Load Duration Curve of the Systen
Table 2. Sample load analysis
Fomer | ours| ot | domee
Appliances (W) /day tion otion
(kwWh) (kwWh)
Fluorescent
Lamps 160 8 38.4 460.8
(4 No.)
Colour
Television 140 3 12.6 151.2
(1 No.)
Refrigera-
-tor 500 8 120 1440
(1 No.)
Water
pump 800 15 36 432
(1 No.)
Computer
(1 No.) 200 10 60 720
Total energy consumption 267 3204

5. RELIABILITY EVALUATION OF SYSTEM

The load on the MHPV hybrid generating station
according to load duration curve of the sewageesysb
have a Gaussian distribution for a specified tinterival

is given as follows.

nternational Journal 1 (2007) 13 - 20

Pa-Pa )
1 -0. .
f(Ps) = e { "J 3)
Odvan
The aggregate generation capacity model s

approximated as Gaussian [22]-[23].
1%
e

Ps is known as probability of success and can be
expressed as follows

c-Cc

O¢

1

f(C) = o

(4)

O

o C 05| EC| o PP ’
PS:J J;e [”c}e S(Gd ]dCdFé
—00 —oczmca-d
(5)
Equation (5) can be written as follows [24].

where f3 is given as follows.
C—Pq
1/05 + Gf:

Equation (6) is simplified as follows.

B

B
-] L@

05 o0 )gy

"y = o) )

F

Where, ¢ [B] is the area under the normal distribution
curve having 0 mean and standard deviation [N P11
from - o to B and this value can be conveniently
obtained from standard normal distribution table.

6. RESULTS AND DISCUSSIONS

A MHPV hybrid power system can be reliable and
provide stable electric power. The reliability ofHRV
hybrid power system has been evaluated at different
conditions of the LDC and FDC using a methodology
based on Gaussian distribution approach. The nuzah |
has been assumed 1.0 kVA. The mean capacity and
standard deviation data are given in Table 3.

The standard deviations for both generating capacit
and mean load have been assumed 10% of the gegerati
capacity and mean load respectively. Using thetiogla
(7), the failure probability has been evaluateduassg

generating capacitg = 1.2 kVA as R=0.1013.
Now the generating capacity is increased in stepOof
VA at the fixed value of the mean load at 1.0 kvidda

17
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the probability of failure has been calculated. ivias botho, ando..
plots of failure probability v/s generating capgcére
shown in Fig. 5, selecting the following values thé 7. CONCLUSIONS

standard deviations.
A MHPV hybrid power system is stable, cheap and

capable of producing reliable power because the
head/pressure of the sewage reservoir has been
C i\/ZA i\/z,i) i\?A &\?: Ii\;lA maintained at constant using back up service by PV
pump in summer and winter cycles of the countryiedv
G-=10%| 120 125 130 135 14 methodology has been introduced in this paper yorid
— oMo generating system reliability evaluation using eliént
Cc=20%| 240 250 260 210 28( load and generation models. The evaluation of lufss
0. =15% 180 187 195 202 21( load probability has been based on load generation
models as peak load of the MHPV hybrid power plant
less than generating capacity, failure probability

Table 3. Mean capacity and standard deviation

(a) [6,=10% of L and 6. =10% ofc]= o, negligible; and normal distribution is assumed as
) } generation capacity model and load duration curse a
(b) [0,=10% of L andG-=20% ofC |= O, load models and normal distribution model as gdimgga
- . capacity. Further in all cases it is confirmed thia¢
(c) [0,=20% of L andc-.=10% ofC ] = 04 failure probability of the system increases with an

@ [ 0% of L g ( , increase in variance of load or generation capacity
6,=20% of L and0-=20% ofC ]= 0,
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The various curves are drawn for various
combinations ofc . and 6, as shown in the Fig. 5. It is

observed from curve A and B that for the same
generating capacity of the system, the probabitify

failure with ¢, is more thaw , . This is due to fact that

. . . . . NOMENCLATURE
large uncertainty involved in generating capacity
distribution function. Py = Demand at the generating stations
03 |3d = Average or mean load of plant
G, = Standard deviation of demand
0.25 - C = Capacity of the generating station
C =Mean capacity of the plant
2z %21 6= Standard deviation of capacity
£
g P = Probability of failure of generating station
;0'15 i Ps = Probability of success of generating station
i Pw= Theoretical power output in KW
014 Q = Usable flow rate in is
H = Gross head in m
0.05 1 g = Gravitational constant (9.81rfy's
LOLP = Loss of load probability
0 ‘ ‘ f (L) = Normal distribution

1150 1250 1350 1450 1550 L = Total load in VA
Generating capacity (VA) _ .
Fig. 5. Failure probability v/s generating capacityof ® = Rotational angle
power system ®(B) = Area under normal distribution curve
S = Safety factor
Similarly by observing the curve A and C for thenga  n = Total duration of the study
generating capacity the probability of failure for, is P; = Failure probability for | load level

more thanc; and so on. From the curve D, the failure

probability for any generating capacity is morertifiam
other curves. In summary, the probability of fadur
increases with either increase @f or increase ob. or

18
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e e, Five Level Diode-Clamped Voltage Source Converteof
V" - - -
LQ < Custom Power Device Applications
}"’r% N. Mithulananthan and P. Boonchiam
a,9

Abstract—Custom power devices are the importance to setheesensitive loads from power quality problems.
Especially in medium-voltage grids, the demandsfecuring larger loads has increased significantlystalling of
higher power levels leads to consider the multilex@nverters with an increased number of levels difterent
topologies. Therefore, the five-level diode-clampedverter could be the interesting solution. Tiger presents a
method to allow a short-time stable operation d$ tiepology without oversizing the DC-link capaciémd shows the
drawback of this topology that its voltage levais aot stable for active power transmission andefare the usage of
this converter for custom power device applicatiohlse voltage source converter is simulated inpgbwer system
using MATLAB program.

Keywords—€ustom Power Devices, Power Quality Problem, VoltagSag/Swell, Multilevel Converter, Distribution of
Electrical Energy.

custom power devices, a five-level diode-clamped

1. INTRODUCTION converter seems not a suitable topology. Howeves, t

. ___operation time of custom power device systems igequ
Concerns on power quality problem have come intOghqyt  therefore it may be possible to use differen
attention to many utilities and res_earchers foreaade. capacitances to make this inverter work properiythis
Many literatures devoted to Obt"?"n the methodoltnyy_ paper the derived equations will be explained amel t
find the way to prevent and relieve the power dyali peeqeq capacitances will be calculated. Finallgséh
problem. The custom power had been proposed which,ic\jations will be verified with simulations ohet
concept of custom power gnd power electronic cd)mrq designed system.
distribution areas by using the forced-commutation Fig. 1 shows the basic concept of custom power

switches. _It !ntroduced the custom power solutiofis  jaices For a successful compensation, the custom
power reliability rely on such novel components and

lid o K O@ower devices must be able to detect voltage
systems as Solid State Circuit Breaker (SSCB) andyist rhances and control the converter to prevgainst
distribution ~ static compensator

) (D'S_T_ATCOM)' sags, swells, flicker, harmonic, etc.
Dynamic Voltage Restorer (DVR) and Unified Power

Quality Conditioner (UPQC) [1-2].

Presently new systems for medium voltage grids with
a compensation power of several MW are developgd [3
Even though several inverter topologies were ajread
presented for custom power devices, the H-Bridge
inverter is used in nearly all applications [4]. iGpto
higher power levels for compensating voltage
disturbances in medium-voltage grids leads to thedn
of a series or parallel connection of devices or
converters. One solution is a multilevel invertathwa
high number of levels, especially the five-levebak-
clamped inverter could be an interesting solutimnthis
application. The main drawback of a five-level died
clamped inverter is that it is not feasible for active
power transmission [5], because the capacitor gelta 2. gg/ERLCI:EE/ Elbﬁl\S)EDRE{E;AMPED VOLTAGE
cannot be balanced for all four capacitors withia DC-
link. Since delivering active power is essential tive Main Circuit and Component

HV-Bus

(a) Dynamic Voltage Restorer

During the last 10 years, there has been steadytigro
multilevel converter topology as they can suit the
Nadarajah Mithulananthan af@aisan Boonchiam (corresponding high voltage and hlgh power applications. MUlt”b_Ve
author) are with the Energy Field of Study, Asitmstitute of VSC are the attractive technology for the medium
Technology, P.O. Box 4, Klong Luang, Pathumthari2l® Thailand V0|tage app“cation’ which includes power qua”uyda
(corresponding author to provide phone: 66-2-52885Fax:66-2-524- PR P : o :
6589; e-mailst101633@ait.ac.tandmithulan@ait.ac.th power conditioning  applications in the distribution
system. The most well-known multilevel topologies
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developed so far are shown in Fig. 2. There is eliod
clamped multilevel voltage source converter.

HV-Bus

MV-Bus ;

NC = Ceil( Nindex) (3)
and number of main switching devices is

NSW = Z)Qell( Nindex) (4)

In contrast to main devices, the nominal voltagéhef
clamping diodes is higher than the voltage of anell
Therefore, it becomes necessary to place sevevdesli
in series to achieve the required voltage. If ratelthge
of a clamping diode equals rate voltage of the main
switching devices, a Nerlevel inverter leg needs the
following number of clamping diodes.

}l in
Xl
Fault V‘”V
E D-STATCOM
— v

(b) Distribution Static Compensator

HV-Bus

D.Clamp: (

N l)( N Ievel_2) (5)

level™

example, the five-level DC-VSC needs 4

capacitors, 6 diodes and 8 power switches. Howener,
practice, more diodes are needed due to the voltage
derating of the series connection of up toedN2)

MV-Bus diodes. This fact introduces practical problemshsas

Fault

(c) Unified Power Quality Conditioner

Fig.1 Simplified diagram of custom power devices
connected between supply network and a critical pla

This multilevel topology can generate multilevel
output voltages with low harmonics and reduce ggta
stress on the power electronic devices. In order to
compare the different multilevel topologies, a ditgn
called N,qex is defined as given in Equation (1).

V, c, max
Nindex = \/d— (1)

D, max
whereVyemax IS the maximum dc bus voltage a¥igmax
maximum nominal voltage requirement of the devices.
Fig. 2 depicts one leg circuit diagram of a fivede
diode-clamped voltage source converter. This tapolo
uses clamping diodes to limit dynamic and static
overvoltages for switching devices. The clampingdeis
are connected to taps of dc bus capacitor. In mediu
voltage grids, dc bus voltage is so high therefore
capacitors are connected in series. Diode-clamped
voltage source converter generates different veltag
levels for output voltage in the ranging betweesitpae
and negative of /2. The number of levels N is

Nlevel = CeiI(Nindex)+l (2)

parasitic inductances or package difficulties.

Fig. 3 Principle of a 5-level NPC

Switching Strategy
The most popular and simple switching schemesHer t
diode voltage source converter are step modulatith

) - sine pulse width modulation (SPWM). Assume the
The symbokeil(x) represents the ceiling numbenof  magnitude of the reference sinusoid is 1.0. Compgari

Ningex IS the number battery cell. The number of single petween triangular carrier waves and the references

capacitors Ny is

22
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Each device is only switched twice per period Hg. d B
shows the switching principle for a five-level center. d (a' a )XQ =0 (13)
12
v() The analytical solution of this nonlinear problesads
,/_\\ to piecewise linear functions over the entire matah
/ \ range. For minimizing the third harmonic, they voié
v
| | N
| |
i i \ -t 165
! al 0’2 0’3 0’4 1.4-
Fig. 4 Five-level step modulation switching strateg 120

The first level is turned-on at; and the second level

at a,. To achieve a completely symmetrical switching 08

Theta(rad)

scheme, the switch-off instances has to be 06
T T 0.4}
a,=—-a a,=—-a 6
3 2 2 4 2 1 ( ) 02l
And the switching times for the seconded half-pério o 5 ” o o : -
have to be delayed on T/2. The amplitudes of the ' " Modulation Index '

fundamental sine-wave and the harmonics can be o ] o ]
determined by a Fourier analysis. The decomposiion Fig. 5 Switching angles with minimizing the % harmonics

the function will be in the form
2

f(x) =22+ (g, cos(n)+ R sir( nY) @) Lef — 3rd ]
2 n=1 g 16 5th 4
where sHL oth
1 V4 § 12f
a,nZ—J. f(x)cos(nx) dx (8) %’ 1t AN
7T7” § N AN AR !
5 o8t AN A\ : ' i
17 . R / " e e
a, :_J. f(X)SIH(nX) dx (9) 3 AR - \ ! ‘1 ! \ 1}
]T*II € 0.4 \ ,/ \\ / \ ,/ ! -
< \\ N Y \\ / " |
Because of the symmetry of the output signalago o2y \ V) " ) \J“
.. . . N \ /
coefficient exist and all even harmonids,, kO N, o e - - 5
disappear. The fundamental amplitudlecan be found Modulation Index
as. Fig. 6 Harmonic content of the output voltage
27" 4
b== [ f(X)sin(x) dx=—(coga,)+ coba,))x Vi N
Vg Z!:. n Vi Level B
- T T
) 2 | |
. . \ /’—'\ I
AssumingVpc the voltage of one level. B1 is depended I y* \ !
on two variablesa; and o, and has one degree of v / N Level A
freedom. For example;, and o, can be chosen to 4 [/ |
minimize one specific harmonic. Depending on the i i \
demands of the electrical structure at the outguhe | !
converter, the "8 or the %' harmonics is chosen. The ! ! \ LevelN _ 1o
related Fourier-coefficients are t, L, -
17 . 4 .
:—j f (x)sin(3x) dx:3—( cog &)+ cob 8,))x e Fig. 7 Voltage Waveform of a 5-level NPC.
e 7T

(11)

In order to obtain the desired output magnitude tand
minimize the desired harmonics, the following edrat
set has to be solved:

Fig. 5 illustrates these switching angle and a, and
Fig. 6 depicts the amplitude of the first harmonics
Concerning the harmonic content this method seems t
be the most suitable so far. With an increasingvel
b (m)=mx2x\, (12)  because this introduces new degree of freedom ame m
harmonics can be eliminated.
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T J3 3. FIGURES AND TABLES SIZING OF
arcco{ma EJ Osm, <— CAPACITORS AND ENERGY
_ M7 1 o) V3 2/3 Ratio of Capacitances
a(m.)= arCCO{T+T2 3 af;f} 7T The positive and negative half-waves lead to thmesa
T 23 4 discharge of the two upper and two lower capacitdss
arcco{ma Z] Ty SMes a result, the calculation effort can be reducedrte half

cycle. The calculate the charge, @rawn from each

(14) capacitor, the half cycle between 0 and T/2 isd#diin

T o< <£ two parts. During the first part, the output is yonl
2 sm s T switched between the levels N and tA=([0, t] & [t,,
T/2]). For the duration of the second interviak([ty, t;])

1 3 /3
a,(m,)= arCCO{%T"TZ\/ 36- afﬂzj %5 m S% the voltage level is switched between the levelnd B.
3 The first step is to calculate the borders of thterial,
arcco{ma E] 23 <m < 4 thereforet; andt, must be calculated. These times can be
4 4 4 calculated by considering the fact that, as soorthas

(15) reference voltage elapses the voltage of level &, t
second starts/((t) = Vsin(at) = Vad4). Using these fact
o _ _ two equations can be derived.
Characteristic of DC-link Capacitors

In Fig.3, the equivalent circuit of a 5-level NP@érter t, :larcsi,{ﬁj :lg( (16)
is depicted. The DC-link voltage is divided intoufo 2 n) T

different capacitors, which all have the same ciigace T T

and voltage. Due to the modulation of a sinuscideput t,= Er_tl :EEQIT— X) (17)

voltage the load will be connected to the uppeeghr

voltages (B, A, N) during the positive semi-cycledao where x:arcsir(ij
the lower voltages for the negative half-wave. Huoe a,
subsequent analysis only the positive half-wavasisd,

therefore only the three switching states B, A Bnldave

to be considered.

First, the voltage stability problem of a five-léve
diode-clamped converter will be briefly describedy. 7
shows one half period of the output voltage of the
inverter. As long as the reference voltage) has a
magnitude which is below the voltage of level Agth
output is switched between the two potentials A Bid
therefore, only the inner capacitor is dischargédhe
reference voltage exceeds the value of Level A the
modulation charges and the output is switched bstwe
the potentials A and B. It becomes obvious thattive
capacitors are not discharges equally.

The reason for the different discharge is, thatrther 1

. . . . . . tl
capacitor is constantly discharged during the festni- ﬁ[ﬂm :J'Vm sin(wo [ﬂ) Ht+ J‘ va sin(wo [t) ot (18)
0

Based on these two equations and by comparing the
voltage-sec area of the reference voltage and ugub
voltage, the complete time interval during whicte th
output voltage is connected to leveltd(and to level
B(tg) can be calculated. Within the first section, the
inverter is switched between the neutral point kvl
A. By comparing the voltage-sec areas of the refme
voltage and the output voltage the timg@ tan be
calculated. This is the interval where the outpsit i
connected to level A, as long as the referenceagelis
below the magnitude of level A. This leads to the
following equations (18).

cycle whereas the outer one is only discharged detw 4

L
t; andt,. Hence, the voltage distribution in the DC-link

cannot be kept constant for active power transpmissi = s, [T [(1- cosx )

Consequently, a five-level diode-clamped convectm 2LV,

only be used for active power transmission if akBtae

Back solution is used. Analog to these considerations the other needed tim

Although it is not possible to achieve stable Dle intervals can be calculated. In this case the geksec
with a five-level diode-clamped converter for anstard  area for the section where the reference voltagddse
drive application it could be possible to use ttiiguit level A has to be considered. The titggis equal to the
for the short operation times of custom power desic interval during which level A is connected to thetput
One solution could be a different size of the inmedl the  and durings the output voltage is equal to level B. Thus,
outer capacitor. The disadvantage of different capes  the equations (19) and (20) can be derived.
is, that the DC-link cannot be recharge by one emur

Hence, each capacitor has to be charged separately. 2 A
Since the recharge must not be very fast for custom ths =T[E1——&——m&ost (19)
power devices, relatively small sources can be aseb T TV,
therefore this is no real disadvantage for sucystesn.
t, =T 2V oy X -1 (20)
TV, m
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Finally, the time intervals for level A and B comted
to the output can be derived. This leads to thal tohe
ta during which level A is connected to the output.

20X 4L
ty =ty +lo =TH1-“=+ " ({1~ 2(tosq) | (21
A Al A2 I:E T nwdc[q ) ( )

be compensated up to the maximum voltage of 10%
above the nominal value. Therefore, a higher mditula
index can be chosen to assume a proper functigrelit
the custom power devices. As a consequence, aage/er
value of the modulation index should be used tarass
compensation with the five-level diode-clamped
converter topology. In most custom power devices

To determine the change drawn from the capacitorsapplications the amount of energy needed for the
the load current must be assumed next. To get atwor application can easily be calculated. Thereforejsit
case estimation a pure ohmic load is consideredimportant to calculate the different capacitancesmnf
Therefore, a constant current is drawn from eachthis value by considering the needed ratio deriired

capacitor during the time intervals. Whereas during
charge is only drawn from the inner capacitor, iyt
both capacitors are discharged. Using the currkpit (

I,g) during the two time intervals the charge drawing

from the capacitors can be derived, with @aw from
the outer capacitor and,@om the inner one.

V. . Y
=_det with|,, =% 22
Ql 2R B LB ZR ( )
V. V.. _V, R( tAj . V,
==t +—=t, =—| t,+-2 | withl,, =—= 23
Q2 ZR B 2R A 2 B 2 LA 4R ( )

via the amplitude modulation inder¥V,/(Vy/2)) the
needed quotient of the charges draw from the ctpaci
can be calculated with the following expression.

Q_

q =62_ Zcosx+%n( - 1)

{1 b ]

(24)

equation (24). The stored energy and the needed
capacitors can be calculated with the following atgpun
(25).

V.. Y
Edc=291—2mq+cz)tﬁﬂ (25)
_ 16E, 16E,,
C = 2 = 2,
\Z (1+ 1) Vi (1+0)
q
1 T T T T T T
% I I I I I
s I I I I I I
e I I I I I
g I | I I I I
o 02F-——-t+t At ——A——— -~~~ ———t—— —
8 G N R
%AS 0‘.6 O‘.7 018 O‘.9 :‘I. 1‘.1 1.2

MODULATION INDEX (m)

Fig. 8 Needed ratio of capacitances depending on
modulation index

Since both capacitors will be charged to the same

voltage, equation 13 expresses also the neededitapa
ratio for a constant discharge of the outer andirther
capacitor. It becomes obvious that this quotientedes
on the modulation index, therefore it is not polesito
achieve equal discharge for all modulation indeKahe
modulation index is below 0.5 the outer capacitanitke
not be discharged, because only the level A andilN w
be connected to the output.

Reduced Amount of Energy Needed

The main advantage of different capacitance is the
reduced amount of energy needed for the compensatio
process. In general, the minimum amount of enesgy i
determined by the value needed for a successful
compensation, therefore it can be calculated by
considering the worst case failure and the minimum
compensation time. If a standard design is choden a

In Fig. 8 the derived equation is depicted for a capacitors will be equal, leading to a similar amtoof

modulation index from 0.5 to 1.2. As expected, & lo
modulation index leads to a very large capacitgy C
because for a modulation index below 0.5 the enetitly
only be drawn from the inner capacitor. Therefarégw
index leads to large discharge of the inner capaeind
a lower for the outer capacitor. On the contrarjarge
modulation index corresponds to a long time intema

energy within each capacitor.

Due to the unsymmetrical discharge of the capaxitor
a larger portion of energy is drawn from the inner
capacitors. Consequently, these capacitors will be
discharged quit fast and the semiconductors ne¢aled
block higher voltages. Hence, the amount of enenggt
be increased to avoid these problems. By varyirg th

which the output is switchgd between_ level A and B. capacitances this oversizing can be reduced signiiy,
Consequently, both capacitors are discharged durinthecause the capacitors are designed accordingeto th

most of the period and the needed ratio is appingch
unity.

needed energy during compensation.
Considering the needed size of the inner capacitor

_In view of the fact the custom power devices needs(c,) the needed amount of energy can be calculated. Fo
different modulation indexes — depending on the sagthe standard solution all capacitors will be design

depth and the needed compensation time — it israd$o
possible to achieve an equal discharging. One adgan

equally, whereas for the presented solution thesrout
capacitor will be reduced according to the caladat

f a custom power devices is that the minimum ratio (equation (26)).

modulation index is above 0.5, because shallow sags
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compensations of 300 ms under full load conditif@js
During the 300 ms the voltage difference is stilitg
low, so that the inverter is still operational. Tdfere, it
E= Zgl—u:z 0V + qE&EQ DV was proven that the five-level diode-clamped cotarer
2 2 can be used for an active power compensation with
different capacitances. As already mentioned, tas |
was assumed to be ohmic to calculate the needed
capacitor ratio for a worst-case scenario. Thisudated
E _1+q @7) ratio can also be used for different displacemeaatdfs,
2 to prove this the same capacitors were used fanias
load and voltage sag. The power factor of 0.8.Hig.10

It should be kept in mind that the ratio betweea th the different DC-link voltages are depicted. By
capacitors cannot be reduced too much, because thgPmparing these results to the previous pure oloaid
voltage of the outer capacitor is needed to assure it becomes obV|ou_s that the vpltage difference betw
correct compensation of the load voltage and tbeeef (he outer and the inner capacitors has decreaseds, T
the energy storage in these devices has to becigutfi the prewous_ly described assumption Iead.s to atwors
Various simulations were accomplished to find the C@S€ Scenario and can be used for the design ustar
minimal value for the capacitor ratio for worst eas Power devices based on a five-level diode-clamped
scenarios. In the presented application the lowatiy ~ Converter topology.
realized was 0.4, leading to 30% less energy neémted
the custom power devices application. As a consezpje
the enormous cost for the large DC-link capacitas
be reduced considerably compared to a standardeb-le
design.

EStan dard = 4% ECZ wgc = 2 ECZ D/gc (26)

This leads to the following equation:

EStan dard

6000

4000 ~ -~ -~ -

2000————3————‘ - SR
4. SIMULATION RESULTS |

To prove the calculation from the previous section,
simulations were done with a DVR based on a fivelle

Capacitor Voltage (V)
(=]
|

[

; . . 2000 A AR YA
diode-clamped converter. Fig.9 shows the DC-link | | | | | | |
voltage during a three-phase sag under full load | .~ " 2 . " " 15T 0T
conditions. In this case, the remaining voltag@5&6 of R

. . . | | | | | | |
the nominal voltage with a total compensation poofer 6000 ! ‘ ‘ ‘ ‘ ‘ ‘
10 MW. 01 015 02 025 03 035 04 045 05

Time (sec)

Fig.10 DC-link voltage during the compensation of ghree-
phase sag.

6000 T~

4000 - -~~~ - -

I i T T i
I I I | I
I I I | [
2000****:****‘ - il AT
I
I

5. CONCLUSION

One major power quality problem in distributiondgri
are voltage sags, which lead to production losses i
sensible processes. For medium voltage and higreipow
loads custom power devices are one solution. Sinee
power of the protected loads is constantly incregsi

! new inverter concepts should be examined, i.e.édnigh

! number of levels. Therefore, a five-level dioderyteed
0l 05 02 0% 03 0% 01 o045 05 converter was examln_ed for thls_ application. Thénma
Time (sec) disadvantage of the five-level diode-clamped correr
topology is that it can only be used in a back-#ck
configuration if active power is needed. Otherwite
capacitor voltages will deviate from each other and

At approximately 200 ms, the sag is detected aad th steady-state operati_on is not ppssible. .However, fg
custom power devices starts to compensate thegeolta custom power devices apphca_tlons active power s
From that point on the DC-link constantly dischatge needed, but only for a short time interval.

The ratio of the outer and the inner capacitor .i§, 0

which corresponds to a modulation ratio of 0.75. It REFERENCES
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e e, A Calculation of Neutral Current for Two Step Type Pole in
§" - - - -
$ 5 % Distribution Line
}"’r% K. W. Park, O. S. Kwon, H. C. Seo, C. H. Kim
a,9

Abstract— The one step type pole and two step type polesisgd in KEPCO's distribution system. An unbalanced
current may flow through neutral wire in three-pbdsur-wire distribution system due to unbalanceadl Generally,
power line and communication line are installed cantiguity by effect of topography in Korea. Tostlnd, the
damaged such as electrostatic induction, electrame#ig induction, and harmonic induction will gentrd by induced
voltage and current are occurred in power line asammunication line. This paper calculates the reduturrent in
KEPCO's distribution system using EMTP by composiagous simulated condition. Also, that resultveyified by
vector analysis.

Keywords— One Step Type Pole, Two Step Type Pole, KEPCQO's ditktution system, EMTP.

according to change of time using EMTP/MODELS. In
1. INTRODUCTION addition, to identify an increase and decrease hef t
neutral current in the system composed of two stpp

Korea Electric Power Corporation (KEPCO) .
pole has used vector analysis.

distribution system is using 22.9[kV] Y-connectédete-
phase four-wire at high-tension line _for voltage 5 EMTP / MODELS
improvement and power damage reduction and low-
tension wire boosts the voltage by 220/380[V] three The EMTP (Electromagnetic transient program) is the
phase four-wire system and supplies to customersimulation tool used to simulate the electromagneti
KEPCO's distribution system using combination okon transient phenomenon, and it is one of the moselyid
step type pole and two step type pole. Then, neutraused programs throughout electric utilities.
current can generate by unbalanced current in three MODELS is a symbolic language interpreter for the
phase. The neutral currents on the overhead disitriip EMTP that has recently gained popularity for the
line produce a harmful induced voltage to a electromagnetic transients phenomenon modeling. The
communication line. So, the KEPCO restricts within MODELS provides the monitoring and controllabilij
20% of neutral current compare with normal phasepower system as well as some other algebraic and
current in overhead distribution line. relational operations for programming MODELS iseabl

Due to topography factors in Korea, there are manyto change dynamically states of power system in
areas where the power lines are installed at prioxitm response to the simulated results of EMTP basedpow
the communication lines. In such cases of proximity system[1-2].
both voltage and currents are induced by commubitat In this paper, the EMTP program is used for
lines and may lead to damages such as electrostaticalculation the neutral current. A system model baen
induction, electromagnetic induction, and harmonicsdrawn using EMTP/ATPDraw. Then defined the
induction. MODELS for calculation the neutral current of

In this paper, neutral current of KEPCO's distribution system and connected it with the gyste
distribution system of ‘X S/S Y D/L’ section and ‘&/S model. We obtained the result of neutral current
Z D/’ section, which is composed of one step tpoée calculation after ran the simulation using EMTP.eTh
and two step type pole, was calculated using EMTP.parameters of system models are base on the reabtia
Neutral current of two step type pole have caledat distribution system which are belong to the KEPCO.
more exactly through 12,000 samplings per one cycle

3. DISTRIBUTION SYSTEM MODEL

In this paper, KEPCQO's distribution system of ‘XSS
"K.W. Park (corresponding author) is with Sungkyuakw Y D/L’ section and ‘X S/S Z D/L’ section are target

E”iverggyélsg’g{)°;‘§5§ye°”%?,"?,"' Korea (F;ho;ﬁi +82299-4630;  for calculation of neutral current for unbalancedd as
ax. +82-31- - , e-marns agss@gmal .CO H H B . - 3 H H
0. S. Kwon is with Samsung Electronics CO., LTDyekinggi-do, shown in Fig. 1. In Fig. 1 "XZ 8~44’ section is cpm;ed

Korea of two step type pole and the remaining sections is
H.C. Seo is with Korea Electrical Engineering & @we Research ~composed of one step type pole. The ‘X S/S Y D/
Institute, Seoul, Korea section on the upper portion is designated as PARMd

C.H. Kim is with Sungkyunkwan University, Suwon, égnggi-do,

the ‘X S/S Z DJ/L’ section on the lower portion is
Korea

designated as PART 2. There are total of twenty-fou
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Fig. 1. Distribution System Model

There are total of twenty-four loads connected to current each of the distribution pole of the mosiedtem

PART 1 and PARTZ2, and all loads are three-phask loa
In here, X, Y and Z express place name of the Seibul

shown in Fig. 1, four different types of models eer
formed. CASE-1 is a model which combined entire

in Korea. S/S means substations and D/L meanssections of both ‘X S/S Y D/L' and ‘X S/S Z D/L.
distribution line. So, X S/S Y D/L expresses the CASE-2 and CASE-3 was a model that is expressed onl
transmission line from substation of place X to the ‘X S/S Y D/L’ and ‘X S/S Z D/L’ section respectivel

distribution line of place Y, and X S/S Z D/L expses
the transmission line from substation of place Xhe
distribution line of place Z.

Fig. 2. shows that the structure of one step pyqle
and two step type pole which are being used in KBPC

from the CASE-1 model. In other words, CASE-2 and

CASE-3 were made to examine the changes of neutral
currents between the one step type pole and two ste
type pole ‘XZ 8~44'sections, which is the main psp

in this paper. In CASE-4, even though the modelesys

The left diagram is a one step type pole. Thejs the same as in CASE-1, the difference is that th

transmission lines are connected with a neutrag.wind
right diagram is a two step type pole. The transiors
lines of upper side and lower side are connectéld the
common neutral wire.

Phase-A

Phase-B
Phase-C

Phase-C
Phase-B

Phase-A

We— Neutral Wire — .

(a) one step type pole (b) two step type pole

Fig. 2. Structure diagram of pole type

4. MODEL SYSTEM USING EMTP
To identify the effects and the variations of tteitmal

30

CASE-1 is a model system that does not common the
upper and lower neutral grounding points of the stap
type pole, where as the CASE-4 is a model systexh th
common the upper and lower neutral grounding paints
the two step type pole.

4.1 Load modeling

In order to maintain balance on the three phases, t
value of the load must be same and the load immpedan
can be calculated as follows in (1), the power
consumption during Autumn Season was assumed to be
30% of the maximum consumption amount of the
Summer Season and power factor was assumed at 0.9.
The load impedance was calculated as (2)[3-5].

2

Ziag = (—V; ) x cosé (1)
V 2
— LL 2
ZIoad (PXO3)X 09 ( )

4.2 Line modeling

Depending on the length of the line, there are remb
of different line models including Lumped serieseli
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model, T-equivalent modelg-equivalent model, and
Distribution line model in EMTP. The model distrtimn
system is applicable to short distance line; theeefthe
Lumped series line model was applied.

4.3 Calculation of neutral current

The calculation of neutral current on CASE-1~3 was

used method that is presented to the referencel [&.
calculation of neutral current on CASE-4 was conedc
with the assumption that the upper and lower side a
common the neutral grounding points. The neutral
current in ‘ZX 8~44'section were composed of
EMTP/MODELS and their method of calculation are
givenin (3) ~ (6).

|N1:IA1+IBl+ICl 3)

|N2:|A2+IBZ+IC2 (4)

INEU:|N1+IN2 5)
_ 172

INEU_RMS_ ?'[OINEUdt (6)

where
| s a2 : Phase-A current in upper and lower side

| 515, : Phase-B current in upper and lower side
| c1c,: Phase-C current in upper and lower side
I yin2 - Phase-N current in upper and lower side
| \eu : Total neutral current

| \eu_rws: RMS values ofl g,

5. CALCULATION OF NEUTRAL CURRENT
AND DISCUSSION OF THE RESULTS

5.1 In case of equal upper and lower unbalanced load
ratio

In this paper, from the largest load downwards ache
PART, four loads were selected for the simulation
samples. Simulation was conducted with considerato
the states that the unbalanced ratio must not excee
30[%], the ratio of unbalanced load impedance was
assumed at ‘1.35:1.2:1.0'.

Therefore, the loads, L3, L11, L2, and L7 was
simulated changing depend on the unbalanced Idad ra
in PARTL.

Case in which unbalance has occurred in the two
loads (PART 1-L3.11, PART 2-L11L8) in each
PART

Case in which unbalance has occurred in the three
loads (PART 1-L3.11-L2, PART 2-L11L8:L4) in
each PART

Case in which unbalance has occurred in the four
loads (PART 1-L3.11-12:'L7, PART 2-
L11-L8-L4-L9) in each PART

Above 4 cases were set as EXAMPLE 1, 2, 3 and 4,
and with consideration to load unbalance statetraku
currents were calculated after conducting simutatio
using CASE-1, CASE-2, CASE-3, CASE-4 model
system. The following Figre.3 is the graph showihg
variation in neutral current per unbalanced loddsa

The results of analysis conducted per each points
shows that the neutral current was the largest in
EXAMPLE-4, followed by EXAMPLE-3, and then
EXAMPLE-2. Therefore, the neutral current increaaes
the number of unbalanced load increase.

50
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Fig. 3. Variation of neutral current by the number of
unbalanced load

Each point in Fig. 3 are as follows,

Point A : XZ Point No. 8 in ‘X S/S'Y D/L’

Point B : XZ Point No. 44 in ‘X S/S 'Y D/l

Point C : XZ point No. 8 in ‘X S/S Z D/L’

Point D : XZ point No. 44 in ‘X S/S Z D/L’

Point A+C : Common neutral point of Point Aand C
Point B+D : Common neutral point of Point B and D

5.2 In case of unequal upper and lower unbalanced

load ratio

CASE-4 was tested in this simulation with various

In PART 2, selected loads L11, L8, L4, and L9 was changes of unbalanced load ratio in each phaséeof t

adjusted and simulated.

upper and lower side. This was set as EXAMPLE-5 and

The adjusted unbalance occurrence states of loadfs neutral current was compared with EXAMPLE-1.

impedance for simulation the unbalanced loads ¢immdi
are as follows.

e Case in which unbalance has occurred in the Iarges]sr

load (PART 1-L3, PART 2-L11) in each PART

The unbalanced ratio of upper and lower load

impedance in EXAMPLE-1~4 was made equal but in
EXAMPLE-5, the upper and lower load impedance was

imulated with different unbalanced ratio as shdwn
able 1.
To compare the value of the neutral current of the
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upper and lower load unbalanced ratio when neutralregardless of common the neutral grounding point,
grounding point is common. The ratio of upper and changes of the neutral current becoming the scalar
lower side was based on EXAMPLE-1, which has the of the one step type pole is extremely unlikely.

same ratio. With such basis, the value of the aéutr
current in point A+C and B+D of EXAMPLE-5-1~5 2

. . : M Point A+C
were compared and that is shown as a graph in.Fig.4 B Point B+D

Table 1. Unbalanced load ratio of each phase at EXMPLE-5

Neutral currrent [A]

Ratio of each
EXA_'\!ASPLE Section Load phase "
(A:B:C) .
EXAMPLE | PART 1 L3 1.35:1.2:1.0 )
-5-1 PART 2 L11 1.35:1.0:1.2 .
EXAMPLE PART 1 L3 1.35:1.2:1.0 Example-1 Example-5-1 Example-5-2 Example-5-3 Example-5-4 Example-5-5
-5-2 PART 2 L11 1.2:1.35:1.0 _ _
EXAMPLE PART 1 L3 1351.2:1.0 Fig 4. Neutral current of fea(ih phase by various Uralance
5-3 PART 2| L11 1.2:1.0:1.35 actors
EXAMPLE | PART 1 L3 1.35:1.2:1.0
-5-4 PART2| L11 1.0:1.2:1.35 6. CALCULATION OF UNBALANCE FACTOR
EXAMPLE | PART 1 L3 1.35:1.2:1.0 AND DISCUSSION OF THE RESULTS
-5-5 PART 2 L11 1.0:1.35:1.2

Each of phase current and neutral current in variou
Fig.4 is the case where the unbalanced load rdtio oconditions were measured, unbalance factor wastable

upper is fixed and variation was made only the $oafi be obtained based on such that. The unbalance iaat

lower. based on Electric Facility Standards and its asveho

In Fig.4, EXAMPLE-1 can be noted as the largest. ().
This case shows that the unbalanced load occuriience
upper and lower is extreme in specific phase. heiot

The difference between maximum and minimum

o of total facility capacity of the single phase load

words, the unbalanced loads ratio in phase A, BvaS U'n;j'l'::]‘w _ connected to cach line o
the upper at 1.35:1.2:.1.0, and the lower at 1:2%:0. Factor Facility value of all load / 3 (7)
Therefore, in case where unbalanced load ratichés t
largest in both upper and lower, and neutral ctrigen Prior to verification at each of the measuringnpof
also the largest. the KEPCO’s distribution system, total facility aity

It can provably that the next largest case is theof the single phase load connected to each line was
EXAMPLE-5-2. unknown, but the phase current in each measuriinggo

It can see that at specific phase in EXAMPLE-2, the were identifiable. Since P=VI, and the load capast

synthetic of the unbalanced load ratio was 2.5%wio proportional to current, the equation (7) was ablde
specific phases. In EXAMPLE-5-1, the unbalancediloa calculated as shown in (8).

ratio in specific phase was 2.7.
In addition, the next large value was EXAMPLE-5-3

The different between maximum and

and EXAMPLE-5-5. In these two cases, specific ppase unbalance minimum of three-phase current

showed unbalanced load ratio of both 2.55 and 2.35 Factor Sum of three-phase current / 3 X100 (8)
simultaneously. In smallest case is EXAMPLE-5-4eTh

synthetic of the unbalanced load ratio was 2.4.8As

result, it can be confirmed that the neutral curneil 6.1 Change in unbalance factor corresponding to the
also become larger in specific phase of higher increasein the number of unbalanceloadsin upper

unbalanced load ratio. and lower side

In cases of same unbalanced load ratio only in the
same phase, the value of the neutral current veasteel
as the scalar sum of neutral current in upper amgki.

Using the results of the unbalance factor calcdlate
with (8) with CASE-1 as the basis, it was confirntedt
. X the unbalance factors were the same in all of CRSE-
However, In case .Of different upper and lower load CASE-3, and CASE-4. Therefore, with CASE-1 as the
unbalanced ratio, Fig.4 show that the value ofrtbtral basis, the unbalance factor corresponding to iser¢ae

current always is not the scalar sum of upper am number of loads in upper and lower side is showRigs
neutral current, even though the two step type [wle 5

common the neutral grounding point.

R | f th incinal of . d The unbalance factor in cases of increased number o
esu_ts of the principal of superposition and vecto oads in unbalanced load was calculated and itsltees
analysis, that because each neutral current of eac

different phase is counterbalanced. In other words, re as follows.
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In all cases, the unbalance factor was the same omlso may even be smaller than the neutral curreahe

the same measuring point. In case of unbalancestep type pole.

factor the two step type pole, common or not of the
neutral grounding point made no difference

whether the upper and lower side are explicated
separately. In other words, the unbalance factor in
one step type pole and two step type pole are equal

increases.

25

Point A

Point B
Point C
Point D

Unbalance Factor [%]

Example-1 Example-2 Example-3 Example-4

Fig. 5. Unbalance factor by increase o f the numbef
unbalanced load at upper and lower side

6.2 In case where the unbalanced load ratio in upper
and lower side are unegual

In the same measuring point of CASE-1 and CASE-4,
the unbalance factors are also equal. Through thés,
unbalance factor in two step type pole is not eéféc
whether the neutral grounding point is common of no
and make no difference whether the upper and Igider
are explicated separately. In other words, the lamnica
factor is the same as in one step type pole.

In Fig. 6, it can be seen that unbalance factoRaimt
A and Point B are equal. That's there are no loastiag
between Point A and Point B. As a result, it carsben
that the circuit is connected in direct line andagd
current in the same. Therefore, the unbalance rfasto
also equal. But, it can note that between Poinh@ 3,
the unbalance factor in Point D is larger. Becahsee
exists load between the Point C and D, and sina& Po
is in close with the unbalanced load.

Since the unbalance factors in each measuring Bbint
CASE-1 and CASE-4 are equal, it is confirmed timat t
unbalance factor has no relationship with the comwio
the neutral grounding point.

As the number of unbalanced loads in upper and
lower side increases, the unbalance factor alsc

Example-5-1
Example-5-2
Example-3-3
Example-5-4
B Example-5-5

9.6

88

8.6 [

Unbalance Factor [%

84 T

8.2

CASE-1 CASE-4

Fig. 6. Each point unbalance factor of CASE-1 and 8SE-4

Table Il. Resultant Vector of the Each Example

Resultant Vector|
Point (B+D)

Resultant Vector|
Point (A+C)

EXAMPLE-1

EXAMPLE
-5-1

EXAMPLE
-5-2

EXAMPLE
-5-3

EXAMPLE
-5-4

EXAMPLE
-5-5

?_\5“ “}.IL..- . ?\I

7. VERIFICATION BY VECTOR ANALYSIS

Wi

In two step type pole distribution system, it was
verified by EMTP, that the value of neutral currést
shown to be largely different whether neutral ging
point in upper and lower side are common or noerEv
though the neutral grounding point was commonhé t
unbalanced ratio of neutral current in upper anselo
side are different, the neutral current does naiobee
the scalar sum of the upper and lower neutral atrre

The neutral current of the three-phase power system
composed of Y-Y circuit was shown to be the resulta
vector by the phase current of three-phase[6][7].

Table 2 is the calculation result of the resultzettor.

It shows the neutral current of point (A+C) and rpoi
(B+D) in EXAMPLE-1 and EXAMPLE-5 in accordance
with the vector analysis.
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As shown in the results of EXAMPLE-5-1~5, if the [4]

unbalanced loads of upper and lower side are difter
the neutral current of two step type pole doeshesbme

the scalar sum of neutral current in upper and icsigke. (5]

It is verified through that resultant vector bothncels

out each other. In addition, in cases where botthalo g

cancel out each other by resultant vector, but imecthe
scalar sum, it's in the case as in EXAMPLE-1, whie
value and direction of the neutral current in upped
lower side are equal (in other words, each phases o
unbalanced loads in upper and lower are equal) but
chances of such cases are extremely unlikely.

8. CONCLUSIONS

In this paper, analysis using EMTP was conducted to
identify the superposition of the neutral curremijch is
the inductive current that causes the inductive
disturbance when the neutral wire of extra highage
power line was common. The results of the researeh
as follows.

(1) In the distribution system composed of two steetyp
pole, the phase current in each level had no
difference in common or not of the neutral
grounding point. Only the current pertaining to the
value of the load exists.

(2) In case each phase unbalance ratio is differetitein
upper and lower side, the current in the common
neutral wire is decreased. However, if the
combination of load unbalanced ratio in specific
phase is increased, then the neutral current nsay al
increase.

(3) The neutral current flow increases as the number of
unbalanced load is increased.

(4) If each of the neutral grounding points on the two
step type pole distribution system is no common,
value of neutral current is the same as the indalid
interpretation of upper and lower side.

(5) In general, since the load unbalance in upper and
lower neutral current are different in most cases,
current value of the neutral grounding is resultant
vector of the upper and lower individual currentlan
it is smaller than the scalar sum of both currents.
Composition value of the neutral current becomes
smaller than the maximum current size of the upper
and lower neutral current.

ACKNOWLEDGEMENTS

This paper was supported by Faculty Research Fund,
Sungkyunkwan University, 2006

REFERENCES

[1] “Alternative Transients Program ATP Rule Book”, EGU
Canadian/American EMTP User Group

[2] Laurent Dube. MODELS RULE BOOK(New Version);Apr.98

[3] Korea Electric Power Corporation., “Correlation lgss of
between neutral current in two step type pole awdegp induction
using KEPCOQO's distribution system.” 2005

34

(7]

H. C. Sep, K. W. Park, C. H. Kim, C. S. Jung, Y.Y®o, Y. H.

Lim, L. H. Seol, “Neutral Current Calculation of ©15tep Type
Pole using KEPCO's Distribution SystenTtans. KIEE Vol. 56,

No. 1, Jan. 2007

H.C. Seo, O.S. Kwon, C.H. Kim, C.S. Jung, Y.P. Ytdeutral

Current Calculation of Pole-Top Overhead DistribntiLine”,

KIEE Trans,Vol. 55A, No.7, pp.290-296, July. 2006.

Thomas M. Gruzs, “A survey of neutral currents hinee-phase
computer power systémlEEE Trans. on Industry Application
Vol. 26, No.4, pp.719-725, 1990

J. C. Balda, A. R. Oliva, D. W. McNabb, R. D. Ricdttson

“Measurements of Neutral currents and Voltages distaibution

Feeder”,|IEEE Trans. On Power Deliveryvol. 12, No. 4, Oct.
1997



Min He, Mingwei He, Zhangiong He, and Zidong Zha@MSARN International Journal 1 (2007) 35 — 42

Sustainable Energy Development in Urban Transportabn
System under TOD Pattern: a Case Study in China

Min He', Mingwei He, Zhangiong H&idong Zhang

Abstract— Energy sustainable development faces tremendouiéecba today. Transportation is one of the major
sources of energy demand and its consumption afggrie rising continually around the world. How tild a
sustainable energy development transportation systean important research topic for transportatiengineers,
planners and policy makers. The paper pays attantio energy consumption under TOD (Transit-Oriented
Development) strategy and gives a case study maclinergy consumption and energy-related emisgiater TOD
and AOD (Auto-Oriented Development) pattern are pot®d based on the transportation planning dat®ofigguan,
China. As a result, TOD is more efficient and eowinent friendly than AOD, the former pattern isaod choice for
sustainable energy development in urban transpiomagystem.

Keywords— Energy consumption, Sustainable development, TOD.

1. INTRODUCTION

In 1987, a report entitledur common futurewhich
was published by the World Commission
Environment and Development (WCED)put forward
the sustainable development strategy. Sustainable
development is development that meets the neetteof
present without compromising the ability of future
generations to meet their own needs [1]. However,
energy sustainable development faces tremendous
challenge today. Energy supply security is a bigceon
to major industrialized countries like U.S.A., Epeo
and Japan, they depend increasingly on severahhinast
supplying regions with uncertain reservation of gad
oil, China follows soon.

With the rapid economic development, energy
consumption in China goes up greatly. China has
become the second largest energy consumer in the
world after U.S.A. According to the data from Naidb
Bureau of Statistics of China [2], China’s totainpary
energy consumption reached 2.22 billion tons of
standard coal in 2005. From 1990 to 2004 china's oi
consumption has kept a consistent upward trendy wit
an annual increase of 9.2%, far higher than thattodr
resource consumption during the same period (3.9%).
By 2003, China, with its total oil consumption cd®
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million tons, overtook Japan and became the second
largest oil consumer in the world. According to the
predictions by the National Development and Reform
Commission (NDRC) of China [3], oil import will rea
1501220 million tons by 2020, and 50% of China’s oil
demand will rely on import. The growing oil impanwtll
influence the economic development of China.
Transportation is one of the major sources of gnerg
demand and its consumption of energy is rising
continually around the world. International Energy
Agency (IEA) projects that over the next 20 years
energy demand growth in transport will be greatent
that in other end-use sectors. Transport’s shatetaf
energy usage will increase from 28% in 1997 to 31%
2020[4]. Despite efforts to use alternative fuels will
continue to dominate this sector. In America, oil
accounts for 97 % of the transportation sectorargy
[5]. Transport will account for more than half dfet
world’s oil demand in 2020[4]. In china, the sharke
energy consumption of transport sector has expegkn
a continuous increase, and has gradually become the
dominant part. From the report of the IEA, 50% of
crude oil consumption has been consumed by road
transport in China. In 2003, road transport conglime
38.114 million tons of gasoline and 17.096 millimms
of diesels, accounting for 87.9% of the nationadljae
and 22.1% of the national diesel production respelst
[3]. Due to the fossil fuel such as oil dominatésth
sector, the massive gas emission of transport sisch
CO, and NOxis harmful to environment. In China, 60%
of air pollution comes from the emission of molsliz
vehicles in many urban areas. Transportation besome
the biggest pollutant source for urban environnjéht
Energy consumption and the energy-related emission
in transportation sector are closely related witle t
mode of urban transportation system. Over the tpast
decades, China has experienced an unprecedented rat
of urbanization and motorization. Urban populatimow
accounts for 41.8% of the total Chinese populatzong
it will reach 57% in 2020. At present, 10% of the
world’s population lives in China cities, and the

35



Min He, Mingwei He, Zhangiong He, and Zidong Zha@MSARN International Journal 1 (2007) 35 — 42

proportion will rise to 15% by 2020[7]. The
urbanizationin china brings great mobility demand and
huge energy consumption. How to build a sustainable
development urban transportation system to improve
energy efficiency and reduce energy-related paoltuis

an important research subject for transportation
engineers, planners and policy makers.

In this paper, a model is formulated to analyzegyne
use and emissions in meeting the travel requiresnaint
the residents of Dongguan city, China. Most vagaluf
the model such as travel demand, modal split, \ehic
ownership and vehicle miles traveled are obtaimethf
an interactive planning of Light Rail Transit (LRT)
system and land use. The model illustrates thecteffe
two strategies, namely TOD and AOD, on energy use
and emissions. Under the TOD strategy, if bothLiR&
projects and corresponded land use plan can be
implemented, 51.93% of energghat is about 0.18
million tons of oil equivalent, could be saved i022.
Compared with AOD, this strategy could also reduce
the emissions of C NOx by 51.90% and 53.05%
respectively.

In section 2, the paper discusses the reduction of
energy consumption under TOD pattern by improving
urban transport structure and land use patternage c
study in Dongguan, china, is presented in sectidhg.
last part provides some conclusions.

2. TOD PATTERN AND ENERGY

Put forward by American architect and planner Peter
Calthorpe in 1980s, Transit-oriented development
(TOD) is moderate to higher-density development,
located within an easy walk of a major transit stop
generally with a mix of residential, employment and
shopping opportunities designed for pedestrianbowit
excluding the auto. TOD can be new construction or
redevelopment of one or more buildings whose design
and orientation facilitate transit use [8]. In recgears,

many researches and case studies have discussed TOI:?h

strategy extensively. Some cities which carriedTtDD

such as Hongkong, Tokyo, and Curitiba, have achklieve
great success. Analysis of the reduction of energy
consumption under TOD pattern mainly includes two

dimensions, namely urban transport structure and la
use.

2.1 Optimization of Urban Transport Structure under
TOD Pattern

TOD pattern can optimize urban transport structure
based on the travel mode change of people. TORmpatt
gives preference to pedestrian and bicyclists,emse
the use of mass-transit, reduce people’s dependmmce
the automobile. Mixed land use and higher densities
under TOD pattern mean that many destinations ean b
reached by transit, walking or by bicycle, therelopable
these methods to become more viable travel optians.
study points out that, travel by automobile decease
20%-25% in the district based on TOD pattern,
compared with that of conventional developmentgratt
[9].

Compared with bus, rail transit can provide higher
quality of service with comfort and less delay. Bds a
good choice in TOD design. Rail transit tends to
leverage additional automobile travel reductions by
providing a catalyst for more accessible land use
patterns and reduced per capita vehicle ownerditip [

It reduces automobile travel both directly and riedily.

The former happens when a rail passenger-mile
substitutes an automobile vehicle-mile, and théeldat
happens when it creates more accessible land whke an
reduces automobile ownership in that area. Although
indirect effects are difficult to measure, somedsts
suggest that they are often larger than directctffe
Research indicates that each rail transit passenier
represents a reduction of 3 to 6 automobile vehicle
miles [11].

According to a report in 1999 by the Energy
Foundation on energy consumption and energy-related
emission of different travel modes (shown in tabje
transit modes, especially BRT (Bus Rapid Tran&8il
transit, is the most energy efficient and environtak
friendly transportation mode.

It is very clear that TOD pattern can greatly rezluc
e energy consumption in urban transportationesyst
This energy savings is achieved not only by stgftin
riders to more energy efficient transportation ngdmit
also by reducing vehicle miles traveled (VMT).

Table 1. Emission and Energy Consumption of DifferenModes (per million per kilometer)

Mode Private i Rail
Taxi Conventional BRT ) Motorcycle
Indexes Car Bus Transit
CGO;, (ton) 140.2 116.9 19.8 4.7 7.5 62.0
NO, (kg) 746.0 662.0 168.4 42.0 17.5 90.0
Oil consumption 492 41.0 6.9 1.6 2.6 21.8
(ton)
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2.2 Land Use under TOD Pattern

Energy consumption in urban transportation sysem i
strongly related to land use. O. Mindali et al (2P8et
up a conceptual model of a set of factors influegci
urban transportation energy consumption from the
viewpoint of land use policy [12].

Conventional wisdom asserts a strong correlation
between urban density and transportation energy
consumption, which suggests that higher density
generates lower VMT and therefore, exhibits lower
energy consumption[13-14]. Planning for high dgnsit
aims at reducing trip length and total mobility dedy
concentrating residential, employment and services
within a compact area[15]. Many studies also sugges
that mixed land-use is likely to reduce trip lengind
divert trips from the private car to public trangation
and walking. As a result, the reduction in the gger
consumption of the transportation system is on¢éhef
main advantages of mixed land-use planning policy.

Urban spatial structure can be defined as a
combination of land use formation, its densitied #me
spatial design of infrastructure such as transporta
and communication [16]. Through study in
representative cities in America and Australia, Roy
(1992) found energy consumption in urban
transportation also has some relationship with
subcenters of city. While subcenters increase féoto
12, the transportation condition improves evidently
moreover, average energy consumption per person
decreases 14.1% and 16.4% respectively [17]. Atsush
Akisawa (1998) investigated an optimal land use in
urban areas from the viewpoint of reducing energy
consumption for transportation and analyzed theamrb
structure of minimal transportation energy consuampt
[18].

In all, TOD pattern make urban land use more
efficient. It requires the mixed land use and highe
densities around transit station, and facilitates
subcenters of city. Therefore, TOD can improve gyer
efficiency and save energy.

3. A CASE STUDY IN DONGGUAN, CHINA
3.1 Background of Dongguan

Dongguan city is located in south China, near Hong
Kong. It is a rapidly growing industrial city. The
population of the city reached 6.49 million in 20&4d
would keep growing from 2004 to 2020 accordinghte t
plan of the city. Population of the city will reach
million in 2010 and near 10 million in 2020.The
population structure of Dongguan is remarkably
different from that of other cities: migrant worker
population is far larger than permanent registered
resident population. In 2004, the population of rarg
worker reached 4.87 million, accounting for 77.5% o
the total. The particular population structure of
Dongguan results in a remarkably different travel
characteristic.

From 1994 to 2004, the GDP growth of Dongguan
has kept a high speed with average rate up to 20,

reached 11.55 billion RMB (1.43 billion USD) in 200
Similarly, the number of vehicles in Dongguan hasrb
increasing rapidly in recent years (shown in figyréy
2004, the total number of all kinds of vehicles has
reached 1.01million, among which, automobile actoun
for 32%, motorcycle account for 69%. Accordinghe
travel survey in 2005, the proportion of motorigati
journey accounted for 59% in Dongguan. As the
uppermost travel mode, motorcycle accounted for
44.6% of the total trips of the city, private cacaunted

for only 7.5%, but kept increasing rapidly. The iga
growth rate of private cars reached as high as 40%.
However, the transit system was not well develogadl
transit ridership was very low, accounting only 2olof

the total trips of the city.

In China, Pearl River Delta region has been thetmos
prominent urban sprawl region during the past two
decades. In 1990, Dongguan was dominated by
cultivated land, orchard, and forested land, shomwn
figure 2. This indicated that Dongguan was still an
agricultural dominated area at that time. From 1690
2002, urban sprawl maintained a rapid speed and mos
available land has become urban built-up area. And
further, the trend of urban sprawl continues today.
However, urbanization of Donguan is low density,
unordered and low quality. Under this pattern, peop

travel mainly by auto or motorcycle. Presently,
motorcycle is the main travel tool. With the
development of economic, auto will substitute

motorcycle soon. Without control, Dongguan will
become Auto-oriented development (AOD) at last.

10 Thousand
120

100

a0

a0

40
20

1982 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2003 2004

year

Fig.1. Development of Vehicles in Dongguan in Recen
Years

From the viewpoint of Sustainable energy
development, main disadvantages of transportation
system of Dongguan can be concluded as following:

Firstly, rapid increase of population and vehiclés
exert pressure on the limited resource and roadaiyp
The corresponding aftermaths such as oversized land
recourse, energy shortage, traffic congestion will
become serious gradually. Especially, serious itraff
congestions are now common in Donguan’s major
traffic corridors, such as the state highway 10d an
Guanchang Road. During peak hours, the average spee
of motor vehicles on these roads is only 15 kmime T
impact of congestion on energy consumption and
emission is obvious.
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undeveloped area B8 ecological area
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Fig. 2. The Urban Sprawl and Land Use Change of Donggn
Source: CAUPD, The Report of LRT construction piagrof Dongguan

The second, unordered and low density urban sprawl
further engenders resource waste. It results inesom
problems such as more vehicles miles, longer trip
length. It is also disadvantageous for mass-transit
system development due to the low density land use.
This pattern encourages the use of the privateandr
motorcycle, especially private car. As a resultyill

increase energy consumption and decrease energy

efficiency.

plan of population and job opportunity within 500m
from LRT station provides the model with ability to
build some interactions between land use and
transportation system. With the help of complicated
scientific transportation demand model, some necgss
data for evaluating energy consumption are shown in
table 2, table 3, and table 4.

Table2. Some General Statistics Indexes in Dongguan

3.2 TOD Pattern in Dongguan

As a sustainable development strategy, TOD is
adopted and carried out by Dongguan government. LRT
as a mass transit system is applied in TOD de§ign.
maximize the benefits and attract more people ® us
LRT as a travel mode, some effective measures are
adopted in the rail transit planning projects of
Dongguan, some examples are, interactive land use
planning and LRT planning, carefully designed larseé
pattern near the LRT station, integrated LRT witls b
system, financial support and so on.

The LRT network of Dongguan consists of four rail
routes with the total length of 194.37 km and 49
stations. Before 2025, the whole network will be
constructed. Rail transit lines are arranged alone
passenger corridor in existence or potentially high
density development areas which is planed to mngtr
development in the future. In order to improve the

connection and convenience, LRT stations will indbg

LRT, inter-city railway station, bus terminal as chuas
possible. The details can be found in the Report of
Planning of Light Rail Transit by China Academy of
Urban Planning and Design [19].

3.3 Evaluating the Energy Consumption Benefit of
TOD in Dongguan

Two transportation scenarios for future Dongguan

Two scenarios of future Dongguan transportation
system are designed to represent TOD and AOD
strategies. Scenarios 1 is AOD pattern, which & th
development without the LRT project, it is a dohing
scenario. Scenario 2 is TOD pattern, which is the
development with the LRT project.

An improved “Four Steps” model was used in
Dongguan LRT construction plan project. The detail
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Items / Years 2004 2020|[ 203(
Permanent| ;.1 9711 300 || 329
. Resident
Population
(million) Mi N
igran
Worker 486.95|| 700 871
GDP (Billion RMB) 11.55 44.2 52.4
Permanent
Average Resident 2.1 28511 25
Travel
Frequencieq| Migrant
Worker 1.0 1.5 1.6
Total Travel 924.3 214H 2358
As shown in table 3 and table 4, different

development scenarios result in different traffic
demand. Under AOD pattern, the proportion of ca us
will increase rapidly and become the uppermosfitraf
mode in 2020 and 2030. Accordingly, the proportdn
transit use is lower than that under TOD pattern.
Under TOD pattern, more destinations can be reached
by walking or by using a bicycle. Motorcycle and
private car will keep a lower use proportion. Tigns
including bus and LRT, will be encouraged and bezom
the uppermost traffic mode gradually. The proportd
travel by transit will reach 22.5% in 2020, and534.in
2030. At the same time, the total vehicle mileseted
reduce greatly. At the 2020 horizon, total vehiclides
traveled under scenario2 (90.97 million miles) et
19.59 million miles lower than that under scenariaid



Min He, Mingwei He, Zhangiong He, and Zidong Zha@MSARN International Journal 1 (2007) 35 — 42

it makes a 17.7% decrease compared with scenariol.
Evaluation of energy consumption benefit

Through analog computation, simulation result of
energy consumption and energy-related emission per
year under different scenarios are shown in tabéed
figure 3.

O BENERGY- scenari o1(oi )
B ENERGY-scenari02(oi l) - =——
O Q®-scenari ol
0 Q@-scenari 02

2400000

2000000

1600000

1200000

800000

energy consunption and enissi on(tons)

400000
Lo [1.

Mt orcycl e

car
traffic node

Fig. 3. Energy Consumption and CQEmission of
Different Transport Modes at the 2020 horizon

The simulation result indicates that both energy
consumption and emission decrease evidently under
TOD pattern (scenario2), compared with AOD pattern
(scenariol). At the 2020 horizon, energy consumptio
under scenario2 (721109 tons oil) is about 779088 t
lower than what under scenariol, that is a 51.93%
decrease. CO emission and NOx emission under
scenario2 is 51.90% and 53.05% lower respectively
than that under scenariol. At the 2030 horizon, the
result indicates the same rule as in 2020.

As shown in figure 4, among different travel modes,
car is the uppermost sources of energy consumptidn
emission, whose energy consumption almost accounts
for 63% and CQ® emission account for 83% of the
system. So, controlling car use and seeking itstiuke
is very important for sustainable energy developnien
urban transportation system.

34 Some experiences from the case study in
Dongguan

As the case study shows, TOD pattern can help to
build a sustainable development urban transportatio
system. It provides a good transport service fa& th
residents with high mobility and few VMT and reldte
pollution. But it is not easy to achieve. From tase
study, we get some experiences:

To begin with, planning and its administration are
very important for the strategy. Land is valuabtel a
rare in urban area; it's very hard to keep the spafc
transportation infrastructures unchanged by interes
groups. So, a strong policy and implementation is
needed.

To continue, cross boundary cooperation should be

strengthened. TOD is a kid of coordination between
land use and transportation, so a good arrangeofent
business, transportation and resident is needealsdt
needs a good coordination between different sectors
such as bus, LRT, private car.

Thirdly, the balance between cost and income should
be kept. Massive transit system is main means @D,T
but it is often costly, both in construction andeogtion.

So, it is every important to find a sound financial
support. For many undeveloped cities, it becameya k
constrain of TOD strategy application.

4. CONCLUSION

From the analysis above, it can be concluded that
TOD strategy can improve energy efficiency, reduce
energy-related emission. Beside Benefit of energy
consumption, the main benefits of TOD also include:
improving accessibility and mobility, higher degstb
preserve more land, providing needed development, a
so on. From this dimension, TOD strategy is an
attractive, effective and worthwhile strategy.

In the Greater Mekong Subregion, with the rapid
economic development and urbanization in recentsyea
more and more people swarm into cities. Urban spraw
leads to not only more vehicle miles travels, maire
pollution, inefficiencies in transportation, busalmore
energy consumption. Some cities in GMS, such as
Kunming, Bangkok, have subjected to these similar
problems of Dongguan. This research is expected to
provide some experience to the transportation polic
maker and planner.
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Design of Optimal PID Controller using Improved Geretic
Algorithm for AGC including SMES Units

S. Pothiya, C. Khamsum, W. Kongprawechnon and I. Ngamroo

Abstract— This paper is proposed a new optimization approach of a proportional-integral-derivative (PID) controller
by the improved genetic algorithm (IGA) for automatic generation control (AGC) including superconducting magnetic
energy storage (SMES) of a two-area interconnected reheat thermal system. Conventionally, the gains of PID controller
are obtained by trial and error method or experiences of designers. To overcome this problem, the IGA is applied to
simultaneously tune PID gains to minimize frequency deviations of the system againgt load disturbances. The IGA
algorithm introduces additional techniques for improvement of search process such as initialization, adaptive search,
multiple searches, external crossover and restarting process. Smulation results explicitly show that the performance of
the proposed PID controller is superior to the conventional PID controller in terms of the overshoot, settling time and

robustness.

Keywords— Automatic generation control, Genetic algorithm,Power system, Superconducting magnetic energy stge

1. INTRODUCTION

Automatic generation control (AGC) is synonymous
with load frequency control (LFC), it is a very inntant
problem in power system operation and control. vgro
system has a dynamic characteristic meaning thedrit
be affected by area load change and abnormal comnslit
lead to unpredicted in frequency and scheduledirtge-

different structures [13-16], power system utititistill
prefer the fixed structure controller.

In this paper proposes a new optimization technique
which is called improved genetic algorithm (IGA) to
optimize the gains of PID controller to controldtency
for a two-area interconnected reheat thermal system
including SMES units. The results compare with the
conventional PID controller with and without SMES i

power flows between areas. These problems arderm of settling time, overshoot and robustness.
corrected by control the frequency. In the past, a This paper is organized as follows: Section 2, a

governor, may no longer be able to compensateuttn s
load changes due to its slow response [1].

comprehensive mathematical model of AGC problem for
a two-are interconnected reheat thermal systemdin

To solve this problem, superconducting magnetic SMES is presented. The PID controller is descrilred
energy storage (SMES) [2-4], which is capable of Section 3. An application of proposed IGA algorithm

controlling active and reactive power simultaneps],

optimize the gains of PID controller is presented i

has been proposed as one of the most effective an&ECtion 4. The simulation results in the two-area

significant stabilizers of power oscillation modés-8].
Besides oscillation control, SMES allows a power
quality improvement [9], a load leveling [10] andoad
frequency control [11-16], which are not possiliieala

interconnected reheat thermal system are presénted
Section 5. Finally, the conclusion is provided cfon
6.

with other power system controllers such as a power2. PROBLEM FORMULATION

system stabilizer, a static-var compensator etc.

Several design methods of AGC, which is equipped

with SMES, have been successfully proposed, such as
proportional control [11, 12], a digital control3Jl an
adaptive control [14], and a fuzzy control [16] .etc
Despite the potential of modern control techniqush
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Reheat Thermal Plant Reheat Thermal Plant

Tie-linc

Area | Area 2

Load
Disturbances

Loac
Disturbances

Fig. 1. A two area interconnected power system witBMES

A two area interconnected power system [12]
including reheat steam turbines, governor deadhands
boiler dynamics, and SMES units shown in Fig. 1, is
used to explain the motivation of the proposed wath
Both areas have installed SMES1 and SMES2 in doder
stabilize frequency oscillations. It is assumed thege
loads with sudden changes, such as large stes| @it -
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Fig. 2. Block diagram of two area interconnected poer system.

furnace factories, magnetic levitation transportarsl
testing plants for nuclear fusions etc., have bdaned

in both areas. This results in a serious problem of

frequency oscillations. The detailed block diagmnthe
interconnected power system model is depicted gn Ei
and the system parameters are given in Appendix.

The detailed transfer function models of the speed

governors and turbines are discussed in Ref. [I?].
order to project physical constraints, a generatiate
constraint (GRC) of 0.0017 [puMW(/s] is consider&te
transfer function of the governor, taking a deadbeuto
account, can be expressed by

: =12 )

Fig. 3 shows the model to represent the boiler
dynamics [12]. This includes the long term dynana€s

the fuel and steam flows on the boiler drum pressicor
a SMES unit, the limiter of-001< APgy; =1, < 001

3. PID CONTROLLER

Designing PID controller, even for non-linear pknt
such as power system, can be a difficult problem.
Consider the system illustrated in Fig. 4 where Rt
controller obey the following control law:

M (s) :(kp +k—si+kdsjE(s) )

wherek,, k; andky are proportional, integral, and
derivative gains, respectively.

R(s) + E(s) M (s) Y

PID Controller
C(s)

Plant
G(s)

[puMW] based on a system MW base is equipped at a

power output terminal. Parameters values of SMERIL a
SMES2 are set at Kgy;=Kgy,=012 and

Tqu1 =Tau2 = 003 sec.

A Steam Flow

Kig(Tigs+1)(Tres+1)
s(01Tggs+1)

!

e*TD s

Tes+1

*}\ - AFuel flow
—O*

Fig. 3. Block diagram of boiler dynamics.

Pressure
Controls

Fuel systen

44

Fig. 4 A typical PID control system

The objective of PID controller design is to detaren
a set of gainsK,, k; and k) of the control law such that

the set of roots of the characteristic equationsehoby

the designer are obtained. The three gain parasnefer
the PID control law interact with the plant paraenst
P(s) in a complex fashion when the designer attempts to

obtain the specified roots of the characteristioagign.
These roots are chosen in order to obtain the etesir
transient response of the closed loop, while takimeg
resultant zeros into account. PID controller inseethe
order of the characteristic equation by one. The
controller introduces a new pole at original of the
plane, and they shift the original compensated obdhe
closed loop system to new positions on s-plane, In
addition to these effects, PID controllers introglacpair
of zeros, usually a complex conjugate pair, whiah w
normally have a significant effect on the transient
behavior of the compensated system.

The efficiency of the system can be measured by
calculating the integral of time-multiplied abs@uwrror
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(ITAE) for the unit step response during [0, T]: ii) Adaptive search
T The step size is range of variation of current tsatu
Error = J. tje(t)|t (3)  which is the importance factor for searching preces
% that should be appropriately chosen. Low valuessies

long computational time. On the other hand, higlhues
The problem confronting the designer, thereforépis result in may be not getting global optimum.
calculate the three gains of the PID controller l&vhi Consequently, the adaptive search mechanism has bee
ensuring that transient response (minimum error,developed to suitably adjust the step size durimg t
overshoot, rising time, settling time and steadyest searching process. This earlier process helpseedspp

error) specification are met. the move to the vicinity of the global solution. @nthe

searching process approaches the near global amgluti
4. IMPROVED GENETIC ALGORITHM the small step size is then employed in order teerto
4.1 Genetic algorithm the solution in a high resolution of solution.

A genetic algorithm (GA) is a robust optimization
technique based on natural selection. The basit goa
GA is to optimize functions call fithess functiorSA-
based approaches differ from conventional optironat
methods in several ways. First, GA search work &ith
coding of the parameter set rather than the pammet
themselves. Second, GA search from a population off
points rather than a single point. Third, GA usgagfa
(objective function) information, not other auxilja
knowledge. Finally, GA use probabilistic transitiares,
not deterministic rules. These properties make GA
robust, powerful, and data-independent. y
A simple GA starts with a population of solution
encoded in one of many ways. Binary encoding are GA GA | 77| GA GA
common and are used in this report. The GA detexsnin
each string’s strength based on an objective fanaind ¢
performs one or more of three genetic operators on Y S Y %2 Son-1 Sony
certain strings in population. Update current solution, s,

Generate several groups of initial solutions

[~ i
Ll -«

Y Soi ¥ Sz v - Som" R 4
Adaptive search mechanisms
Iteration=0

1. Reproduction (also called selection) is simply
retaining a fit string in the following generation.

2. Crossover involves swapping partial strings of
random length between two parent strings.

final solutions

3. Mutation involves flipping a random bit in aist.
These three operations primarily involve random bem

generation, copying, and partial string exchangeusT Y
GA is simple to implement. External Crossover
for generate new No
initial solutions
4.2 Improved Genetic algorithm + l
A new proposed approach is called improved genetic g;’r‘;iz;;’r;f:aiﬂi“l’“s
algorithm (IGA) based on the GA algorithm as shawn Py I
Fig 5, which has several GA algorithms indepengentl :—‘ |

This algorithm consists of five mechanisms; namely,
initialization, adaptive search, multiple searches,

external crossover andrestarting process as follows: Fig. 5. Procedure of Improved Genetic Algorithm

i) Initialization .

IGA algorithm uses the feasible solutions for ramdo 1ii) Multiple searches
in the determination of the several groups of ahiti In recently, the personal computer has high speed f
solutions, which contrast with GA algorithm. Becaus computational. For solving the large scale probfeay
the probability for reaching the optimal solutienhigher ~ be uses several computers run in parallel caikedllel
than single group of initial solution of the GA atighm  search. For multiple-search are executed by a personal
so that IGA can quickly be converged to the global computer. This process helps the GA algorithm fimel
optimum solution. promising region of the search very quickly.
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iv) External Crossover Fig. 7, Fig. 8, and Fig. 9 show the values of sefttime,

. : ; - overshoot, and ITAE of the first areas, respecyivel

e eSS oy Consderng £ 7, hese s hat e
P 9 pped. robustness of the optimal PID controller against

crossover process uses for compare and exchange the

solutions which found by these GA, and generate theparameters variations is superior to that of thieemot
L : : . controllers.
best initial solutions for next iteration.

0.04

H — Optimum PID with SMES
V) Restal"[l ng proce$ omtk T Conventional PID with SMES | |
. == Optimum PID no SMES

S Conventional PID no SMES

When the searching is stroke on the local solufon
a long time and procedure of GA algorithm can not
escape from local solution. The restarting procisss
applied for help to continue searching and findeavn
solution.

5. NUMERICAL EXAMPLE & RESULTS

Simulations were performed using the conventional
PID and the proposed optimal PID controllers amptie
a two-area interconnected reheat thermal system a e e T B T e -
shown in Fig. 2, when applying 0.01 p.u.MW stepdloa Time (sec)
disturbances into both areas. The implementatiorkeeb
with MatLab® 7.0 and Simulink. The simulation was ran
on a personal computer Pentium 4, 2.66 GHz, 256

Mbytes RAM, under Window XP.

Frequency Oscillation in area 1, A4 (Hz)

Fig. 6 The frequency deviation of first area of diférent
controller types.

In the optimization, the integral of time-multipdie *

.. I Cptirum PID with SMES
absolute error (ITAE) of the frequency deviationtioé - ] Comventional PID with SMES
first area is selected as the performance index. I Opimum FID no SMES

. . . . . = [ Iconventional no SMES
Accordingly, the objective functiod is set by 3 2=l — |
F
T 2t _—
Minimize J = [t|Af,|dt (4) PRRC
0 =
X . ¥ g
After design, the appropriate parameters value as
showed in Table 1. st
4 -30% -20% -10% 1} 10% 20%- 30%
Table 1. Parameter value of PID controllers Percentage of Parameters Variations
Controller Kp i Kq Fig. 7 Comparison results of settling time ofAf, under
parameter variations.
Conventional PID no SMES 0.009 0.0945 0.20f5
012 T T T v
Optimal PID no SMES 3.0008 05995  1.7975 I i PID with SMES
[ conventional PID with SMES
. . UARY I Optimum PID no SMES 4
Conventional PID with SMES| 1.910% 0.4217 0.2089 —~ ] Camventional no SMES
2
Optimal PID with SMES 2.9910) 0.599%  2.0038 = DOy ooononononnn
?é 0.06 F -
The frequency deviations of first areas after adsud 8 ol i
load change are shown in Fig. 6. The proposed PIC
controller is gives the best performance than other | i
controllers in term of settling time, overshoot dMéE.
Next, the robustness of each controller againsesys 0% % 0% 0 0% 0%  30%
parameters variations are evaluated by the Se"ﬁm, Percentage of Parameters Variations

overshoot, and ITAE. These values are calculatetbun
an occurrence of load disturbances while all system
parameters are varied from30% to 30% of the
nominal values. The comparison results are shown in

Fig. 8 Comparison results of overshoot ofAf; under
parameter variations.
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APPENDIX
The system parameters are following:
Koy =Kpp =120,T =Ty, =20,K,; =K,, =0.333
T,=T,=20
Ty =Ty =02, R =R, =24
B, =B, =0425,T,; =T,, =03
T, =0.0707, a;, =-1

Boiler system (gas fired type)
K, =085, K, =0.095 K4 = 092,CB = 200

T, =0, T =10, K,g = 003, T,z =26
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e e, Performance and Emission Characteristics of Straigh
\# H
$ < Vegetable Oil (Svo) as Alternate Transport Fuel for
3 5 a Sustainable Developmer
}"’r% Dilip R. Pangavhane Sachin S. Harak, and Prashant B. Nehe
a,9

Abstract— The technological development has resulted in unlimited exploitation of natural resources resulting in
diminishing stocks of fossil fuels alongwith increase in number of transport vehicles, there is steep rise in energy
demand. Alternative transport fuels have gained more importance in past few decades. Bio-diesel is better option for
conventional fuels to protect environment for sustainable development. Though the various straight vegetable oils
(SVO), edible and non-edible oils can be used for manufacturing biodiesel, out of which karanja oil is best suitable for
biodiesel production. Multiple engine performance tests were conducted from obtained biodiesel on a four-stroke diesel
engine. The blends upto 20% biodiesel can be used in all diesel engines and are compatible with most conventional
storage and distribution equipments without any engine modifications resulting same payload capacity as that of
petroleum diesel. The tests results have shown that the biodiesel is no different from petroleum diesel in terms of engine
performance.

Keywords— Alternate Transport Fuels, Bio-diesel, Cl EnginesKaranja, Sustainable Development, Transesterifi-
cation.

available in market are made environmental frieralty
1. INTRODUCTION technical up gradation but still there are limat in

. | vollution i . h d their sustainability. Alternate fuels are only piieimg
Environmental pollution is an emerging threat arid o hope of future, which has tremendous potential to

great concern In present context pertaining toeffect _ energize fuel revolution in transport sector [1]

_or:j ec_olsystgm. Theb_l technologlcal df"z"l’_l“megt " The dependence on fossil energy is unwise becduse o
industrial and automobile sector has resulted Imite its cost, dwindling reserves and environment pimfut

exploitgtion of natural resources_d.isturbing thdaicd@. Therefore many countries have already initiated
ecological balance between living and non-iving oo0rammes to increase the use of alternative soofic
pogu::onents of the b|ospherﬁ. ']I:fhe f'ﬂal hdestlnabb_n energy. The alternate fuels have large benefitsawpir
imbalance in environment will affect the human lgein ¢, ajity and have gained more importance in past few

because of air, water and soil pollution. decades owing to need for stronger energy secasty
For the fast technological developed world transpor \ a|i as to reduce green house gas emission. Nels fue

b_ec_or_ne_s the important part for its existence. I_Sma)j give new choices for consumers, which bring down ou
diminishing stocks of fossil fuels and increaseimber dependency on imported oil and will save milliorfs o
of vehicles in transport sector there is steepinsnergy rupees on import bills. When the demand for imgart
demand._ ) ) oil peaks up, the production and use of alternatdsf
To maintain the tempo of high growth rate of world | e hyqgrogen, biodiesel etc. will definitely becermore
economy, it is necessary to maintain these inpdits 0 ;omhetitive in the market thus enabling use of such
energy resources. With the fast rate of depleticerode  |e4ner fuels for sustainable development whichegts
oil deposits, alcohol blends on conventional fueBRG, the environment [2]. In the world most of the coiex
CNG .have come to the. fofeffom and have beenhas accorded priority to biodiesel technology fbe t
extensively studied and being implemented F’Ut &® N protection of environment for sustainable developime
renewablef..These blended fuels are not the firlatien . Biodiesel refers to any fuel substitute derivednfro
to fuel Crisis, as are only a compromise fc_)r mayin yenewable biomass. Vegetable oils or animal fats on
increase in fuel supply. These conventional fuels.ooiment with alcohol (mostly methanol or ethare
alkyl esters or fatty acids. The alkyl esters dfyfacids
are consigned with a general term, biodiesel wheadu
“Dilip R. Pangavhane (corresponding author) is Rpisle Nashik as fugl. The name biodiesel was introduced .by Natio
District Maratha Vidya Prasarak samaj College ofiiBeering, Udhoji Soydiesel Development board, US (now National Board

Maratha Boarding Campus, Near Pumping station, @amgRoad, ~ Of ~ Biodiesel),  which has  pioneered  the

Nashik-422013, Maharashtra, India. E-mail: commercialization of biodiesel in the US. Likewige
drpangavhane@yahoo.co.in, ndmvpcoe_nsk@sancharnet.in petroleum diesel, the biodiesel operates the cotiaius
Phone: 91-0253-2571439, 2317016, (M) 9422769103. - .
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Nashik District Maratha Vidya Prasarak samaj Ceallef Engineering, Biodiesel has some clear advantages over the Istraig
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1. It works in any diesel engine without any Table 1. Comparison of Physical and Chemical

conversion or modification to the engine. Properties of Karanja oil with Jatropha oil
2. Viscosity is less than that of SVO.
3. It has better cold weather properties than SVO. Sr. No. Properties Karanja djl jatrop‘lma
4. Biodiesel is clean, safe, and ready to use oil
alternative fuel.
5. Biodiesel can be more expensive. 1 Viscosity (cSt) 15.10 5276
Though the various edible and non-edible oils can b
used for manufacturing biodiesel, out of which kgaa 2 Specific 0.87 0.93
(Pongamia pinnata) is one of the best oil suitdble gravity
production of biodiesel. The Jatropha (Pongamia
pinnata) is wild oilseed plant of medium sized ttbeat 3 Flash point 197 240
generally attains a height of about 8 m and a trunk
diameter of more than 50 cm. The trunk is generally 4 Sulfur 13-16% 17%
short with thick branches spreading into a dense
hemispherical crown of dark green leaves. Jatropha .
plantation requires minimal rainfall, and it can flant 5 Ilizz)a(lctlve 147 1.89
successfully on marginal, degraded, or even inrtiede

land. It is shrub, which can be grown on eitheesid

railway tracks, thus preventing displacement ofilter These oils cannot be directly used as fuels in the
land, which is used for food crops. Cultivation of engines because of its high viscosity which maytere
Jatropha consists of ideal spacing for block pkona  problems in the engines. The advantage of usingriiar
and paired row hedges 3.0m x 3.0m single rows @n b ojl js that the physical and chemical properties far
planted at 2.0m spacing. The pit size of 1.5m LS  petter than those Jatropha oil, hence processiognbes
1.5m, filled with topsoil with farmyard manure. A more simplified and economical. Apart from this
fertilizer mix (NPK) Nitrogen Phosphate and Potassi  Karanja tree can be grown on waste land and need no
[15:15:15] should be applied at the rate of 250gen p require more care for grow than that of Jatroplee.tr
plant during rainy season every year. It can bevgro Wood quality of karanja tree is also far betterntha
either from cuttings or seeds, its plants startribga jatropha tree which gives additional income. Toucs
fruits from first years onwards. Each Jatropa tce@  the viscosity of this oil, a chemical process ahlle
produce an average of 3.5kg of beans each yearransesterification” [4] is carried out for remoyg the
depending upon irrigation levels. Generally 2200 triglycerides from this karanja oil. Generally four

numbers of Jatropha trees are planted per hedf#ige; methods are adopted for converting the vegetabietoi
gives annual harvest of approximately 7 tonneseainls  pjodiesel.

or seeds, which will yield about 2.7 tonnes of kgaeil. ) o . ) )
The non-renewability of the present conventionadigu () Dilution (i) Micro emulsion
apart from deteriorating land, water and air qyatias  (jii) Pyrolysis (iv) Transesterification
led to the look out for better alternatives. Whéwe t o )
demand for imported oil peaks up, the production of The transesterlflcatlon process is best_ method of
alternate fuels like biodiesel [3] will definitelyecome ~ @pproach for converting vegetable oil into biodie$ée
more competitive in the markets thus enabling teaf  Processed oil obtained is “methyl esters” called as
such cleaner fuels in mere endeavor for the enmiemit ~ Piodiesel, which was tested and the properties were
protection for sustainable development. This papercompared with standards for diesel. As the fattyres
discusses the efforts made towards the production oOPtained by transesterification are very less viscas
biodiesel by Transesterification process and topame  due to less viscosity deposition of carbon getsiced.
its fuel characteristics with the petroleum diesBhe ~ The biodiesel obtained by transesterification has
multiple performance tests were conducted from thePerformed wellin the long-term diesel engine test.
obtained biodiesel on a four-stroke, two-cylindeatev- Karanja oil + Methanol = Biodiesel + Glycerol
cooled diesel engine producing 10HP, 1500 RPM, 10KV
Dynamometer under different blend ratio.

B. Methodology
2. MATERIALS AND METHOD The experimental set up is prepared for biodiesel
production; the brief methodology is given as belBy
using constant temperature heating bath the reactio
Though the various bio oils are used for productién  were carried out between the temperature rang®’a 4
biodiesel but the biodiesel obtained from karanjaiso  to 7dC
used either as diesel fuel substitute or exterideindia
there is great potential of karanja oil as comghiethe C. Procedure
other non-edible oils. The comparative physical andThe karanja oil is purchased from the market arel kan
chemical Properties of Karanja oil (Pongamia Piapat karanja oil is taken as sample through filteringgass
and Jatropha curcus oil is given in Table-1. and then it was heated up to 100for removing any

A. Experimentation
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volatile matter and water, which may present in the Table 3. Comparison of bio-diesel sample obtained
karanja oil sample. Then the sodium methoxide is from karanja oil with B.U. standards.
prepared for one kg karanja oil, by mixing Thirtyef

gms of MeOH and six gms of NaOH in a separate| Sr | Specifica| Unit (Obtained B.U.
container. Then the oil temperature is set &tf65two No tion Sample) | Standards
hours, with carefully and slowly the sodium methutexis biodiesel for
added in the reactor then the colour was changedro biodiesel
brown [5].
After two _hours of _completion the reaction mixture 1 | Density G/ml 0.88 >0.8
was placed in separating funnel and the systemkeyais at 30C
in 40°C for at least 5 Hours. During this two layers were
observed out _of which upper one is of Bio diesel Hre > | combust o 192 S5
bottom contains Glycerin and unreacted reactahis, t : .
: . . ion point
process is known as settling and separation procases
by draining out the bottom and giving out water wé&s o
upper layer for removing any soap present in tloglpet. 3 | Kinetic Cst 4.84 5
Then heating the sample up to 30pfor removing the viscosity
unreacted methanol and water remained during wate — _
wash. The obtained product is pure Bio diesel ready 4 | Calorific | MJ/Kg 41 Undefined
use as a fuel. potential
Table 2. Comparative properties of Bio diesel 5 | Cetane - 48 >48
obtained from karanja oil and Jatropha oil. number
Sr Properties B|0d|esgl from 6 | Ester % >99 >99
No Karanja | jatropha content
oil oil
. 7 | Sulfur % 0 <0.55
1 | Density, (48C) g/cn? | 0.88 0.918 content
2 | Viscosity, (46C) cSt 4.84 5.51 8 | carbon % 0.024 <01
N residues
3 Calorific Value,| 9792 9470
Keal/kg 9 | specific | °c 0.895 0.87 to
o gravity 0.89
4 Flash Point, “C 109 240-110
e 10 | Cloud °’c -11 -11t0 16
5 Pour Point, ~C -14.00 8 point
6 Sulpher contents (%) 0.1 0.13 11 | Pour °c 14 1510 13
point
7 Carbon Residue (%) 0.24 0.64

D. Testing as a Fuel

The bio diesel obtained from karanja oil is tedtad
checking its physical and chemical propertiesthe.fuel
properties as a fuel and compared with bio diesel
obtained from Jatropha oil, are shown in the T&ble-
From this table it is observed that the Propertiés
obtained biodiesel form Karanja oil is far betteart that
of Jatropha oil. The Comparison of biodiesel sample
obtained from karanja oil was made with B.U. stadda
and is given in Table-3. From this table, it is etved
that the obtained biodiesel has almost the simiddmes
as that of B.U. standards.

Similarly the Comparison of biodiesel sample
obtained from the karanja oil was made with petroie
Diesel and given in Table-4. From this table it is
observed that the pollution content parametersctifig
on environment are very low as compared to thahef
petroleum diesel.

The multiple performance tests were conducted fitoen
obtained biodiesel on a four-stroke, two-cylindeatev-
cooled diesel engine producing 10 HP at 1500 RPt¥ wi
10 KV, Dynamometer. The experimental set up is as
shown in Figure: 1 with all necessary instrumentati
and engine without making any modification of the
present system [6-7].

The various engine performance tests were
conducted with obtained biodiesel from karanja a8,
50%, 100% and with diesel as a complete fuel.

The results obtained during the various engindstria
are given in Tables 5, 6 and 7, for different camations
of biodiesel with petroleum diesel. From the obgain
results it is concluded that the biodiesel alscegithe
more comparable engine performance as a complete fu
or its blend with diesel as that of the petroleuasdl.
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Table 4. Comparison of biodiesel sample obtained Table 5. Test on diesel engine with Diesel fuel
from karanja oil with petroleum Diesel
Sr. | Break Fuel | Mechanica| Indicated
Sr | Specification| Units | (Obtained| Diesel No | Power | Consu | | efficiency| thermal
No sample) (KW) mption (%) efficiency
Biodiesel (Kg/hr) (%)
1 Density at] G/ml 0.88 0.85 1 2.62 4.05 64.88 24.94
3d°c
2 3.42 4.85 70.64 28.46
2 | Combustion| °C 192 55
point 3 4.81 6.2 77.18 29.3
3 | Kinetic Cst 4.84 2-8 4. 6.28 7.1 81.52 28.93
viscosity
5. 6.75 8.92 84.03 31.87
4 Calorific MJ/K 41 45
potential g
Table 6. Test on diesel engine with 50% biodiesel
5 | Cetane 48 47.5 and 50% Diesel as a fuel
number
Sr Break Fuel Mechanica| Indicated
6 | Ester conten % >99 0 No | Power | Consump)| | efficiency | Thermal
(KW) tion (%) efficienc
7 Sulfur % 0 <0.5 (Kg/hr) y (%)
content
1 1.62 4.12 39.8 13.0
8 Carbon % 0.024 <0.35
residues 2 3.71 5.61 55.0 16.3
9 | Cloud point | °C -11 - 3 | 462 7.12 64.2 18.29
10 | Pourpoint | °C -14 - 4 | 6.0 8.5 70.58 20.29
11 | Boiling °c - 188- 5 | 6.78 9.28 73 21.58
point range 333
Table 7 Test on diesel engine with 100% Biodiesa$
a fuel
L]
p— 100 SrN | Break Fuel Mechanical| Indicated
L] o | Power| Consump| efficiency | Thermal
[ (KW) tion (%) efficiency
A | v | (Kg/hr) (%)
o= — 1| 162 4.12 46.2 12
| |
2 3.21 5.11 55.0 14.32
Fig. 1. Experimental Setup 3 4.67 6.57 64.2 16.50
1. Air flow meter 2. Air vessel 4 6.0 7.90 70.58 18.56
3. C.I. Engine 4. Dynamometer
5 6.96 8.86 73.00 21.58
5. Smoke meter 6. CO, HC analyzers
7. NO analyzer 8. Thermocouple
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3. RESULTS AND DISCUSSION E. Nitrogen Oxides

The gas analyzer monitor report shows that theséght
increase (several percent) in NOx emissions with
As the Biodiesel is made entirely from vegetable ibi  Biodiesel that are attributable, in part to the hiig
does not contain any sulfur, aromatic hydrocarbons,0xygen content of fuel mixture. More oxygen andtdret
metals or crude oil residues. The absence of soitans  combustion of the fuel is the indication of more
a reduction in the formation of $OFigure-2 shows the formation of NOx emission with Biodiesel as a fuel.
biodiesel percentage reduction of emissions as aceap
with the petrodiesel. The various parameters edldb
emission are as given below. During the experimental trials it is observed tthare is
considerable reduction in engine noise and vibnatie
engine was working very smoothly. This will giveeth

A. Emissions reductions with biodiesel

F. Noise Reductions

120 added life to the engine and security to its parts.
00 G. Energy Security Benefits
With agricultural commodity prices approaching meto

.% 80 lows and petroleum prices approaching record high,
2 — clear that more can be done to utilize domestiplases
& 60 of vegetable oils while enhancing our energy séguri
= Biodiesel can be manufactured as per existing indlis
S 40 production capacity, and used with conventional
e equipments; it provides substantial opportunity for

20 immediately addressing our energy security issues.

. l H. Biodiesel helpsto reduce greenhouse gases

s02 Soot co HC PAHs  Aromatics Unlike other “clean fuels” such as compressed @tur
gas (CNG), Biodiesel and other biofuels are produce
from renewable agricultural crops that assimileebon
dioxide from the atmosphere. The carbon dioxide
released during the year from burning vegetable oil
biodiesel in effect, it will be recaptured next yday
growing crops in the fields to produce more vegetai

from the biomass.
The Biodiesel itself burns cleanly, but it also noyes .
the efficiency of combustion in blends with petrote 1. Social Aspects
fuel. As a result of cleaner emission though ougis India ranks sixth in world for energy demand acdmmn
was older one still we notice less soot under kadiless  3.5% of world commercial energy demand in 2003. The
carbon during startup compared to diesel. energy demand is expected to grow at 4.8%. The déma
C. Smoke and Soot Reductions of diesel component is _estimate_d around_ 4_0 million

tones. The current annual import bill of crudeiniterms
The smoke (particulate material) and soot (unbufoetl  of foreign exchange is around Rs. 6,04,000 Crores.
and carbon residues) are of increasing concermitanu  Diesel is mainly consumed by Industrial and tramspo
air quality problems that are causing a wide ranfe sector, as road transport consumes almost 75%e wtel
adverse health effect for the citizens, especiallierms railways accounts for the rest. Biodiesel can mpla
of respiratory impairment and related illness. With diesel and other fuels. It is produced from rendevab
necked eyes we easily noticed that there wasmaterials, biodiesel considerably reduce soot eamss
considerable reduction in black smoke from exhaust. and it has zero sulfur content. The Cémitted is also
gets absorbed by trees under growth {€€rycle) and
similarly biodiesel is easily decomposes biolodicaihd
Carbon monoxide gas is a toxic byproduct of all so there is no harm to the human being and envieotm
hydrocarbon combustion that is also reduced bywhich will be more helpful for sustainable develagrh
increasing the oxygen content of the fuel. More plate The main advantages of using biodiesel are:
oxidation of the fuel results in more complete
combustion to carbon dioxide rather to leading e t
formation of carbon monoxide. When the fuel was
switched from lower sulfur petroleum diesel to dea
biodiesel, there was a 28-37% drop in carbon matexi (i) Along the rail tracks and national highways

Fig. 2. The Biodiesel emissions compared with
Petrodiesel

B. Lower Hydrocarbon Emissions

D. Carbon Monoxide Emissions

(i) This project will develop and utilizes wastelands
by growing kranja trees and will protect the
environment.

emissions. During third test (i.e.100% biodiese()% karanja trees can be planted, which will protect
shown by gas analyzer was 30% less than that of the environment by producing the karanja oil.
Government guidelines which is advantageous for the

(i) There will be creations of employment

biodiesel. . . .
opportunities in rural areas, especially to the
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women, which will helps to improve the
economical status of rural peoples.

(iv) This biodiesel project will indirectly promotes the
organic farming by marketing the de-oiled cake,
which will be available to the farmers as a
fertilizer for different cropping patterns.

(v) It will restore the degraded lands and generate
income opportunity for rural public.

There will be reduction in import quantity of
petroleum oil because of production of biodiesel,
ultimately the foreign exchange will be saved.

4. CONCLUSION

From the experimental results obtained it is cometl
that the karanja oil (SVO) cannot be used direadya
fuel in the CI engine because of higher specifavy,
higher viscosity and low volatility as compared to
petrodiesel. Similarly the biodiesel is more combié
with diesel and more suitable as fuel for the Gjires
without any modification. There is also reductiar®s of
CO and HC in the exhaust gases. The non-renewabilit
of conventional fuels apart from deteriorating laweter
and air quality has led to the look out for better
alternatives and the biodiesel is a substitutéHerabove
problem. When the demand for imported oil peakthep
production of alternate fuels, like biodiesel will
definitely become more competitive in the markaitsth
enabling the use of such cleaner fuels in mereamte
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