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ABSTRACT

This paper investigates a practical application of deconvolution technique-based optimal scheduling for
limited energy units (LEUSs). The computer program is developed so that the probabilities of unit outage are
taken into account by capacity model building, and the deconvolution technique is used to determine the
optimal scheduling for LEUs. The program has been tested with the simplified Thailand power system.
The results show that the deconvolution technique-based optimal scheduling for LEUs can dispatch all daily
energy specified at the optimal condition leading to the lower daily operating cost than that without
deconvolution calculation. The method can effectively associate the unit commitment problem as a preliminary

scheduling for LEUs.
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1. Introduction

In a power generation scheduling, the operating costs of the units can be found by loading the units
under their corresponding equivalent load duration curves (ELDCs) according to the fuel cost and computing
the energy generated by each unit (Electricity Generating Authority of Thailand, 2008). The algorithm can
easily be implemented if the energy generated by each unit is not limited and its operating condition is only
based on its generating capacity and availability, for example, coal-fired, oil fired, gas turbines and nuclear
units. However, there are units whose energy is constrained by some other factors. Such units are categorized as
limited energy units (LEUs) or assigned energy (AE) units. In case of hydroelectric plants, this constraint may
be due to limited reservoir size, run-of-the-river constraint or seasonal rainfall limitation. The cost associated
with production of this energy is typically very low and it is most advantageous to use all of the available
energy. In case of a fossil fueled units, the constraint may be due to limited fuel supply or the limits on
emissions. In case of nuclear, the constraint may be due to insufficient core energy which prevents the unit
being run on base load. Beside this energy constraint, the LEUs are also limited by its generating capacity and
availability.

In Thailand, the electricity supply industry is presently a vertically integrated structure. The Electricity
Generating Authority of Thailand (EGAT) owns and operates transmission network and most of the
generations. The Metropolitan Electricity Authority (MEA) and the Provincial Electricity Authority (PEA) own
and operate geographical distribution systems. Since 1990, the private investment in the generation sector
through small power producers (SPPs) and independent power producers (IPPs) programs has been successfully
introduced. Both SPPs and IPPs sell the electricity to EGAT based on the long term power purchase agreements
(PPAs). EGAT is a single buyer who subsequently sells the electricity to the MEA, PEA and limited number of
direct consumers. Fig. 1 shows the structure of present Thai power system. As of fiscal year 2008, hydro power
shares about 12% of total power generation in Thailand. In Thailand, hydro power plants scheduling are strictly
based on irrigation requirement. The reservoirs discharge volumes are specified by the Royal Irrigation
Department (RID) on daily basis. Therefore, hydro power plants can be modeled as the ELUs and it is

productive to develop the tool for optimal scheduling of the hydro generating units.
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Fig. 1 The structure of present Thai power system

Many techniques have been proposed to determine optimal scheduling of LEUs in power systems.
Bloom (J. A. Bloom, 1981) proposed an iterative decomposition type framework where reservoir utilization
decisions were made by linear programming master problem and associated marginal costs and benefits were
evaluated by a subproblem. The algorithms required multiple solution of subproblem to find the optimal usage
of reservoirs. Some heuristic and artificial based optimization techniques have also been applied to solve the
optimal hydro-thermal scheduling (A. Rudolf and R. Bayrleithner, 1999: 1460-1468, N. J. Redondo and A. J.
Conejo, 1999: 89-95, Chaa-An Li, et. al., 1998: 1051-1056, Xaiomin Bai and S. M. Shahidehpour, 1996, 968-
974) Hydro-thermal, scheduling by tabu search and decomposition. However, the probabilities of the unit
outages are not included in the problem formulations. To incorporate the probabilities of the unit outages into
optimal hydro generating units scheduling, the algorithm to optimize the reservoir utilization by probability
production costing has been proposed by Malik and Cory (A. S. Malik and B. J. Cory, 1996: 546-552).
Nevertheless, the framework for applying the technique to practical problem has not been fully developed due
to its intensive mathematical computation.

In this paper, the program for computing the capacity model building and deconvolution for large
generation systems is developed. The deconvolution technique is applied to determine an optimal daily
scheduling of hydro power plant. The hydro generating units are model as LEUs. The energy specified of each
hydro unit is compared with the calculated expected energy served (EES) to determine an optimal scheduling

condition. The method is compared to the daily scheduling without deconvolution process.

2. Problem Formulation for Optimal Scheduling of Energy Limited Units

2.1 A Recursive Algorithm for Capacity Model Building

With merit order operation, if generating units were completely reliable and thus always available when
called upon to generate, the areas occupied by each unit under the original load duration curve (LDC) would be
sufficient to determine unit specific generated energy. However, generating units are unanticipatedly forced out

of service resulting in increased calls for generation on units higher in the merit order.
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The increased demand for generation by a specific unit resulting from the forced outage rates (FOR) of
all previously loaded units is accounted by modifying the LDC to reflect these forced outages. This is
accomplished by computing the equivalent load on a particular unit which is the sum of customer demand and
forced outage of previously loaded generators. The cumulative probability distribution, or ELDC, gives the total
probability that customer load plus the capacity on forced outage equals or exceeds a given value X when the
generating system through the ith unit out of NG total units is being considered.

Each time a unit is loaded, its forced outages have to be added to the current ELDC to derive the new
ELDC which reflect the demand seen by the next unit in the merit order. This addition depends on the
probability distribution characterizing the forced outages the unit. After the outages of all available units have
been added to the customer load, the EENS may be obtained as an area under the resulting ELDC, thus
providing a measure of system reliability. The height of the same curve at the capacity point of the system is
the loss of load probability (LOLP), that is, the expected proportion of time that customer demand may exceed
available generating capacity.

By a recursive algorithm for capacity model building [8], the cumulative probability of a particular
capacity outage state of X MW or the equivalent load duration curve, after a unit generating at P, MW and

force outage rate FOR, is considered, is given by,

ELDC,(X) = (1- FOR/)- ELDC, ,(X) + FOR, - ELDC, ,(X — P,,),

(1)
where,
Pei _ the real power generation of unit i (MW),
ELDC.(X
C‘ (xX) = the equivalent load duration curve when the unit i is considered,
ELD X
CN G (x) = the equivalent load duration curve when all units are considered,
ELDCO (X) = LDC(X) = the original system load duration curve,
FOR

i = the FOR of generator , and
ST = the step size used in the calculation (MW).

Appendix A illustrates the probability table of the recursive algorithm for capacity model building. To
generalize the algorithm, the step size (ST) used in this paper is one MW. Fig. 2 shows the ELDC after taken

into account the units FOR.
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Fig. 2 ELDC obtained by a recursive algorithm for capacity model building

2.2 Deconvolution Process
Deconvolution is the reverse process of convolution. From (1), to find the previous ELDC, with the

outage of unit i removed from the ELDC, the outage of unit i can be deconvolved by rearranging (1) as follows,
1 ELDC,(X)+ﬂ- ELDC _,(X - P;)
1-FOR 1- FOR )

s

ELDC, ,(X)=

Similarly on the ELDC, the outage effect of unit j, which was loaded previously and not necessarily
adjacent to unit i can be removed by the following (3). The new ELDC ( ELDC /) after the effect of unit j, can

be computed as,

ELDC, ,(X)= . ELDC, ,(X)+ _FOR ELDC,,(X - Py)
1-FOR, 1-FOR 3)
2.3 Expected Energy Served and Not Served
The expected energy served by generator i/ is calculated by,
IC;
ES,=(1-FOR)-T- J.ELDCH(X)dX
s , @)
and the total daily operating cost is,
NG NG
ETC =) FC, =) PFC, -ES,
i=1 i=1 , (5)
The expected energy not served is calculated by,
0
EENS =T [ELDCyq(X)dX
ICys , (6)

where

ES, = the expected energy served by generator i (MWh),

T = total period under consideration (24 h),

IC_, = the sum of capacity when the generating system through the i-/th unit is being considered with merit

order operation (MW),
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IC, == the sum of capacity when the generating system through the ith unit is being considered with merit order
operation (MW),

FC, = Daily fuel cost of generator i (THB),

PFC, = Per unit fuel cost of generator i (THB/MWh).

EENS = the expected energy not served (MWh)

IC,, = total installed capacity (MW)

=X _
ELDCwe (=0 _ e equivalent system peak load (MW).

Read Input Data; daily load curve, thermal power
generating units, and ELUs

[ Compute ELDC by convolving all thermal units |

—  Compute ELDC by convolving the jth ELU |

Does the EES; match the specified YES
energy of the jth ELU ?

l«{  Compute ELDC’ by deconvolving the jth ELU |

v

Have all ELUs been convolved ? YES

NO

{

Fig. 3 Computational procedure

The computation of £S, and EENS is illustrated in Fig. 2. The deconvolution of each LEU is preceded

until its EENS matches its daily energy assigned. The computational procedure is shown in Fig. 3.

3. Simulation Results

The test data are arbitrarily chosen from historical data of Thailand power system. The data are
simplified and unavailable data are chosen from standard values. There are 95 power generating units, including
hydro plants taken into account in the simulation. SPP power plants are dispatched based on the power purchase
agreements which are not based on its prices. They are modeled in the load curve based on the power purchase
agreement to operate at full capacity from 08.00 a.m. to 08.00 p.m. on weekdays and at 65% of the full capacity
from 8.00 p.m. to 8.00 a.m. on weekdays, and whole Saturday and Sunday. IPP and EGAT power plants are
operated according to the merit order. The typical daily load curve of Thailand from EGAT is shown in Fig. 4.
It is the load curve of peak day in fiscal year 2001 (23 April 2001). The load curve used for simulation is

obtained from the peak load in last 6 years of 2008 with the peak of 21,235 MW.
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Fig. 4 Daily load curve of Thailand

Table 1 The summary results

Item Case 1 Case 2
System Peak Excluding SPPs (MW) 2123.52 2123.52
EENS (MWh) 301.97 0.023
LOLP 6.15x10° 6.12x10™"
LOLH (h) 1.48x10" 1.47x10"
Total ES by hydro units (MWh) 14647 14647
ETC (MTHB) 386.42 386.36

There are two case studies which are;

o Case 1: Hydro power plants are modeled in the load curve by using the equivalent MW from the
historical water discharge data without using deconvolution techniques and

e Case 2: Hydro power plants are convolved and deconvolved using the deconvolution technique.

The ELDC with and without deconvolutions are shown in Fig. 5 and 6, respectively. Table 1 shows the
simulation results including LOLP, LOLH, EENS, ETC, and the total ES of hydro generating units of Case 1
and Case 2. In Fig. 5., the hydro power plants are modeled in the load curve and installed capacity excluding the
hydro power plants and SPP is shown. In Fig.6., the hydro power plants are loading in to the ELDC using
deconvolution technique and the installed capacity including hydro power plant but excluding SPP is shown.

In this simulation, the LOLP of scheduling with deconvolution is shown to be lower than that of
scheduling without deconvolution leading to the lower LOLH and EENS. The optimal condition for hydro
generating units scheduling is to operate them in between 1798.35 MW to 2140.77 MW of the load curve as
shown in Fig.6. With the same EES of hydro generating units, the ETC of the optimal scheduling of using
deconvolution is slightly lower than that without deconvolution. Despite the small daily saving of the Thai
system, the total annual savings in THB could be substantial. This implies that deconvolution can efficiently

utilize the specified energy of hydro generating units.
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Fig. 6 The result from deconvolution for optimal scheduling of hydro generating units (Case 2)

The deconvolution technique base optimal scheduling of LEUs in power system has been investigated.

The method can efficiently determine the optimal scheduling of hydro generating units. The developed program
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7. Appendix

Table A The reclusive algorithm for capacity model building
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ABSTRACT

Intelligent trip planning system requires advanced computers, electrical technologies and robust traffic
models. A number of Intelligent Transport System (ITS) applications are increasingly used to collect traffic
data. In this study, Global Positioning System (GPS) or Vehicle Tracking System was adapted for data
collection. Selected six probe vehicles were equipped with GPS and data-logger to gather second-by-second
travel data such as speed, time and location. The vehicles were tested to travel on the selected parallel routes,
which are expressway and at-grade routes. The paper examined travel time and distance trajectories and driving
cycle to estimate instant fuel consumption and pollutant emissions using the Power—Based Motor—Vehicle
models. Second-by-second fuel consumption and pollutant emissions were then estimated. The results showed
that fuel consumption and emission outputs traveled on the expressway route were lower than those traveled on
the at-grade route. However, the Power—Based models are required careful calibration and validation to

replicate Thailand’s traffic conditions.

KEYWORDS: ITS, Fuel consumption/Emission model, GPS and Tracking system
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ABSTRACT

The purpose of this paper was to prevent defects in manufacturing process of automotive part by
selecting part AO1. It is main part of the faculty and brings about the highest defects at present. This research
starts from studying production process by using Production Process Chart and analyzing characteristics of
defects by Brainstorming technique. We used historical data and studied present data by using Check Sheet to
survey and interview with operators in the line production. And then, we analyzed the causes of defects by
using Cause and Effect Diagram and Why-Why Analysis to choose root causes. After that, we applied Process

Failure Mode and Effect Analysis: PFMEA by considering Risk Priority Number: RPN to improve the causes
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of defects which have RPN higher than 100 such as making Poka-Yoke system, Work Instruction: WI
documents, Q-Point documents, adjusting method of work and on-the-job training. The result of improving
showed that after the first and the second improvement, defect ratio reduces from 4.2172% to 0.2796% and

0.0537% respectively.

KEYWORDS : Prevent defects, Manufacturing process of automotive part, Quality tools
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ABSTRACT

The study of refrigerant accumulator dip line tunnel and its mathematic model was conducted with
objective to gain insights on the relationship of natural film coefficient of environmental air, environmental air
temperature, and insulator of tunnel that effected to inside tunnel temperature and temperature distribution as well
as to study to save the energy and to improve the efficiency.

The inside tunnel exploration showed that the parameters which effected to film laminated material were
inside tunnel temperature and hot air velocity which must be very low velocity in order to slowly dry the whole
film laminated material of the refrigerant accumulator therefore type of film laminated material fumigation was
dip in very slow moving hot air. According to mathematic model based on conductive heat transfer, insulator of
tunnel and environmental air temperature proportional effected to inside tunnel temperature that was in form of
heat loss from inside tunnel to environmental air.

From the study and analyses of temperature and natural film coefficient of environmental air as well as
glass wool insulator thickness, mathematic model give the result as follows:

1. Environmental air temperature in range 25 °C- 35 °C influenced to inside tunnel temperature about
1'’c-2°c

2. Glass Wool insulator and air gap increased the difference of inside temperature profile that first
entry section of tunnel increased 1 °C —2 °C and 3 °C — 5 °C in middle section and 6 °C — 10 °C end section

3. The increment of glass wool insulator thickness in every 50 mm increased inside tunnel temperature in
rage 0.5 °C-1 °C in first 3.3 m of tunnel and 2 °C-3 °C in middle and end section of tunnel

4. The slop of tunnel temperature profile is steep in first entry section of tunnel and declined in middle and
end section of tunnel

5. The natural film coefficient of environmental air (10 W/m K - 80 W/mz-K) was parameter which
was very less influenced to temperature and temperature distribution when compare to environmental air

temperature

KEYWORDS : Tunnel, Temperature, Relative humidity, Glass wool insulator
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OPTIMAL PLACEMENT AND CAPACITY OF DISTRIBUTED GENERATOR

USING PARTICLE SWARM OPTIMIZATION
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ABSTRACT

This paper proposes a particle swarm optimization (PSO) algorithm for optimal placement of
distributed generator (DG) in primary distribution systems for minimizing the total real power loss.
The proposed PSO algorithm is used to determine optimal placement and capacity of multi-DGs. Four types of
DG are considered and the distribution load flow is used to calculate the exact loss. Test results indicate that
PSO method can obtain better results than the simple heuristic search method and genetic algorithms (GA) on

the 33-bus and 69-bus radial distribution systems. The PSO can obtain maximum loss reduction for each of four
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types of optimally placed multi-DGs. Moreover, voltage profile improvement and branch current reduction are

obtained.
KEYWORDS: Distributed generation, DG types, Particle swarm optimization, Genetic algorithm

1. Uni

wseasuia lWihuuunszae vienenan lWihsodoo (Distributed Generator, DG) gnang
awiuuundandn liihiieglndtuusnavesd1d nih Femsdeudedhiussuudaasssuy
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A
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) P A A Y] A = 3 18 1Y o o W 1Y A 1 a '
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=\ I a v J = v J
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¢ a o o & av A A A
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A o A . o s A
manzavveunsoatudia lihuuunszae (Optimal Placement of DG : OPDG) Tﬂﬂmqﬂi:mmwaaﬂ
o w = a 2 A awv 9 o o <3 dy
mmqqmﬂﬁ]ﬁﬂmzuu mwmnwmmmnﬂiwﬂawuﬁWﬂmiuﬂixgﬂuuuwn
9 1 1
unanuie ldinauemsmainen OPDG Tﬂsﬁ%miww‘hmmmumimﬁauﬁwmwmﬂm
~ I 1 av 4 a
MWL AUNYA (Particle Swarm Optimization, PSO) Wumsaesoana g (Wichit Krueasuk,2006) ieona
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4 24 { ' o A . oA o
suunaes Wy DG Aannsaneldmmeide IS ueafin (Reactive power) 191 Galasiia
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ADULAULEDT (Synchronous condenser) @ﬂmmumammmmﬁmﬁm Ao

1 N
QDGi :QDi_A_Z(AiJ'Qj+BifPf) GO
i Jj=1

J#I
suuneny By DG Faaunsatiesias liese uadesmside IS ueaiinl iy mes lusl
v
Wa99UaY (Wind turbine) (M.Ermis, 1992:71-83), (DTL, 2004) Iagtuusiasanndiacans aail
00082 4, Fa; +P); [1.0044, +0.084,0,, —0.08Y ] +(.X, - 4,5, ) =0 (3.7
Ad g &£ @ @ v A w ddys)leQ éaz
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ij V:Vl ij V:VJ
P, = Netreal power injection in bus 7. O, = Netreactive power injection in bus 7’
R, = The line resistance between bus 7’ and 7. V. = The voltage at bus 7".
d = The angle at bus 7’. Loss, = Distribution loss at section £.
P, = The real power loss in the system. P,.. = The real power generation DG at bus i.
P,, = The power demand at bus i. X, = reactance atbus 7.
Y, = admittance at bus .
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mnidszneu 1 manfSauiiauszyngdims GAnazPso lumsgrihmmaeunazmslimneuunazass

luszuv 69 Ve

e 1 Optimal DG Placement for DG Type 1

Ploss Qloss
System
(kW) (kvar)
221.4346 150.1784
116.2678 85.4214 47.49 43.12
116.2186 85.4101 471.52 43.13
91.5217 62,4928 58.67 5839
33 b
83.9684 58.3246 62.08 61.16
116.2678 85.4214 47.49 43.12
91.2417 62.4336 58.80 58.43
76.1691 529743 65.60 64.73

230.0372 1043791 &\\\\\\\\\\\\\\\\\\\\\\\\\\\\

84.9390 41.4520 63.08 60.29

84.9972 41.4767 63.05 60.26

73.8617 36.8800 67.89 64.67

74.7338 37.0388 67.51 64.52

84.9801 41.4643 63.06 60.28

73.1886 36.7292 68.18 64.81

70.8786 35,6864 69.19 65.81
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A15197 2 Optimal DG Placement for DG Type 2

DG Size DG Size DG Size Ploss Qloss Loss Reduction %
System Method
(Mvar) . (Mvar) . (Mvar) (kW) (kvar) Real Reactive
Load flow analysis 221.4346 150.1784
Heuristic search 158.6780 108.7820 28.34 27.56
158.5913 108.7943 28.38 27.56
GA 149.0894 101.4992 32.67 3241
33 bus
152.8712 105.6746 30.96 29.63
158.7799 108.8075 28.29 27.55
pso 148.6830 1010767 3285 3270
144.9050 98.7541 34.56 34.24
Heuristic search 155.4120 72.0650 3244 30.96
56 12824 155.3853 72,0560 3245 30.97
GA 25 0.7235 161.2377 74.5979 29.91 28.53
69 bus
8 0.5000 153.8239 711782 3313 3181
56 13266 155.2927 71.9696 3249 3105
PSO
53 0.3679 149.6289 69.6846 34.95 33.24
56 1.2025 148.3148 69.1167 35.53 33.78
'
a .
131940 3 Optimal DG Placement for DG Type 3
Bus DG Size Ploss Qloss Loss Reduction %
System Method
(kW) (kvar) Real Reactive
Heuristic search 163.8417 115.5620 2601 23.05
163.7296 115.4774 26.06 23.11
GA 1655323 120.9607 2525 19.46
33 bus
172.6398 119.5674 22.04 20.38
163.8465 115.5656 2601 23.05
pso 1642177 1155997 2584 23.03
166.8321 117.0974 24.66 22.03
Load flow analysis 230.0372 104.3791 _
Heuristic search 161.6515 73.9285 2073 20.17
56 1.8739 161.5671 73.9073 29.76 29.19
GA 6 14732 161.9951 74.1490 2058 28.96
69 bus
4 1.0211 173.6910 86.2349 24.49 17.38
56 18888 1617076 73.9445 29.70 29.16
pso 56 1.8885 161.6967 73.9429 2071 29.16
56 1.8862 161.6938 739705 2071 20.13
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A15197 4 Optimal DG Placement for DG Type 4

Ploss Qloss

T

System

((((((

1111111

7777777

89.57 85.70

28.5221

sssss o T e | &\\\\\\\\\\\\\\

= —

9 '
Mora1InmMsaads DG ludwmtsazvuaimuzaudd sz Inqudnyuzvowssin Trdh
d' o Y 1 :sd? [ d! [ Y 9 [
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v v 1 9 v 1
ie 64 azanuINAga 1o 0.8891 p.u. LAZIIDAAA DG LUUN 4 $119U 3 19504 azitliussduananas

Taetiausasuniia 1y 0.9772 p.u.
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ABSTRACT

Voltage dependence of the photocurrent on lateral spreading along the surface of space-charge-region
(SCR) of planar metal-semiconductor-metal (MSM) structures has been investigated experimentally. The
current-voltage (I-V) characteristics measurements under illumination in visible range showed a rapid increase
photocurrent before breakdown voltage. This purpose for the SCR of such a structure plays a key role in
generating photocurrent and thus, in dc and/or ac scheme, the wider SCR along the active surface is the better
from the efficiency point of view. When light intensity on the MSM photodiode, the light that incidents the
semiconductor surface is absorbed creating electron-hole pairs within the active region. We examined their
SCR spreading through the photocurrent-bias voltage characteristics under the condition that the region
between the metal electrodes on both sides is full depleted. Making use of a planar Mo/n-Si/Mo MSM structure
with short electrode separation on silicon 10 -cm and the junction internal separation is 2-10 pm.
We measured their de and low frequency (1 kHz to IMHz) photoresponse properties. It was confirmed that

these structure showed an appreciable voltage controllability of the photocurrent.

KEYWORDS: Planar metal-semiconductor-metal structure; Schottky barrier; Space-charge-region
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