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Abstract –The Electricity and Cogeneration Regulatory 
Authority (ECRA) in Saudi Arabia issued a directive to charge 
commercial and industrial customers for reactive power 
consumption. Consequently, Saudi Aramco formed a taskforce 
to assess the economic and technical impact on the company 
as a result of the new ECRA resolution. Relevant data were 
collected from more than eight hundred (800) sites and potential 
increase in utility charges was estimated to be twenty million 
dollars ($20MM) on annual basis.   Corrective measures were 
studied from both technical and economic standpoints and 
recommendations were made for each applicable facility. The 
recommendations included utilizing onsite synchronous 
machines and/or installation of Power Factor Correction (PFC) 
capacitor banks to locally support the reactive power 
requirements. PFC capacitor banks, being the most common 
solution, were studied in detail, and directions were provided to 
avoid potential compromises in system reliability. 

 
Index Terms — Power Factor Correction, Net Present Value, 

Harmonic Resonance, Reactive Power Charges 
 

I.  INTRODUCTION 
 

A.  Technical Overview 
 
Useful working power (mechanical energy, heat, light, etc.) is 

produced by the effect of active power (P) conversion. The 
reactive power (Q) doesn’t produce any useful power. Yet, the 
reactive power enables the active power to be transmitted to 

electrical loads. The power factor is the ratio of real power to 
apparent power and expressed as: 

ܨܲ  = ܲܵ =  ܣܸܯ/ܹܯ

 
Power factor reflects how efficiently the electric power is being 

utilized. The closer the power factor to unity (1), the less reactive 
power is produced and the more active power can be generated 
and transmitted. 

Reactive power (Q) takes up space on transmission lines 
leaving less room for active power (P). Furthermore, reactive 
power is difficult to transfer over long distances and is attributed 
to recent major blackouts worldwide. 

Utilities in Saudi Arabia gradually started imposing penalties 
on industrial and commercial customers with power factor below 
0.95. For large industrial customers the penalties could add up 
to tens of millions of dollars in additional utility charges on 
annual basis. 

 
B.  Background 

 
The Electricity and Co-Generation Regulatory Authority 

(ECRA) ruled that a tariff consumption of $13.33/Mvarh will be 
applied when reactive power consumption exceeds 0.9 starting 
15 July 2017 at the point of interface (POI) with the public grid 
operated by Saudi electricity Company (SEC). Starting 22 May 
2022 the far more stringent of 0.95 will be applicable [1]. 



 

 

A task force surveyed all Saudi Aramco plants and gathered 
active and reactive power data to assess the current situation. 
Power factor correction requirements were studied and 
budgetary cost proposals were obtained from various 
manufacturers to estimate the total cost of implementation. 

Initially, more than seven hundred (700) SEC meters were 
surveyed to determine ECRA resolution applicability as shown in 
Figure 1. 

 
Figure 1 SEC meter survey 

In addition, one hundred and fourteen (114) major facilities 
were further categorized as follows (see Figure 2 for illustration): 

• Facilities with synchronous motor where power factor 
could be corrected by modification of motor’s excitation 
control, 

• Facilities with cogeneration which are excluded from 
ECRA’s ruling, 

• Facilities that have been mothballed, and 
• Facilities where implementation of power factor correction 

would yield economic benefit.  
 

 
Figure 2 Major Facilities 

The following types of facilities were excluded from the 
analysis since they are not included in ECRA’s ruling: 

• Facilities that are not directly connected to the grid, and 
• Facilities with less than 1 MVA connected load.  
 

C.  Objectives 
 
The objectives of the Power Factor Correction Technical and 

Economic Assessment were: 
• Maximizing profitability by reducing electric utility bills, 

• Complying with applicable Grid Code requirements 
stipulating that sites and facilities supplied at 115 kV or 
above shall ensure that the power factor at POI does not 
fall below 90% lagging at any time, 

• Optimizing fuel consumption and improve energy savings, 
and 

• Efficiently meeting the country’s energy demand and 
contribute to the development of the economy by 
increasing system capacity, deferring capital investment 
and reducing energy losses. 

 
D.  Approach 

 
The task force surveyed all Saudi Aramco plants and facilities 

and gathered active and reactive power data to assess the 
current situation as follows: 

• Reaching out to Saudi Aramco’s power control center 
(PCC) to provide active and reactive power hourly 
readings for a representative year, 

• Trending power factor variations based on data provided 
by the PCC. See attachment-A for a sample trend. 

• Obtaining missing information – where applicable - from 
power system analysis software. 

• Estimating the net present value (NPV) of utility reactive 
power charges for all company facilities as stipulated in 
ECRA’s ruling. 

• conducting market research to specify proper corrective 
solutions to avoid the utility reactive power charges, 

• obtaining budgetary proposals to estimate the total cost of 
solution implementation, 

• Calculating the total NPV in terms of cost avoidance and 
tabulate the results, and 

• Providing recommendations to concerned plants to 
conduct site specific studies and implement remedial 
actions. 

 
 

II.  CORRECTION ALTERNATIVES TECHNICAL 
EVALUATION 

 
The task force evaluated various correction alternatives to 

correct power factor and categorized them as follows: 
 

A.  Operational Approach 
 
Many Saudi Aramco plants have synchronous motors which 

could be utilized to correct power factor. Overexciting the motor 
would generate reactive power with leading power factor.  

In one facility, originally the power factor was 0.8 at the POI. 
However, there are twelve (12) - 16000 HP synchronous motors 
available within the facility. By adjusting the excitation for each 
motor, the 0.95 target power factor can achieved at the POI. 
This being said, the motor thermal limits should be carefully 
examined prior to adjusting the excitation.  

Overall, ten (10) facilities were identified where motor 
excitation adjustment would support the plant reactive power 
demand without the having the power factor falling below 0.95 at 
the POI.   
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B.  Equipment Approach 
 
Power factor could be corrected by installing additional 

equipment such as capacitor banks and synchronous 
condensers. 

1)  Capacitor Banks: There are three options for 
installing power factor correction capacitor banks as 
follows: 
• Low voltage Metal Enclosed- indoor/outdoor 
• Medium Voltage Metal Enclosed- 

indoor/outdoor 
• Medium Voltage Rack-Mount- outdoor 
Installing medium voltage banks would be more 

preferred since it takes more advantage of the load 
diversity than if installed at low voltage level. However, 
in some cases the site specific analysis might reveal 
that installing the capacitor banks at low voltage is 
more feasible.  

Installing outdoor metal enclosed capacitor banks 
has some concerns related to temperature ratings. 
Some manufacturers propose integral HVAC 
installations to meet the temperature criteria stipulated 
in company standards (50 degrees Celsius), which 
might cause maintenance concerns. Therefore, the 
installation of metal enclosed capacitor banks was 
recommended to be limited to indoor substations. If no 
room is available inside an existing substation, rack-
mount out door capacitor banks, which are widely used 
by SEC, was recommended to be considered.   

2)  Synchronous condensers:  Synchronous motors are 
installed to drive large mechanical loads such as oil 
shipper pumps and gas compressors. In addition, 
they could provide reactive power to the system 
when the motor excitation control is set properly. 
Synchronous condensers are similar to synchronous 
motors without a mechanical load. In other words, 
synchronous condensers are designed specifically 
for reactive power compensation. Synchronous 
machines are active elements and can respond to 
power factor correction in a dynamic manner. 
However, they require more periodic maintenance 
than capacitor banks. Generally, the average 
installed cost for synchronous condensers varies 
from $50 to $200 per kvar and maintenance runs 
about from $0.8 to $1.6/kvar per year. 
 

Overall, the taskforce considered capacitor banks for the 
economic and technical analysis conducted in this report since it 
is the prevalent solution in the industry. However, this does not 
rule out the application of other solutions provided they prove 
their feasibility. 

 
C.  Ancillary Services and Power Wheeling 

 
Many utilities around the world pay for reactive power support 

provided by customers, which is often referred to as ancillary 
services. To date, no such agreement has been achieved with 
ECRA. Nonetheless, having such agreement in place does not 
remove the economic benefit related to power factor 

improvement at Saudi Aramco sites, as more ancillary services 
(reactive power) can be sold. 

Power wheeling is the transmission of the reactive and/or 
active power from the buyer (SA facility) to seller (SEC source) 
then to another same buyer’s facility. The active/reactive power 
provided by the buyer may be due to availability of cogeneration 
facility within the site or ring system configuration such that the 
buyer (SA) is connected to into a back to back to the seller 
through same/another facility within the same vicinity. 

Overall, nine (9) cases were identified where considering 
power wheeling would result in eliminating reactive power 
charges. 

 
III.  ECONOMIC ANALYSIS 

 
A.  Data Source 

 
Power system parameters for the power factor correction 

study were extracted from the PCC supervisory control and data 
acquisition (SCADA) system for most of company’s facilities with 
100 percent confidence level. The remaining facilities did not 
have Remote Terminal Units (RTU) to extract data from. For 
those facilities power system analysis software was utilized to 
obtain the real and reactive power parameters of (assumptions 
were made based on typical consumption for similar facilities. 

Facilities that have co-generation and/or synchronous motors, 
or that are not directly connected to the public grid and/or 
consume less than 1 MVA and/or are of residential nature were 
excluded from the analysis. 

 
 

B.  Reactive Power Charges Forecast 
 
Graphical representations (charts) were created for all 

facilities based on formulas detailed in Attachment-A. In 
addition, attachment-A includes a sample chart that reflects the 
active and reactive energy consumption for a representative 
year as well as the forecasted utility reactive power charges 
based on ECRA’s ruling. This kind of chart was developed for all 
subject facilities. 

ECRA’s ruling would translate into well over $ 100 million in 
net present value (NPV) of utility reactive power charges for all 
of the company’s facilities studied. 

 
C.  Net Present Value Calculation Methodology 

 
The methodology used for Power Factor Correction Technical 

and Economic Assessment is the discounted cash flow (DCF) 
valuation. 

The value of the power factor correction project is the net 
present discounted value of future expected cash flows. The 
approach accounts for the time value of money; that is to say it 
takes into consideration the fact that a dollar received today is 
worth more than a dollar received tomorrow. Discounted cash 
flow analysis accounts for the underlying risk of a project 
through the choice of the discount rate. The discount rate is the 
risk-adjusted opportunity cost of capital. 

The assessment employed DCF analysis based on 
decremental cash flows. The methodology compares the 
existing base line – i.e. paying penalty charges - or to a number 
of investment timing options – some of which to incur penalty 
charges for a limited duration. 



 

 

The cash flows for potential power factor correction 
implementation projects were expected future cash flows. They 
were entered as the most realistic expectation of future cash 
flows, not as the most optimistic or most pessimistic outcome. 

Cash flows included the effect for inflation, defined as a 
change over time of the economy-wide price level. Inflation is 
equivalent to a loss of buying power of a unit of currency in the 
future. 

Before discussing the necessary adjustments made to cash 
flows it is useful to provide some definitions. 

Escalation measures the actual increase in the cost or price of 
a specific item. It is frequently expressed as a percentage 
change per year and reflects changes in relative prices, that is, 
changes in prices relative to other items, and nominal changes, 
that is changes in general background inflation. 

Inflation is a broad measure of the change in the general price 
level over time. It is constructed as an index and measured in 
percentage change per year. The index is designed to reflect a 
basket of goods and services that represents what the 
representative consumer buys (for the consumer price index) or 
what the entire economy produces (for the GDP deflator). The 
GDP deflator measures the loss of purchasing power of the 
currency. 

Nominal rates, such as nominal discount rates, rates of return 
or interest rates include inflation and measure the actual return 
or interest received on an investment. 

Real rates in contrast adjust for inflation and measure the 
return over and above inflation. In other words real rates 
measure the gain to investors after they have paid for the loss of 
purchasing power.  

Current or nominal dollars (or units of currencies) are the 
actual amounts received or spent at any time and include the 
effects of cost escalation. They are the equivalent to nominal 
rates and must be used with them when conducting economic 
evaluation. 

Constant or real dollars (or units of currencies) are current 
dollars adjusted for inflation or corrected for the loss of buying 
power. Constant dollars are expressed with reference for a base 
year, say 2015. Constant (year) 2015 dollars today reflect the 
same purchasing power as the dollar in the year 2015. Constant 
dollars must be discounted using the appropriate inflation rate to 
obtain a suitable real rate. 

Economic evaluations carried out as part of the Power Factor 
Correction Technical and Economic Assessment used nominal 
cash flows, i.e. current currency units including inflation, and 
nominal discount rates. 

The Net Present Value (NPV) is the present value of all future 
cash flows. In its most general formulation all cash flow patterns 
can be considered, including those that have cash outflows not 
only at time zero, but also in the future. The NPV shows the 
amount of value added as a currency amount, while 
incorporating the time value of money. The reinvestment 
assumptions are the most realistic, assuming that cash flows 
can be reinvested at the opportunity cost of funds. This is almost 
always achievable simply by starting to pay down the sources of 
capital. A project’s net present value is given as: ܸܰܲ = ௧(1ܨܥ + ௧(ݎ

௧ୀ  

CFt = net post-tax cash flow at time t for an all equity firm, and 
r= required rate of return.  
 

The most theoretically sound decision criterion when 
evaluating projects is the NPV. Economic value is created when 
investments earn at least their risk-adjusted opportunity cost of 
capital. In terms of discounted cash flow analysis, this means 
that a project or investment must have a positive net present 
value at the appropriate discount rate to be considered 
economic. The decision rule is as follows: 

 
If NPV>0 → invest 
 
If NPV<0 → do not invest. 
 
A positive NPV is a necessary condition for any project to 

proceed. In other words a negative NPV rules out a project 
because that means effectively that a project is not earning its 
opportunity cost of capital, thereby destroying economic value. 

 
D.  Assumptions 

 
The following assumptions were adapted for the economic 

evaluations and are – among other - based on budgetary 
proposals obtained from various manufacturers: 

• Cost power compensation device: $35,000/Mvar 
• Ratio installed cost / equipment cost: 2.5 
• Capex power factor improvement per 1 Mvar 

(suitable for indoor installation): $87,500/Mvar 
• Outdoor installation cost multiplier: 130% 
• Fixed cost building: $675,000/ power compensation 

device 
• Fixed cost main power cable: $3,200/power 

compensation device 
• Ratio opex/ capex: 2.0% 
• Cost escalation factor: 3.0% 
• Tariff escalation factor: 0.0% 
• Discount rate: 5.0% 
• End of economic life: 2040 

 
E.  Assessment Results 

 
A summary table was produced showing for each of the 114 

facilities studied the following information: 
• annual reactive energy charges at each site if no power 

factor correction is implemented in period 2017 to 2021, 
• annual reactive energy charges at each site if no power 

factor correction is implemented starting from 2022, 
• reactive power compensation required to achieve 0.95 

lagging power factor, 
• capital expenditures (Capex) at each site to procure and 

install power factor correction equipment to achieve 0.95 
power factor, 

• power factor correction project completion year that yields 
maximum NPV (whilst incurring reactive energy charges 
until project completion), and 

• overall NPV improvement as a result of implementing 
power factor correction at respective each site. 

 
F.  Findings 

 
Analyzing the assessment results yielded several findings. 



 

 5  

• Implementing power factor correction measures was 
economically attractive at 68 out of the 114 facilities 
studied in detail 

• The estimated utility reactive power charges for the 68 
identified facilities based on ECRA ruling are $6.0 million 
per annum (0.90 lagging power factor) in the period 15 
July 2017- 21 May 2022, and thereafter $19.5 million (0.95 
lagging power factor). 

• The total capital expenditure to install power factor 
correction for the identified facilities is $24.49 million in 
case the correction equipment is installed outdoor, 
whereas the capital expenditure would equal $64.15 
million in case the equipment would be installed in new 
dedicated buildings. 
• The total Net Present Value in terms of cost 

avoidance is: $121 million when the equipment is 
installed outdoor, or $52 million when the equipment 
is installed in new dedicated buildings. 

 
IV.  CONSIDERATIONS FOR APPLYING POWER 

FACTOR CORRECTION CAPACITOR BANKS  
 

Adding capacitor banks to an electrical system could have an 
adverse impact on the system if it is not properly applied. The 
presence of harmonic in the system could lead to an undesirable 
results. Therefore, the capacitor bank has to be properly 
designed to avoid such results.   

 
A.  Capacitor banks and Resonance 

 
Harmonics exist in power systems due to the presence of 

non-linear loads (i.e. power electronics) and also due to non-
linear behavior of some linear loads. Harmonics is an 
undesirable factor in the power networks causing different 
harmful outcomes ranging from minor trips to major equipment 
failures. Thus, one aspect of the power quality (PQ) of power 
systems is the percentage of harmonics in the networks. The 
most common indices of harmonic measurement are Current 
Total Harmonic Distortion (ITHD) and Voltage Total Harmonic 
Distortion (VTHD), which are the ratio of the harmonic content to 
the fundamental quantity as follows (same definition applies for 
ITHD) [2] [3]:  

ܦܪܸܶ  =	ට ∑௦௨௦		௧௨ௗ௦			௩௧	௦௦௨		௧	௧௨ௗ		௧	௨ௗ௧	௩௧    %100	ݔ

  
 

With PFC capacitor banks added to the electrical system, 
these indices are expected to increase greatly by creating 
parallel resonance points at the bus where the capacitor is 
connected. The parallel resonance point is created because the 
new capacitor bank is now in parallel with inductive power 
system network which can be approximated by a single 
inductor. The parallel resonance point can be approximated as 
follows: 

 ℎ = ටቀெ௦ெோቁ   
 

Where: 

ℎ Parallel Harmonic Resonance; 	ℎ = 	 ೝ;  ݂ 	 The resonance frequency ܿݏܣܸܯ		Available short circuit power at the capacitor 
connection ܴܣܸܯ   Size of capacitor bank in Mvar 

 
Commercially available power system simulation software 

have the option to run frequency scan at pre-specified buses. 
The frequency scan demonstrates the variation of system 
impedance versus frequency. As the frequency approach the 
parallel resonance point, the system impedance approaches 
infinity as shown in figure 3 where the system is resonant at the 
7th harmonic: 

 

 
Figure 3: Frequency scan- Parallel resonance at the 7th 

harmonic 
 

Having a parallel resonance point in the electrical system is 
not a problem by itself. The problem occurs with the presence of 
a specific load’s harmonic that matches the parallel resonance 
frequency of the system. This matching will lead to amplifying 
this harmonic and resulting in excessive VTHD values on the 
bus where the capacitor is connected. Consequently, all loads 
connected to this bus will start to draw distorted current leading 
to premature failures in various equipment in the system [3]. 
Therefore, the company standards states the current and 
voltage total harmonic distortion shall not exceed limits identified 
in IEEE- 519 at the PCC. Furthermore, specifies the PCC as the 
switchgear bus.  

As an example, six pulse variable frequency drives mainly 
produce the 5th and 7th harmonics. This is based on the 
following formula to determine the characteristic harmonic based 
on the number of pulses (diodes) in the front end of a VFD/UPS 
[2]: 

 ℎ = ݊ ± 1 
Where:  ℎ  Harmonic order   Number of pulses (number of diodes in the rectifier 

bridge in the front end of a VFD or a UPS) ݊ Integer, 1, 2, 3, 4… 
 
Having such a drive in the system will likely to result in 

excessive current and voltage total harmonic distortion. This is 
because it produces the 7th harmonic that matches the parallel 
resonance point of the system. This will cause excessive current 
and voltage harmonic distortion leading to premature failures in 
various system components including the capacitor bank itself. 
Such events should be avoided in the design phase of PFC 
applications and the following sections introduces a simplified 
methodology and case study to illustrate this idea.  

 
B.  Methodology for PFC capacitor bank application 
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Before installing PFC capacitor banks, a special attention 

should be given to the harmonic distortion constraints as 
specified in company and international standards (IEEE 519). 
Figure 4 for recommended design procedure for passive 
harmonic filter/PFC bank with reactor [2]: 

 

 
Figure 4: Harmonic Filter Design Methodology for PFC 

Application [2] 
 

In order to prevent any undesirable events associated with 
PFC application, frequency scan analysis is conducted at each 
capacitor’s step and for each possible system configuration. 
This should be followed by a harmonic load flow analysis to 
determine whether current and voltage total harmonic distortions 
are within acceptable limits or not. If a harmonic resonance 
problem is discovered, a detuned filter shall be specified where 
a reactor is added in series to the capacitor element. The 
reactance is chosen to form a series resonance circuit at a 
frequency below the first industrial harmonic which is the 5th. 
Typically, for power factor application the detuning is chosen at 
the 4.2nd harmonic order, whereas for harmonic filtering 
application, the tuning is chosen at the 4.7th harmonic order to 
partially absorb the fifth harmonic. This is referred to as a single 
tuned filter. A multi-tuned filter shall be designed to absorb 
multiple harmonic orders if needed [2] [4] [5].  

As illustrated in Figure 4, site measurements including load 
profile and harmonic spectrum are essential for proper filter 
design. Figures 5 and 6 demonstrate sample measurements 
taken at main 13.8 kV switchgear bus at one of Saudi Aramco 
plants. The waveform signature reflects a 12 pulse VFD 
behavior, which is actually present at the plant.  

 

 
Figure 5: Voltage Waveform 

 

 
Figure 6: Harmonic Spectrum  

 
C.  Case Study 

 
System shown in figure 7 represents a typical Saudi Aramco 

primary distribution scheme at 13.8 kV. The double ended 
substation has been considered operating with the tie breaker 
closed and one incomer breaker open (i.e. single ended). In 
addition, 4 MVA nonlinear (6 pulse drive) load and 40 MVA 
linear load (motors) were considered. For each of the cases 
below, the following is illustrated as applicable:  

• Load flow single line diagram (SLD) 

• Voltage waveform at the 13.8 kV bus 

• Voltage harmonic spectrum at the 13.8 kV bus 

• Impedance frequency scan at the 13.8 kV bus 

• Harmonic load flow single line diagram 
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Figure 7: Single Line Diagram of a Typical Saudi Aramco 

Distribution System 
 

1)  Case 1: capacitor with motor load: The non-linear 
load is de-activated and the PFC capacitor banks is 
installed to correct the power factor to 0.95 for a 
linear load (40 MVA).  The following figures 8-10 
show the single line diagram (SLD), the voltage 
waveform and the frequency scan after the PFC 
capacitor bank application 

 
Figure 8: Case 1 Load flow SLD 

 
As expected, the voltage waveform is free of distortion due to 

absence of non-linear load. 
2)  Case 2- capacitor with motor load and 10% 
nonlinear load: A 4 MVA nonlinear load is introduced 
into the system (Load-0002).Figure 12-14 
demonstrate an excessive VTHD with a value of 
5.5% at the point of common coupling (PCC), which 
is violating the harmonic distortion limits identified in 
company standards.  
 

 
Figure 9: Case 1- Voltage waveform at the 13.8 kV bus 

 

 
Figure 10: Case 1- Frequency scan at the 13.8 kV bus 

 

 
Figure 11: Case 2; Load flow SLD 

 

 
Figure (12): Case 2; Voltage waveform at the 13.8 kV bus 

 

 
Figure 13: Case 2- Voltage Harmonic Spectrum at the 13.8 kV 

bus 
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Figure 14: Case 2-Harmonic load flow at the 13.8 kV bus 

 
3)  Case 3- A detuned bank (Filter) with motor load and 

10% nonlinear load: A filter design (capacitor bank 
with a series reactor) was considered to meet the 
harmonic distortion limits, the filter was detuned at 
4.2th order to force the parallel resonance point to 
be away from the common harmonic orders 
generated by the non-linear loads. It is noted that the 
voltage waveform is now much cleaner than the 
previous case. Furthermore, the VTHD at the point 
of common coupling is reduced to 0.6%; which is 
acceptable by company standards, Figure 15-19.  

 
Figure 15: Case 3- Load flow SLD 

 

 
Figure 16: Case 3- Voltage waveform at the 13.8 kV bus 

 
Figure 17: Case 3- Frequency scan at the 13.8 kV bus 

 
Figure 18: Case 3- Voltage Harmonic Spectrum at the 13.8 kV 

bus 

 
Figure 19:  Case 3- Harmonic load flow at the 13.8 kV bus 

 
4)  Case 4- Capacitor with motor load and 10% 

nonlinear only- 2Mvar step: As illustrated in the 
design methodology, the resonance shall be 
checked for all possible steps of the added capacitor 
banks to ensure that PFC applications will not cause 
any harm to the system under any circumstances. In 
this case study, a two (2) kVAR step was examined 
and it caused a shift in the parallel resonance point 
from the 7th harmonic (Case 2) to the 17th 
harmonic. The 17th harmonic is another common 
harmonic order caused also by with 18-pulse drives. 
The total harmonic distortion is now 6.1% violating 
the specified limits as shown in figure 24. Figures 
20- 24 explain this case study graphically. 
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Figure 20: Case 4- Load flow SLD 

 
Figure 21: Case 4- Voltage waveform at the 13.8 kV bus 

 
Figure 22: Case 4- Frequency scan at the 13.8 kV bus 

 
Figure 23: Case 4- Voltage Harmonic Spectrum at the 13.8 kV 

bus 
 

5)  Case 5- A detuned bank (filter) with motor load and 
10% nonlinear only- 2 Mvar step: Similar to case (3), 
the de-tuned filter is now applied at 4.2th order and 
the parallel resonance point is now shifted to a value 
below 4.2. Hence, the total harmonic distortion is 
now reduced to 0.9% in compliance with company 
standards, Figures 25-29. 

 
Figure 24: Case 4- Harmonic load flow at the 13.8 kV bus 
 

 
Figure 25: Case 5- Load flow SLD 

 
Figure 26: Case 5- Voltage waveform at the 13.8 kV bus 

 
Figure 27: Case 5- Frequency scan at the 13.8 kV bus 
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Figure 28: Case 5- Voltage Harmonic Spectrum at the 13.8 kV 

bus 

 
Figure 29: Case 5- Harmonic load flow at the 13.8 kV bus 

 
From the above case studies, it is clear that adding as low as a 
10% nonlinear load to a system that is resonant at a critical point 
will lead to violating the voltage distortion limits while the 
capacitor bank performance is still acceptable. Hence, a 
detuned PFC capacitor bank is required all the time regardless 
of the load’s harmonic content. This application will result in 
meeting the VTHD criterion at the point of common coupling 
(PCC) as defined in company standards. In addition, a detuned 
filter eliminates the possibility of attracting harmonics from a 
neighboring facility, and prevents parallel resonance in case a 
nonlinear load is added in the future. Measurements and 
harmonic analysis shall be conducted prior to power factor 
correction implementation. This is required to properly size the 
filter bank in terms of reactor ampacity and capacitor ratings. 
Filter (detuned PFC capacitor bank) shall be detuned to a typical 
value of 4.2th order. The detuning point could be increased to 
4.6th to avoid parallel resonance at the third harmonic (in case 
measurements showed presence of 3rd harmonic). It is worth 
mentioning, that in all cases that the filter bank should evaluated 
based on IEEE 18 criterion as follows:  
• Capacitor operating voltage, current and kvar shall not exceed 
100 % of respective rated values under normal system 
operation. 
• Capacitor operating voltage, current and kvar shall not exceed 
110 % of rated voltage, 135% of rated current and 135% of 
rated kVA respectively under system contingency operation.  
• Reactor rated current shall be based on calculated total filter 
current including harmonics [6]. 
 
 
 

 
V.   CONCLUSIONS 

 
Implementation of power factor to existing facilities requires 

careful technical and economic analysis. The economic analysis 
should go beyond straightforward payback calculations. The 
investment decision should be based on Net Present Value 
calculations. Furthermore, from technical standpoint, the 
analysis should entail conducting baseline power quality 
measurements to estimate the harmonics in the system prior to 
implementing power factor correction capacitor banks. 
Specifying a detuning reactor might be worthwhile, even with as 
low as 10% harmonic load. This will greatly enhance the system 
immunity against resonance in case future nonlinear loads are 
added to the system. 

 
 

VI.  REFERENCES 
[1] SEC 2014. [Online]. Available: https://www.se.com.sa/en-
us/Pages/IndustrialSector.aspx. 
[2] J. C. Das, Power System Analysis: Short Circuit Load Flow 
and Harmonics, 2002.  
[3] T. M. Blooming and D. J. Carnovale, "Capacitor Application 
Issues, IEEE Transactions on Industry Applications, vol. 44, no. 
4, pp. 1013-1026, 2008. 
[4] C. L. Cooper, R. O. Pragale and T. J. Dionise, "A Systematic 
Approach for Medium-Voltage Power Factor Correction Design," 
IEEE Transactions on Industry Applications, vol. 49, no. 3, pp. 
1034-1055, 2013.  
[5] IEEE Std 1036 - Guide for Application of Shunt Power 
Capacitors, 2010 
[6] IEEE Std 18- IEEE Standard for Shunt Power Capacitors, 
2012, pp.5. 

 
VII.  VITA 

 
 

Rakan El-Mahayni, PE (IEEE S ’04, M ’07, SM ’09) received 
the B.S.E.E. degree from the Electrical Power Engineering 
Division, University of Damascus, Damascus, Syria, in 1998, 
and the M.S.E.E. degree from California State University, 
Sacramento, CA, USA, in 2006, both in electrical engineering. 
He joined Siemens AG as a Testing and Commissioning 
Engineer for the 400 KV power interconnection projects 
between the Middle East and Europe. In 2002 he joined Eaton 
Corporation, Hayward, CA, as a Field Service Engineer 
conducting start up, testing and maintenance for medium and 
low voltage systems. In 2005 he joined the Power System 
Engineering Department, Livermore, CA, as a Power System 
Engineer conducting power system studies. In 2012, he joined 
the Saudi Aramco’s Consulting Services Department as 
Consulting Electrical Engineer providing technical support and 
consultancy to various Saudi Aramco oil and gas plant 
operations. Mr. El-Mahayni is a licensed Professional Engineer 
in the state of California. 
 

Roland van de Vijver received his received the B.S.E.E. 
degree from Zeldenrust-Steelantcollege in 1983 and the 
M.S.E.E. degree from Eindhoven University of Technology in 
1990, both in electrical engineering. He Joined Shell, 
Netherlands, as an assistant engineer for electrical services 
conducting power system analysis studies. In 1991, he joined 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Plot1 - Distortion Spectrum
Study1 - cap nl load only- dt filter - BUS-0002 - Bus Distortion

B
u

s
 D

is
to

r
tio

n
 V

o
lta

g
e

 S
p

e
c

tr
u

m
 (

p
u

)

Harmonic Order

UTIL-0001

S

P

XF2-0001
I_THD 21.7 %
I_RMS 17.6 A
I_T 3825.6
I_K 3.0

BUS-0002
V_THD 0.9 %
V_RMS 13792.8 

LOAD-0001LOAD-0002FLTR-0001

PD-0001 Open PD-0002



 

 11  

Shell Eastern Petroleum, Singapore, as an electrical engineer 
coordinating the installation and commissioning for various 
electrical systems in Shell refineries. He continued working with 
Shell, Netherland in different technical and managerial roles with 
increasing responsibilities. In 2009, he was appointed as a 
General Manager, Power for Shell Gas & Power International. In 
2013, he joined Saudi Aramco’s Power system Planning 
Department developing and updating investment and master 
plans for Saudi Aramco’s captive power systems to maintain 
reliable and efficient operation thereof.  
 
Rashid O. Al-Rashidi received his B.S. in Electrical Engineering 
from King Fahd University in Dhahran, Saudi Arabia in 2008 and 
MS degree from Michigan Technological University in USA in 
2014. In 2008, He Joined the Saudi Aramco’s Consulting 
Services Department as an Electrical Engineer. In 2009, he was 
deployed to the Power Operation Department at Abqaiq plant. 
Mr. Rashidi is a licensed professional engineer in Saudi Arabia 
since 2012 and he specializes in power system analysis and 
design.  
 
Abdullah A. Al-Nujaimi (IEEE M, 2014) graduated from KFUPM 
in 2013 with a bachelor degree in Electrical Engineering (First 
Honor). He joined Saudi Aramco in July 2013 working for 
Consulting Services Department, Transmission and Distribution 
group. He had a two-year assignment with Ras Tanura Refinery. 
His primary interests are Power Systems Studies, Power 
System Quality and Electrical Equipment troubleshooting and 
commissioning. 

 



  

 

A
T

T
A

C
H

M
E

N
T

 A
 

 
P

O
W

E
R

 D
A

T
A

 A
N

D
 U

T
IL

IT
Y

 C
H

A
R

G
E

S
 F

O
R

E
C

A
S

T
 

 
 T

he
 u

til
ity

 r
ea

ct
iv

e 
po

w
er

 c
ha

rg
es

 fo
r 

si
te

s 
w

ith
 m

on
th

ly
 m

et
er

 r
ea

di
ng

s 
by

 th
e 

pu
bl

ic
 g

rid
 o

pe
ra

to
r 

S
E

C
 w

er
e 

fo
re

ca
st

ed
 b

as
ed

 o
n 

th
e 

fo
llo

w
in

g 
fo

rm
ul

a:
 

ܣ  ௧
௬	௧


= ۓ۔ۖەۖ

0,		
ܳ ே,௦

௨௧


ଶସ ேୀଵ
≤

ேܲ,௦
௨௧

tanc
osିଵ ܨܲ

௧
ଶସ ேୀଵ

(ܳ ே
,௦௨

௧
− ேܲ

,௦௨
௧

tanco
sିଵ ܨܲ 

௧)ܶ
ଶସ ேୀଵ

,		ܳ
ே,௦

௨௧


ଶସ ேୀଵ
>

ேܲ,௦
௨௧

tanc
osିଵ ܨܲ

௧
ଶସ ேୀଵ

 [ܴܣܵ]
ܽ݀=ܦ 

݉	݊݅	ݏݕ
 ℎݐ݊

ேܲ,௦
௨௧

=ܽ
݁	݁ݒ݅ݐܿ

	ݕ݃ݎ݁݊
݉ݑݏ݊ܿ

݁݀	݅݊	ℎ
	ܰ	ݎݑ

[ܹ݇ℎ] 
ܳ ே,௦

௨௧
=݁ݎ

	݁ݒ݅ݐܿܽ
ݕ݃ݎ݁݊݁

ݑݏ݊ܿ	
݉݁݀	݅݊

	ℎݎݑ	ܰ
ℎݎܽݒ݇]	

] 
ܨܲ ௧

ݓ=
݂ܿܽ	ݎ݁

݁ݎݐ	ݎݐ
ܽ	݈݀ℎݏ

ݑ݅ݐݏ	ݏ
ܾ	݀݁ݐ݈ܽ

ܣܴܥܧ	ݕ
݅ݏ݅ܿ݁ܦ	

.ܰ	݊
2/27/3

3	 
ܽݐ=ܶ

݁ݎ	݂݂݅ݎ
	݁ݒ݅ݐܿܽ

ݕ݃ݎ݁݊݁
݅ݐݏ	ݏܽ	

݀݁ݐ݈ܽݑ
ܴܥܧ	ݕܾ	

݅ܿ݁ܦ	ܣ
ܰ	݊݅ݏ

2/27.
/33	=

0.05	[
ܴܣܵ [ℎݎܽݒ݇

 

 W
he

re
as

 th
e 

ut
ili

ty
 r

ea
ct

iv
e 

po
w

er
 c

ha
rg

es
 fo

r 
si

te
s 

w
ith

 h
ou

rly
 m

et
er

 r
ea

di
ng

s 
by

 S
E

C
 w

er
e 

fo
re

ca
st

ed
 b

as
ed

 o
n 

th
e 

fo
llo

w
in

g 
fo

rm
ul

a:
 

ܣ  ௨௬
	௧

=
ܳ ே,ௗ

௧
ଶସ ேୀଵ

ܴܣܵ]ܶ
] 

 ܳ ே,ௗ
௧=ቊ

0,		ܳ ே,
௦௨

௧
≤ ேܲ,

௦௨
௧tan

cosିଵ ܲ
ܨ ௧

ܳ ே,௦
௨௧

− ேܲ
,௦௨

௧
tanco

sିଵ ܨܲ 
௧,		ܳ

ே,௦
௨௧

> ேܲ
,௦௨

௧
tanco

sିଵ ܨܲ 
௧	[݇ݎܽݒℎ

] 



  
13

 
 

 G
ra

ph
ic

al
 r

ep
re

se
nt

at
io

ns
 (

ch
ar

ts
) 

w
er

e
 c

re
at

ed
 fo

r 
al

l r
el

ev
an

t c
om

pa
ny

 fa
ci

lit
ie

s 
re

fle
ct

in
g 

th
e 

ac
tiv

e 
an

d 
re

ac
tiv

e 
en

er
gy

 c
on

su
m

pt
io

n 
fo

r 
a 

re
pr

es
en

ta
tiv

e 
ye

ar
 a

s 
w

el
l a

s 
th

e 
fo

re
ca

st
ed

 u
til

ity
 r

ea
ct

iv
e 

po
w

er
 c

ha
rg

es
 b

as
ed

 o
n 

E
C

R
A

’s
 r

ul
in

g.
 

 



<<
  /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


