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Abstract—This paper presents an economic operation 
considered renewable energy which is optimized using 
thunderstorm algorithm. The problem is constrained by an 
emission standard and various technical limits implemented on 
the 62-bus system model. Simulations showed that the renewable 
energy inclusion penetrates to the unit commitment of generating 
units with strongly approach for the computational solution. This 
inclusion also affects to the individual power production in 
accordance to the fuel cost and pollutant discharge.  

Keywords—economic operation; pollutant emission; renewable 
energy; thunderstorm algorithm 

I.  INTRODUCTION 

Nowadays, a power system becomes a complex network 
constructed using physical components on the based technical 
requirements for generation, distribution and transmission 
systems [1-2].  This integrated structure is used to provide a 
high quality and reliable system to meet a power demand [1-5]. 
Operationally, the demand leads to energy usages at customers. 
The increase in energy consumption also due to the power 
management covered the energy security and the power stock 
of the system. This condition forces to explore potential 
primary energy sources, such as wind, solar and others. 
Technically, the renewable energy integration (REI) is 
depended on applied current technologies and role on the 
power penetration [6-10]. Recently, this mitigation becomes 
one of the most issues in the energy procurement for providing 
power outputs of the alternative generating system. 

Presently, the power production covers clean energy and 
considers a global warming caused by pollutant discharges in 
various types like CO, CO2, SOx and NOx. These 
environmental requirements have been forced by the Clean Air 
Act Amendments of 1990 subjected to reduce an air 
contaminant [8], [11-15]. Meanwhile, a power system 
operation is not the conventional energy production only but it 
also explores renewable energy sources and controls the 

pollutant contribution. Thus, the operation becomes more 
complex required by the environmental protection, renewable 
energy inclusion, and technical constraints. It should be 
managed economically to obtain the balanced running charge 
of the operation while producing energy in the lowest 
pollution.  

Practically, one of common strategies is an economical cost 
used to operate and decide a unit commitment of various 
energy producers. This strategy treats the optimal operating 
cost considered fuel and pollutant fees for the existed power 
plant connected to the grid [3], [12]. The fuel cost is 
approached using an economic load dispatch (ELD) whereas a 
pollutant discharge (PD) covers contaminant producers [2], [4-
5], [8], [11-12], [14], [16]. In addition, the REI leads to the 
committed power producers to meet the individual power 
portion. By involving the ELD, PD, and REI problems, the 
committed power output is defined as a single objective 
function (SOF) of the optimization problem.  

A couple of years, numerous methods have been proposed 
and applied to solve related optimization problems in the power 
system operation. These approaches categorized into classical 
and evolutionary methods. Classical methods are supported by 
mathematical programs whereas evolutionary methods are 
developed based on optimization techniques. Presently, 
evolutionary techniques are common used to solve the 
optimization problem in the power system [1-2], [4-5], [8], [13-
19]. Many methods have been advanced and developed in 
various improved names of the evolutionary algorithm for 
increasing each ability based on own inspirations, hierarchies 
and procedures. As a novel approach, this paper explores 
thunderstorm algorithm (TA) to carry out the SOF considered 
the REI, ELD and PD problems. The solution will be desired 
within various technical constraints on the 62-bus system 
model. 
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II. THUNDERSTORM ALGORITHM 

In principles, TA has been inspired by a natural process. In 
nature, many phenomena become curious inspirations to 
recognize natural processes. Many mechanisms have been also 
selected and used to develop evolutionary algorithms. 
Moreover, TA has been constructed based on the natural 
inspiration of thunderstorm mechanisms associated with 
natural steps in terms of the charge separation, leader 
formation, and discharge channel. In particular, studies of 
thunderstorms have been advanced rapidly towards for 
understanding the multiple lightning, thunderstorm 
mechanisms, and related consequences [20].  

Based on thunderstorm mechanisms, TA presented in 2016 
which was covered for multiple lightning’s developments in 
terms of the charge separation, leader formation, and discharge 
channel. It introduced early on March 2016 conducted to the 
striking process, channeling, and avalanche for draining the 
cloud. Its pseudo-codes are consisted of Cloud Phase, Streamer 
Phase and Avalanche Phase [18-19]. Cloud Phase can be 
charged using possibility mechanisms of the forward cloud 
charge, expanded cloud charge, and reverse cloud charge. 
Streamer Phase is used to select the prior streamer and striking 
directions whereas Avalanche Phase evaluates channels and 
updates the streaming track. In detail, the hierarchies of 
pseudo-codes are depicted in Figure 1 and Figure 2 illustrates 
cloud developments in three mechanisms.  

 
Fig. 1.  Hierarchy processes of thunderstorm algorithm 

 

 
Fig. 2.  Cloud’s mechanisms (a. forward mechanism, b. expanded mechanism, 
and c. reverse mechanism) 

 

In general, the Cloud can be developed throughout three 
ways, but in these works, Cloud Phase is generated using the 
forward cloud charge mechanism. Mathematically, this 
algorithm is presented in the following main statements: 

Forward mechanism: Q୨ୱ = Q୨୫୧୬ + u. Q୨ୢ ୣ୪, (1) 
Cloud size: CS୨ୱ = cn୨ୱ. a୨ୱ.	h୨ୱ, (2) 
Striking path: D୨,୬ୱ = Qୢୣ୮,୬ୱ .b.h, (3) 

Probability charge: probQj
ୱ ൞Qj.m

s∑Qm
s for m   

Qj,n
s∑Qn

s  for n 
, (4) 

where Q୨ୱ is the current charge, Q୨ୢ ୣ୪ is the distance charge, u is 

the random number within [0, 1], Q୨୫୧୬ is the minimum 

charge, s is the streaming flow, j ∈ (1,2,..,a), a is the number 
of variables, CS୨ୱ is the cloud size, cn୨ୱ is the number of 
charges, D୨,୬ୱ  is the striking charge’s position, Qୢୣ୮,୬ୱ 	is the 
deployed distance, n is the striking direction of the hth, h is the 
hazardous factor, b is the random within (1-a). 

III. PROBLEM STATEMENT 

In general, the ELD considers a total demand while 
deciding a unit commitment of various power plants forced by 
the environmental requirement for decreasing disposal 
pollutants through the PD problem. The ELD and PD 
problems are also acceptable in the SOF which is penetrated 
by the REI on the balanced power production. The SOF is 
targeted for determining the cheapest operating cost 
corresponded to the lowest emission [8], [11-12], [16]. In 
principle, the PD is controlled by an emission standard 
(EmiStd). The EmiStd is used to measure the allowed 
emission from the burning of fossil fuels which is discharged 
in air [1-3], [11-14].   

By considering the ELD, PD, and REI, the SOF includes 
penalty and compromised factors [8], [18-19]. The 
compromised factor sets on the contribution of ELD and PD 
problems and the penalty factor transfers the emission into a 
financial compensation. In these works, the penalty factor is 
approached using a dominant penalty factor as detailed in [8]. 
The REI gives a power penetration to the selected injection bus 
on the grid. In particular, the power system is operated under 
technical limitations related to the SOF of the power system 
optimization. Operationally, a total transmission loss, power 
limits, voltage levels, a power transfer capability are also 
frequent used to evaluate the solution. In these studies, the 
problem is formulated using following mathematical 
statements: ELD = ∑ ൫c୧ + b୧. P୧ + a୧P୧ଶ൯୬୥୧ୀଵ , (5) PD = ∑ ൫γ୧ + β୧. P୧ + α୧P୧ଶ൯୬୥୧ୀଵ , (6) SOF = (1 − w). (ELD) + w. h. (PD),	 (7) ∑ P୧୬୥୧ୀଵ + ∑ P୩୰ୣ୧୬୵୩ୀଵ = D + PL, (8) PG୮ + P୮୰ୣ୧ = PD୮ + V୮ . ൣ∑ V୯୬୆୳ୱ୯ୀଵ ൫G୮୯. cos(θ୮୯) +B୮୯. sin(θ୮୯)൯൧, (9) QG୮ = QD୮ + V୮ . ൣ∑ V୯୬୆୳ୱ୯ୀଵ ൫G୮୯. sin(θ୮୯) −B୮୯. cos(θ୮୯)൯൧, (10) P୧୫୧୬ ≤ P୧ ≤ P୧୫ୟ୶ , (11) Q୧୫୧୬ ≤ Q୧ ≤ Q୧୫ୟ୶ , (12) V୮୫୧୬ ≤ V୮ ≤ V୮୫ୟ୶, (13) S୮୯ ≤ S୮୯୫ୟ୶, (14) 

where ELD is the total fuel cost of generating units ($/h), Pi is 
the power output of the ith generating unit (MW), ng is the 
number of generating units, ai, bi, ci are fuel cost coefficients 
of the ith generating unit, PD is the total pollutant production 
of generating units (kg/h), αi, βi, γi are emission coefficients of 
the ith generating unit, SOF is the objective function of the 
combined dispatch ($/h), the h is a penalty factor ($/kg), w is a 
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compromised factor, D is the demand (MW), PL is the total 

transmission loss (MW), P୩୰ୣ୧ is the power output of the kth of 
the REI, PGp and QGp are power injections of load flow at bus 
p (MW and MVar), P୮୰ୣ୧ is the power injections of the REI at 
bus p (MW), PDp and QDp are load demands of load flows at 
bus p (MW and MVar), Vp and Vq are voltages at bus p and q 
(kV), Pi

min and Pi
max is the minimum and maximum power 

outputs (MW), of the ith generating unit, Qi
max and Qi

min are 
maximum and minimum reactive power outputs (MVar) of the 
ith generating unit, Qi is the reactive power output of the ith 

generating unit (Mvar), Vp
max and Vp

min are maximum and 
minimum voltages at bus p, Spq is the power transfer between 
bus p and q (MVar), Spq

max is the limit of the power transfer 
between bus p and q (MVar).  

IV. PROCEDURES OF IMPLEMENTATION 

As detailed in [18-19], TA is guided by following steps in 
terms of Cloud Phase, Streamer Phase and Avalanche Phase. 
These phases are conducted to the certain hierarchies using its 
parameters for determining the optimal solution through the 
sequencing order as given in Figure 1 and Figure 4.  

By considering TA’s procedures, programming structures 
are developed and run in 100 of the streaming flow to solve 
the SOF using 1 of the avalanche, 50 of the cloud charge, 4 of 
the hazardous factor, and 200 of the cloud size. This execution 
considers a 62-bus system as a sample model. Technically, 
this model has 62 buses; 89 lines; 32 load buses, and 19 
generating units as depicted in Figure 3. This model is 
modified to locate the REI at the selected bus. In particular, 
system’s parameter of these works are listed in Table I for the 
power limits and Table II for the individual coefficients. 

 

TABLE I.  GENERATING UNIT’S POWER LIMITS 

Gen 
MW MVar 

Pmin Pmax Qmin Qmax 
G1   85.0    300.0  0 450 
G2   63.0    450.0  0 500 
G3   63.0    450.0  -50 500 
G4   20.5    100.0  0 150 
G5   85.0    300.0  -50 300 
G6   63.0    450.0  -50 500 
G7   87.5    200.0  -50 250 
G8   72.5    500.0  -100 600 
G9   70.5    600.0  -100 550 

G10   74.5    100.0  0 150 
G11   65.0    150.0  -50 200 
G12   10.0    150.0  0 75 
G13   15.0    300.0  -50 300 
G14   10.5    150.0  -50 200 
G15   10.5    500.0  -50 550 
G16   20.0    150.0  -50 200 
G17   15.0    100.0  0 150 
G18   85.0    300.0  -50 400 
G19   65.5    600.0  -100 600 

 
 
 
 

TABLE II.  GENERATING UNIT’S COEFFICIENTS 

Gen 
Fuel cost Emission 

α β γ a  b  c 
G1 0.0070 6.80 95 0.018 -1.81 24.30 
G2 0.0055 4.00 30 0.033 -2.50 27.02 
G3 0.0055 4.00 45 0.033 -2.50 27.02 
G4 0.0025 0.85 10 0.014 -1.30 22.07 
G5 0.0060 4.60 20 0.018 -1.81 24.30 
G6 0.0055 4.00 90 0.033 -2.50 27.02 
G7 0.0065 4.70 42 0.013 -1.36 23.04 
G8 0.0075 5.00 46 0.036 -3.00 29.03 
G9 0.0085 6.00 55 0.040 -3.20 27.05 

G10 0.0020 0.50 58 0.014 -1.30 22.07 
G11 0.00450 1.60 65 0.014 -1.25 23.01 
G12 0.00250 0.85 78 0.012 -1.27 21.09 
G13 0.00500 1.80 75 0.018 -1.81 24.30 
G14 0.00450 1.60 85 0.014 -1.20 23.06 
G15 0.00650 4.70 80 0.036 -3.00 29.00 
G16 0.00450 1.40 90 0.014 -1.25 23.01 
G17 0.00250 0.85 10 0.014 -1.30 22.07 
G18 0.00450 1.60 25 0.018 -1.81 24.30 
G19 0.00800 5.50 90 0.040 -3.00 27.01 

 
 

 
Fig. 3.  The 62-bus system model with the REI 

 
 

 
Fig. 4.  Sequencing orders of the computation  
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Furthermore, in these works, the performances are also 
conditioned by suitable ranges for each unit commitment 
through a load flow analysis based on ± 5% of voltage 
violations, and 95% of the power transfer capability. In 
addition, the problem is focused on the economic power 
optimization due to the SOF considered 0.5 of the 
compromised factor, upper and lower power limits, 0.85 
kg/MWh of the EmiStd, and the percentage penetration of the 
REI. 

V. RESULTS AND DISCUSSIONS 

These works are addressed to solve the SOF problem 
considered the penetration of the REI based on the ELD and 
PD problems. By considering the emission standard and 
technical requirements, TA has been used to determine the 
optimal solution using its parameters to cover Cloud Phase, 
Streaming Phase, and Avalanche Phase. The obtained results 
on the 62-bus system model included selected buses of the 
wind energy as the REI are given in following figures and 
tables presented in numerical results and graphical 
performances.  

In this section, a running test for 20% of the REI, the 
execution considered this penetration is used for feeding 
1,305.5 MW of the demand as detailed in Figure 5 and Figure 
6, but the other results are depicted and illustrated within 10%-
50% of the REI. By considering 20% of the REI, a set 
population is shown in Figure 5 for the cloud charge which is 
initiated for 200 series of unit commitments considered 19 
power producers in random combinations. These candidate 
solutions have been explored in 100 streaming flows to get the 
optimal solution as performed in Figure 6. Figure 6 shows the 
speed of the computation for determining the optimal 
computing speed. This speed illustrates a computational 
characteristic for TA. 

 

 
Fig. 5.  Cloud charges of TA on the 20% of the REI 
 

 
Fig. 6.  Speeding performances of TA on the 20% of the REI 

TABLE III.  GENERATING UNIT’S POWER PRODUCTION 

Gen 
(MW) 

Percentage of Renewable Energy Inclusion 
10% 20% 30% 40% 50% 

G1 115.0 85.0 85.0 85.0 85.0 
G2 63.0 63.0 63.0 63.0 63.0 
G3 87.3 63.0 63.0 63.0 63.0 
G4 20.5 89.2 79.2 20.5 20.5 
G5 85.0 85.0 85.0 85.0 85.0 
G6 63.0 63.0 63.0 63.0 63.0 
G7 87.5 87.5 87.5 87.5 87.5 
G8 72.5 72.5 72.5 72.5 72.5 
G9 120.5 70.5 70.5 70.5 70.5 

G10 74.5 94.5 100.0 85.0 74.5 
G11 65.0 65.0 65.0 65.0 65.0 
G12 10.0 50.0 10.5 10.0 10.0 
G13 15.0 15.0 15.0 15.0 15.0 
G14 76.5 10.5 24.2 10.5 10.5 
G15 84.5 90.5 10.5 10.5 10.5 
G16 20.0 20.0 20.0 20.0 20.0 
G17 75.8 85.0 85.0 20.0 15.0 
G18 85.0 105.0 85.0 85.0 85.0 
G19 125.5 65.5 65.5 65.5 65.5 
Total 1,346.1 1,279.7 1,149.4 996.5 981.0 

 

TABLE IV.  TOTAL OPERATING COSTS OF GENERATING UNITS 

Gen 
($/h) 

Percentage of Renewable Energy Inclusion 
10% 20% 30% 40% 50% 

G1 994.8 723.8 723.8 723.8 723.8 
G2 304.1 304.1 304.1 304.1 304.1 
G3 464.2 319.1 319.1 319.1 319.1 
G4 29.0 112.4 95.1 29.0 29.0 
G5 454.6 454.6 454.6 454.6 454.6 
G6 364.1 364.1 364.1 364.1 364.1 
G7 503.3 503.3 503.3 503.3 503.3 
G8 448.3 448.3 448.3 448.3 448.3 
G9 1,005.0 520.4 520.4 520.4 520.4 

G10 106.7 132.7 141.1 119.5 106.7 
G11 188.2 188.2 188.2 188.2 188.2 
G12 96.3 248.0 97.0 96.3 96.3 
G13 103.7 103.7 103.7 103.7 103.7 
G14 239.9 107.9 127.4 107.9 107.9 
G15 538.7 583.0 130.8 130.8 130.8 
G16 121.5 121.5 121.5 121.5 121.5 
G17 89.6 104.9 104.9 28.7 25.9 
G18 193.7 257.9 193.7 193.7 193.7 
G19 1,037.0 485.6 485.6 485.6 485.6 
Total 7,282.5 6,083.2 5,426.4 5,242.3 5,226.7 
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By considering the REI throughout the wind energy 
penetration, power productions are provided in Table III for 
each power plant. According to this table, the total power is 
generated around 981-1,346.1 MW to feed the load. These 
committed power plants are affected by the REI associated 
with percentage portions. In addition, the participation of the 
REI is given in several values as its contribution on the existing 
system which are 130.5 MW (10%), 261.1 MW (20%), 391.6 
MW (30%), 522.2 MW (40%), and 652.7 MW (50%).  

 

 
Fig. 7.  Operating fees of the unit commitment  

TABLE V.  POLLUTANT DISCHARGES OF GENERATING UNITS 

Gen 
(kg/h) 

Percentage of Renewable Energy Inclusion 
10% 20% 30% 40% 50% 

G1 54.2 0.5 0.5 0.5 0.5 
G2 0.5 0.5 0.5 0.5 0.5 
G3 60.3 0.5 0.5 0.5 0.5 
G4 1.1 14.3 4.4 1.1 1.1 
G5 0.5 0.5 0.5 0.5 0.5 
G6 0.5 0.5 0.5 0.5 0.5 
G7 0.5 0.5 0.5 0.5 0.5 
G8 0.8 0.8 0.8 0.8 0.8 
G9 222.3 0.3 0.3 0.3 0.3 

G10 0.7 20.7 28.1 9.8 0.7 
G11 0.5 0.5 0.5 0.5 0.5 
G12 20.5 260.1 21.1 20.5 20.5 
G13 1.2 1.2 1.2 1.2 1.2 
G14 13.2 12.0 2.2 12.0 12.0 
G15 32.5 52.3 1.5 1.5 1.5 
G16 3.6 3.6 3.6 3.6 3.6 
G17 1.7 9.8 9.8 1.5 5.6 
G18 0.5 32.7 0.5 0.5 0.5 
G19 280.5 2.1 2.1 2.1 2.1 
Total 695.5 413.4 79.0 58.3 53.3 

 

 
Fig. 8.  Total participations on the economic power operation  
 

In particular, Table III also shows spatial individual power 
outputs of generating units with different capacities even 

several plants are operated constantly. Economically, this 
operation spends the budget as listed in Table IV covered for 
own operated power stations and total operating costs. This 
table also informs that the total cost is used for generating units 
to keep the existing system spent for the fuel consumption and 
the pollutant compensation. In detail, the operating cost is 
5,226.7 $/h to 7,282.5 $/h associated with 10%-50% of the REI 
for the fuel procurement and pollutant compensation as 
detailed in Figure 7.  

TABLE VI.  OPTIMAL SCHEDULED OPERATION 

Targets 
Renewable Energy Inclusion 

10% 20% 30% 40% 50% 
Power of Gen (MW) 1,346.1 1,279.7 1,149.4 996.5 981.0 
Power of REI (MW) 130.6 261.1 391.7 522.2 652.8 
Power Supply (MW) 1,476.7 1,540.8 1,541.1 1,518.7 1,633.8 

Demand (MW) 1,305.5 1,305.5 1,305.5 1,305.5 1,305.5 
Power Loss (MW) 171.2 235.3 235.6 213.2 328.3 

Fuel cost ($/h) 6,958.4 5,890.5 5,389.6 5,215.2 5,201.9 
Emission cost ($/h) 324.1 192.6 36.8 27.2 24.9 

Total cost ($/h) 7,282.5 6,083.2 5,426.4 5,242.3 5,226.7 
Pollutant (kg/h) 695.5 413.4 79.0 58.3 53.3 

 
Moreover, as the environmental effects, the discharged 

pollutant on this operation is presented in Table V. According 
to this table, it is known that each generator produces in a 
different portion of the pollution. In total, the produced 
pollutant will be decreased when the REI is rose up. Based on 
the scenarios of the REI in 10%-50%, the pollution is released 
within 53.3 kg/h to 695.5 kg/h. In total, the unit commitment 
has many impacts in the economic operation as illustrated in 
Figure 8. Mainly, this figure presents participations and 
impacts of the economic operation such the REI, power 
production, demand, loss, and pollution. Then, final results of 
the optimal condition considered the REI are given in Table 
VI. This table compares all performaces based on the theme of 
10%-50% of the REI. Various results are given in the power, 
loss, cost and pollutant. 

VI. CONCLUSIONS 

These works are addressed to solve the SOF considered 
penetrations of the REI based on the ELD and PD problems. 
By considering an environmental protection and operation 
limitations, simulation results demonstrated application of TA 
to the 62-bus system model. The REI affected to the unit 
commitment of power plants which spending different fees on 
fuel consumptions and pollutant compensations. The REI also 
penetrated to the total power production, the operating cost, 
and the produced pollution. In addition, by considering TA’s 
parameters, the convergence speed is quick to select the 
optimal solution. From these studies, the effectiveness 
application on the real sample system is important for future 
investigations and evaluations associated with existed power 
systems and various comparisons to previous algorithms. 

REFERENCES 
[1] Sunil Kumar Soni, Vijay Bhuria, “Multi-objective emission constrained 

economic power dispatch using differential evolution algorithm”, 
International Journal of Engineering and Innovative Technology, vol. 2, 
no. 1, pp. 120-125, July 2012. 

 -

 1,000.0

 2,000.0

 3,000.0

 4,000.0

 5,000.0

 6,000.0

 7,000.0

 8,000.0

10% 20% 30% 40% 50%

O
pe

ra
ti

ng
 fe

es

Penetration of the REI

Total cost ($/h)
Fuel cost ($/h)
Emission cost ($/h)

 -

 500.0

 1,000.0

 1,500.0

 2,000.0

10% 20% 30% 40% 50%

C
om

m
it

te
d 

pa
rt

ic
ip

at
io

ns

Penetration of the REI

Power of Gen (MW) Power of REI (MW)
Power Suppy (MW) Power Demand (MW)

Proc. EECSI 2017, Yogyakarta, Indonesia, 19-21 September 2017

381



[2] N Visali, M Surendranatha Reddy, M Satish kumar reddy, “ Economic 
load dispatch of thermal power plants using differential evolution 
neglecting transmission losses”, International Journal of Engineering 
Science and Innovative Technology, vol. 2, no. 6, pp. 145-151, 
November 2013. 

[3] Qin Wang, Aimin Yang, Fushuan Wen, Jihong Li, “Risk-based security-
constrained economic dispatch in power systems”, J. Mod. Power Syst. 
Clean Energy, vol. 1, no. 2, pp. 142–149, August 2013. 

[4] A.N. Afandi, Hajime Miyauchi, “Solving combined economic and 
emission dispatch using harvest season artificial bee colony algorithm 
considering food source placements and modified rates”, International 
Journal on Electrical Engineering and Informatics, vol. 6, no. 2, pp. 
266-279, June 2014. 

[5] D. C. Huynh and N. Nair, "Chaos PSO algorithm based economic 
dispatch of hybrid power systems including solar and wind energy 
sources," 2015 IEEE Innovative Smart Grid Technologies - Asia (ISGT 
ASIA), Bangkok, 2015, pp. 1-6. 

[6] H. Gangammanavar, S. Sen and V. M. Zavala, "Stochastic Optimization 
of Sub-Hourly Economic Dispatch With Wind Energy," in IEEE 
Transactions on Power Systems, vol. 31, no. 2, pp. 949-959, March 
2016. 

[7] Z. Hasan and M. E. El-Hawary, "Economic dispatch incorporating wind 
energy by BH, BBO and DE," 2016 IEEE Canadian Conference on 
Electrical and Computer Engineering (CCECE), Vancouver, BC, 2016, 
pp. 1-6. 

[8] Afandi, A.N., “Optimal scheduling power generations using hsabc 
algorithm considered a new penalty factor approach”,  in IEEE 
Conference on Power Engineering and Renewable Energy, Bali, 
Indonesia, pp. 13-18, December 2014. 

[9] N. Yan, Z. X. Xing, W. Li and B. Zhang, "Economic dispatch analysis 
of wind power integration into power system with energy storage 
systems," 2015 IEEE International Conference on Applied 
Superconductivity and Electromagnetic Devices (ASEMD), Shanghai, 
2015, pp. 141-142. 

[10] Srikanth Reddy K, L. K. Panwar, B. K. Panigrahi and R. Kumar, 
"Optimal scheduling of uncertain wind energy and demand response in 
unit commitment using binary grey wolf optimizer (BGWO)," 2016 
IEEE Uttar Pradesh Section International Conference on Electrical, 
Computer and Electronics Engineering (UPCON), Varanasi, 2016, pp. 
344-349. 

[11] Anurag Gupta, K.K. Swarnkar, Dr. S. Wadhwani, Dr.A.K.Wadhwani, 
“Combined economic emission dispatch problem of thermal generating 
units using particle swarm optimization”, International Journal of 
Scientific and Research Publications, vol. 2, no. 7, pp. 1-7, July 2012. 

[12] A.N. Afandi,  Fadlika I., Sulistyorini Y, “Solution of dynamic economic 
dispatch considered dynamic penalty factor”. The 3rd IEEE Conference 
on Power Engineering and Renewable Energy, Yogyakarta, Indonesia, 
pp. 241 - 246. Nov 20-30, 2016.   

[13] C. Shao, X. Wang, M. Shahidehpour, X. Wang and B. Wang, "Power 
System Economic Dispatch Considering Steady-State Secure Region for 
Wind Power," in IEEE Transactions on Sustainable Energy, vol. 8, no. 
1, pp. 268-278, Jan. 2017. 

[14] A.N. Afandi, “Optimal solution of the EPED problem considering space 
areas of HSABC on the power system operation,” International Journal 
of Engineering and Technology, vol. 7, no. 5, pp. 1824-1830, May 2015. 

[15] M. R. Andervazh and S. Javadi, "Emission-economic dispatch of 
thermal power generation units in the presence of hybrid electric 
vehicles and correlated wind power plants," in IET Generation, 
Transmission & Distribution, vol. 11, no. 9, pp. 2232-2243, July 2017. 

[16] H. Chen, R. Zhang, G. Li, L. Bai and F. Li, "Economic dispatch of wind 
integrated power systems with energy storage considering composite 
operating costs," in IET Generation, Transmission & Distribution, vol. 
10, no. 5, pp. 1294-1303, April 2016. [13] A.N. Afandi, Irham Fadlika, 
Andoko, “Comparing performances of evolutionary algorithms on the 
emission dispatch and economic dispatch problem”, Telkomnika, vol 
13, no 4, pp. 1187-1193, December 2015. 

[17] Bishnu Sahu, Avipsa Lall, Soumya Das, T. Manoj Patra, “Economic 
load dispatch in power system using genertic algorithm”, International 
Journal of Computer Applications, vol. 67, no. 7, pp. 17-22, April 2013. 

[18] Afandi, A.N. “Thunderstorm algorithm for assessing thermal power 
plants of the integrated power system operation with an environmental 
requirement”, International Journal of Engineering and Technology, 
vol. 8, no. 2, pp. 1102-1111, April 2016. 

[19] Arif Nur Afandi, Yunis Sulistyorini, “Thunderstorm algorithm for 
determining unit commitment in power system operation”, J. Eng. 
Technol. Sci., vol. 48, no. 6, pp. 743-752, 2016. 

[20] C. Barthe, M. Chong, J.-P. Pinty, C. Bovalo, and J. Escobar, “Updated 
and parallelized version of an electrical scheme to simulate multiple 
electrified clouds and flashes over large domains”,  Geosci. Model Dev., 
vol. 5, no. 1, pp. 167-184, January 2012. 

 

Proc. EECSI 2017, Yogyakarta, Indonesia, 19-21 September 2017

382



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


