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Abstract— The increasing demands for grid peak-
shaving/load-leveling and renewable energy integration lead to 
fast development of electric energy storage techniques. A novel 
redox zinc-nickel flow battery system with single flow channel 
has been proposed recently. This single flow zinc-nickel battery 
system provides a cost-effective solution for grid energy storage 
because not only does it possess high efficiency and long life cycle, 
it also has no requirement for the expensive ion exchange 
membranes. In this paper, the basic characteristics including its 
principle and current research progress are introduced. And 
based on the electrical characteristics of the battery, an 
equivalent circuit battery model is proposed. Experimental 
validations show that the model provides a good indication of 
battery performance under both steady and dynamic conditions. 
The steady state output of the scaled-up 200Ah battery is also 
estimated by the model and compared with experiment results. 
At last, the possible improvement in the battery for future 
applications is discussed. 

Keywords—battery energy storage; zinc-nickel battery; flow 
battery; battery modeling 

I. INTRODUCTION 
In the development of modern power system, energy 

storage techniques have become one of the hottest areas as it 
can provide solutions for some critical problems including: 
renewable energy integration, peak shaving and load leveling, 
voltage regulation and frequency control, emergency backup 
power supply, etc [1,2]. Currently pumped hydro is the most 
widely used large-scale energy storage technology in the world. 
The major drawback with such systems is the geological 
restriction as the locations where pumped hydro is feasible is 
often distant from where the storage system is needed. In 
contrast, battery energy storage systems (BESS) have less 
limitation in site selection and are able to provide power and 
energy in a wide range, making them more flexible for all 
kinds of applications [2,3]. 

There are currently various batteries technologies at 
different stages of development that are available for 
integration of BESS. Among them, development of redox flow 
batteries (RFB) characterized by the long life cycles, high 
charge/ discharge efficiencies, have been rapidly advanced in 
recent years [3]. Some technically developed RFB such as the 
vanadium redox battery (VRB) system, zinc–bromine battery 
system and polysulphide–bromine system have been 

commercially available. These batteries possess two flowing 
passages because both the positive and negative reactions take 
place in solutions.  Ion exchange membranes separating the 
electrolyte of positive electrode and the negative electrode are 
then required to prevent the unwanted transport processes 
through the membranes. But the membranes are very 
expensive and require complex maintenance, which make up a 
large percentage of the total cost of those flow batteries.  

A novel redox flow battery system, single flow zinc–nickel 
battery system, has been proposed by J. Cheng and Zhang et al. 
[4]. Unlike the flow battery systems illustrated above, the 
single flow zinc-nickel battery possesses only one flowing 
passage, therefore the complexity of the mechanical and 
hydraulic structures is greatly reduced. And more importantly, 
there would be no requirement for the expensive ion exchange 
membrane anymore, which will greatly reduce the cost of the 
battery. In addition, the battery uses only abundant and 
relatively green materials with low levels of toxicity, and a 
fairly high level of safety, making it a highly cost-efficient 
alternative to large-scale power system storage. Table I [1-3, 8] 
provides a comparison between the single flow zinc-nickel 
battery and three other types of batteries for energy storage 
system. 

In this work, we aim to illustrate the basic characteristics of 
the single flow battery including its reactions and current 
research progress, then a comprehensive electrical model of the 
single flow zinc-nickel batteries will be proposed based on its 
electrical characteristics. This model will be of great help in 
understanding and evaluating the performance of the battery of 
this type especially for system level simulation and 
applications. 

This paper is organized in the following manners: Section 
II presents the reaction principles of the single flow zinc-nickel 
battery and its research progress. Section III provides the 
electrical equivalent circuit modeling of the battery including  

TABLE I.  COMPARISON BETWEEN BATTERIES 

Battery 
Energy 

Efficiency (%) Cycle life 
Cost

($/kWh) 
Lead-acid 70~92 500~1000 200~400

Lithium-Ion 85~95 1000- 600~2500
VRB 65~85 10000+ 150~1000

Single flow 
Zinc-nickel 

65~85 5000~10000 300~500 
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Fig. 1. Schematic of the experimental apparatus 

 
Fig. 2. Electrical model of single flow zinc-nickel battery based on 

Thevenin circuit 

parameter identifications and extractions from experiment data. 
Then in Section IV, the result of model validation and a 
simulation example are given based on the scaled-up 200Ah 
battery, conclusion and possible future work are given in 
Section V. 

II. REACTION PRINCIPLES AND CURRENT RESEARCH 
The development history of zinc–nickel battery can date 

back to over a century ago when German patent was applied by 
Dun and Haslacher in 1887, and U.S. Patent by Thomas Edison 
in 1901. Traditional zinc–nickel batteries were designed in a 
sealed configuration with non-flowing electrolyte. The life 
cycle of the batteries are however limited because of the zinc 
dendrite formation upon charging. The non-uniform deposition 
occurs on the negative electrode and will gradually accumulate 
towards the positive electrode and finally cause internal short 
circuit. 

By making the electrolyte flowing, the mass transport of 
zincate will change from diffusion control to convection 
control, thus the thickness of the diffusion layer can be 
substantially reduced. As a result, the zinc deposition can 
become more uniform and flat such that life cycle of the novel 
zinc-nickel flow battery can be extended remarkably [4-6]. The 
principal reactions of the single flow zinc-nickel battery are as 
follows: 

Cathode: 

 

Anode:  

 

Overall: 

 

The schematic of the battery is illustrated below in Fig.1. 
The positive electrodes are nickel oxide and the negative 
electrodes are zinc. The electrolyte is continuously circulated 
to feed reactants to the battery stacks by a pump.  

There are several research groups worldwide who have 
conducted studies on the characterization of the single flow 
zinc–nickel battery, targeting further improvement for practical 
applications of the battery. Cheng et al. [4, 5] carried out 

battery cycling experiments on the single flow zinc-nickel 
batteries and have achieved 220 charge–discharge cycles while 
keeping the coulomb and energy efficiencies about 98% and 
88%, respectively. They also compared different negative 
substrates and found that the cadmium substrate is better for 
suppressing the hydrogen evolution. Ito et al. [6] achieved 
1500 deep cycles by utilizing a deep-discharge reconditioning 
step every 15 charging-discharging cycles.  

Most of the studies were conducted on the chemical 
characteristics on the single flow zinc-nickel battery, but there 
have been no reported studies examining the electrical 
characteristics of the single flow zinc-nickel battery yet. In this 
work, we aim at describing the electrical output of the batteries 
and will give a dynamic electrical model based on its electrical 
characteristics. This model will be of great help in 
understanding and evaluating the performance of the battery 
especially for system level simulation and applications. 

III. ELECTRICAL EQUIVALENT CIRCUIT MODELING 
Mathematical battery model aims to predict the 

performance of a battery given a specific set of parameters. 
Since the technological feasibility of the single flow zinc-
nickel technology has been demonstrated, an electrical model 
is essential for further evaluation and simulation in application 
of the flow battery system.  

The modified Thevenin circuit model [7] possesses both 
high accuracy and comprehensibility, as each part of the model 
can be related with certain physical meanings of the battery. So 
it is chosen in illustrating the electrical characteristics of the 
single flow zinc-nickel flow battery. The equivalent circuit of 
the model is shown in Fig.2. The battery output voltage may be 
described mathematically as follows: 

_ _bat t i Trans s Trans lU OCV R i U U= + ⋅ + +            (1) 

The model consists of four main parts: a controlled voltage 
source representing the OCV (open circuit voltage) of the 
battery, an internal resistance Ri, two RC circuits and a 
paralleled self-discharging resistance Rself_disch. OCV stands for 
the equilibrium potential of the battery reaction and in theory is 
a monotonic function of state of charge (SOC); resistor Ri is the 
sum of internal resistance of the circuit and those of the 
electrodes; two RC circuits denotes the capacitive effects arisen 
from double-layer formation at the electrode/solution interface, 
which affects the transient response of the battery.  Utrans_s and 
Utrans_l are the transient voltage response of the RC circuit with 
short and long time constant respectively, both of which are 
determined by the RC circuits. The self-discharging resistance 
stands for the loss of coulomb efficiency in the reaction, 
mainly due to the self-discharging of zinc and side reactions of 
gas evolution.  
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Fig.3. Transient response to a step load-current event 
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Fig.4. Voltage relaxation and function fitting curve at end of charging 
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In the following of this section, the parameter identification 
method with stepped current and least-squared-fitting (LSF) 
will be illustrated in part A; the corresponding experiments 
conducted are introduced in part B; and the parameters 
identification results as function of current and SOC are given 
in Part C. 

A. Parameter identification method 
Most Parameters in the model (OCV, Ri, two RC circuits) 

can be identified at a stepped current from steady state to zero, 
as illustrated in Fig.3. The corresponding voltage response of 
the battery includes three parts: the instantaneous response, 
followed by a slow voltage recovery, and finally the stable 
state is reached.  At a single SOC point when current changes, 
the model parameters can be identified by the voltage variation 
during the following three phases:  

1) When current changed, series resistor Ri is responsible 
for the instantaneous voltage drop of the step response. It can 
be defined with equation (2). 

                                     (2) 

2) The following transient response of the voltage is 
characterized by the RC circuits. The parameters of the RC 
networks can be determined by fitting the short- and long-time 
constants of the step response, using the LSF method.  

3) The open circuit voltage is normally measured as the 
steady-state terminal voltage. The traditional way to identify 
accurate OCV requires the voltage reaching the steady state 
that may take hours to days, which is not so practical. A 
simpler method to identify the OCV and RC circuits together is 
adopted together using the LSF method. When current drops to 
zero, the output voltage of the battery can be expressed by: 

                (3) 

where Us and Ul stand for the initial state of RC circuits at the 
moment when current changes. In general they equal to the 
voltage drops on Rs and Rl under the steady current 
respectively. Using (3) to fit the transient voltage curve when 
i=0, then OCV and short- and long-time constants can be 
obtained easily. 

For example, the voltage transient curve at the end of 
charging at 1C charging current cases is shown below in red 
dot line in Fig.4. The relaxation time takes 30min and voltage 
is recorded every 5s. The fitting results as marked in green line 
were obtained using the proposed method. The fitting error is 
shown in Fig.4 as well as summarized in Table II.  The fitting 
result well matches the experiment data. Using the obtained 
time constant as well as the initial state of RC circuit, the 
parameters of the two RC circuits can be calculated 
accordingly. 

In determining the self-discharging resistance and current, 
the following equation can be applied: 

       (4) 

where  is the coulomb efficiency of the battery, which is 
greatly affected by the quantity and morphology of zinc 
deposition on negative electrodes. 

TABLE II.  FUNCTION FITTING RESULTS 

Max error(V) OCV(V) Us(V) Ul(V) s(s) l(s) 
0.0012 1.834 0.01426 0.02379 13.62 176.0 

Generally during the normal discharging, zinc deposition 
may not be completely removed from the electrodes. Then the 
remaining deposition will cause distinct coulomb efficiency 
loss along with working cycles. For the traditional non-flowing 
nickel-zinc battery, the coulomb efficiency is relatively low as 
the deposition of zinc tends to be non-uniform and dendritic, 
the coulomb efficiency loss with the cycles is more obvious. 
According to the past studies the lifetime of the non-flowing 
nickel-zinc battery was only hundreds of cycles [9] when 
distinct capacity loss or even internal short-circuit took place. 
However, for the single flow nickel-zinc battery, the coulomb 
efficiency is relatively higher as the deposition is more uniform 
and flat, so the internal short-circuit can substantially be 
avoided. It’s difficult to accurately predict the efficiency of the 
battery but according to the experimental results, the efficiency 
is basically above 98%. So here  is assumed to be 1 and self-
discharging resistance is therefore assumed to be infinity. 

B. Experimental procedures 
The experiments for the identification of model parameters 

are introduced in this part. A 3.7Ah single flow zinc-nickel 
battery was assembled in the lab with the same experimental 
schematic shown in Fig.1. Four sheets of sintered nickel oxide 
plates were used as the positive electrodes while three nickel-
plated stainless steels as negative electrode substrates were 
sandwiched between the positive electrodes. Reagent grade of 
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Fig.6. OCV curve at charging and discharging 
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Fig.7. Extracted value of resistance 
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Fig.5. Pulse charging and discharging experiment 
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1 Mol ZnO in 10 Mol KOH solution was prepared as the 
electrolyte.  

The battery cycles tests were carried out with a battery test 
system CT-3008W (ShenZhen Neware Corp., China) at room 
temperature. Charging was terminated when battery was 
charged to the rated capacity of 3.7Ah, and SOC is defined to 
be 90% at this point. And discharging was terminated when the 
voltage dropped to 1.2 V at 1C current, and SOC is defined to 
be 10% at this point.  

The SOC in the model is calculated as follows: 

0 0
/

t

battSOC SOC idt Cη= + ⋅
                        (5) 

where SOC0 is the initial value of SOC, and Cbatt is the rated 
capacity of the battery. 

In order to obtain the relationship between model 
parameters and SOC, several stepped intervals should be 
created at different SOC points. Hence pulse charging and 
discharging experiments were conducted. Fig. 5 shows a 
typical pulse charging/discharge curve with 1C current. Eight 
points are evenly chosen during charging and discharging 
process between SOC 10% and 90%. At each point, the battery 
current steps down to zero and rest for 30 min similar to the 
transient response of a step load current in Fig.3 The pulse 
experiments are also conducted at different current to see the 
effect of different current on model parameters. 

C. Model extraction results 
1) Open-circuit voltage 

Using experimental results obtained in section B, the values 
of OCV at each SOC interval with different current were 
determined and shown in Fig.6. It can be observed that 
parameter difference among the OCV curves for different 
currents are small, indicating that the OCV value is 
independent of currents, which is also true in theory. But there 
exists some difference between the OCV curves at charging 
and those at discharging, so the extracted function of OCV for 
charging and discharging should be separated. 

The single variable functions of SOC for OCV curves are 
extracted with LSF method, shown in equations (6) and (7): 

2
arg

3 4 5 6

( ) 1.316 5.326 - 28.52 80.78

-122.2 93.73 - 28.60
ch ingOCV SOC SOC SOC

SOC SOC SOC SOC

= + × × + ×

× + × × (6) 
2

3 4 5 6

( ) 1.868-0.1703 -2.726 12.28

-23.19 +21.03 -7.589
dischargingOCV SOC SOC SOC

SOC SOC SOC SOC

= × × + ×

× × × (7) 

2) Internal resistance 

The internal resistance as the function of SOC and current 
is also obtained as shown in Fig.7. Unlike OCV, the value of 
internal resistance is independent of both current and 
charging/discharging mode. Single variable function of SOC to 
represent the resistance is also extracted: 

2

3 4 5 6

( ) 0.1394 -1.204  5.355 -12.53
 16.19 -10.92 3.011

Ri SOC SOC SOC
SOC SOC SOC SOC

= × + × ×
+ × × + × (8) 

The variation tendency of the internal resistance can reflect 
the changes in reactants and products of the positive electrode. 
As Ni(OH)2 is of poor electrical conductivity while NiOOH is 
of good conductivity. During charging, Ni(OH)2 will be 
oxidated to NiOOH, so that the internal resistance drops 
significantly. As for the discharging, the reaction happens 
reversely. The internal resistance is a good indication of the 
SOC of positive electrode. It’s quite different from other 
batteries like the lithium battery, whose internal resistance 
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Fig.8. Extracted value of Rs, Rl, Cs and Cl at charging 
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Fig.9. Comparison between simulation and experimental results at 

continuous current (a) at charging; (b) at discharging 
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Fig.10. Comparison between simulation and experimental results at 

pulse current 
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Fig.11. Charge–discharge curves at different current rate 
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keeps almost constant all though the charging/discharging 
cycle. 

3) RC circuits 

The values of Rs, Rl, Cs and Cl extracted at each SOC 
interval are shown respectively in Fig. 8. It can be observed 
that RC values vary in terms of both current and SOC. The RC 
values at each point are stored in a look-up table, and the 
relationships between RC parameters and SOC as well as 
current are implemented with interpolation method.  

Using the extracted battery model parameters, the electrical 
battery model can be established and be applied for simulation 
and evaluations under various cases. 

IV. MODEL VALIDATIONS AND SIMULATIONS 
To validate the proposed model for the single flow zinc-

nickel battery, a simulation platform was set up in Matlab. 
Validations are done under both the continuous and pulse 
current conditions. By comparing the simulation with 
experimental results, we can find out whether the model is 
accurate enough under both steady and dynamic cases. 

The first test is to charge/discharge the battery with 
different constant current. Terminal voltage of the battery was 
recorded in experiments and compared with those obtained in 
simulations, as shown in Fig. 9(a) and (b).  During charging, 
the maximum error is 0.018V; while during discharging, the 
maximum error is 0.1V, taking place at the end of discharging. 
It’s because that in our model, the charging efficiency in (5) 
was assumed to be 100%, while in reality the efficiency was 
around 98%~99%. Except the end, the error stays within 
0.02V. 

The second test is pulse charging-discharging of the 
battery. As shown in Fig. 10, simulation results match 
experimental data well with the average error of 0.005V and 
maximum error of 0.293V. 

The above results indicate that the proposed electrical 
battery model can predict both steady-state and dynamic 

voltage responses accurately. Hence the model can be used to 
predict the voltage and power output of the battery under 
various operation states with no need to conduct experiments 
every time. Next, the obtained model is used to estimate a 
200Ah single flow zinc-nickel battery.  

As for the latest development, single flow zinc-nickel 
batteries have been scaled-up to 200Ah (320Wh) in capacity by 
the group of J. Cheng, making the battery more suitable for 
large-scale grid energy storage. The charge–discharge  
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Fig.12. Steady voltage output as a function of current and SOC 

 
Fig.13. Steady power output as a function of current and SOC

TABLE III.  OUTPUT VOLTAGE/POWER AND ENERGY EFFICIENCY 

Current 
(A) 

Average 
charging 

voltage (V) 

Average 
discharging 
voltage (V) 

Average 
Output 

Power (W) 

Energy 
efficiency 

(%) 
Experimental Data 

50 1.8917 1.6203 81 83.40 
100 1.9585 1.5457 155 77.94 
150 2.0286 1.4793 217.5 71.60 
200 2.1129 1.4215 284 65.47 

Simulation Results 
50 1.8919 1.6200 81 85.63 
100 1.9643 1.5528 155 79.05 
150 2.0366 1.4857 223 72.95 
200 2.1090 1.4186 283 67.26 

performances of the 200Ah (320Wh) battery were tested at 
constant current of 0.25C (50A), 0.5C (100A), 0.75C (150A) 
and 1C (200A) respectively, as is shown below in Fig.11. The 
modeling technique is applied on the scaled-up 200Ah battery 
to estimate steady state output voltage of the battery and the 
corresponding curves are shown in Fig.12 while the output 
power is shown in Fig.13 as a function of current and SOC. 
Note that for the coordinate of the figures, current >0 means 
the battery are operating at charging state while current <0 
means discharging; Power >0 means the charging power while 
Power <0 means discharging power. 

The output voltage, power and energy efficiency of the 
200Ah battery in the simulation are also listed in Table III. 
Comparing the experimental data with simulation results, the 
model is adequately able to estimate the average output voltage 
and power of the battery with good accuracy.  Hence, the 

proposed model in this paper is proved to be a good indication 
of the battery electrical performance under various cases. 

From the above results we can see that the single flow zinc-
nickel batteries can achieve an energy efficiency of more than 
75% at current of less than 100A. Considering its low cost and 
a fairly high level of safety, the single flow zinc-nickel battery 
provides a competitive choice for battery technologies at this 
scale.  

V. CONCLUSIONS 
In this paper, the primary characteristics of the novel single 

flow zinc-nickel battery is illustrated and based on that, the 
electrical equivalent circuit model is established for the first 
time. The parameters in battery model are identified by a 
variety of experiments, carried on a small-capacity batter in the 
lab. According to the simulation and experiment verifications, 
the model can well estimate the performance of the batteries 
under different conditions. The model is also proved to be 
validated for large-scale single flow zinc-nickel battery. Since 
the single flow zinc-nickel battery will be a high cost-efficient 
alternative to large-scale power system storage, the proposed 
model would be a very useful tool in future system design and 
evaluations. Future work includes implementation of the model 
in the embedded system as part of the battery management 
system (BMS) and state of charge (SOC) estimation.   

ACKNOWLEDGMENT 
The authors would like to thank the Science and 

Technology Development Fund, Macao SAR Government with 
the project (072/2013/A3), University of Macau with the 
project (MYRG135(Y2-L2)-FST11-DNY ) and the National 
High Technology Research and Development Program of 
China (863 Program 2012AA052003) for their financial 
support. 

REFERENCES 
[1] E. P. R. I. (EPRI), “Electricity Energy Storage Technology Options A 

White Paper Primer on Applications, Costs and Benefits”, 2010 
[2] Sandia, “Benefit/Cost Framework for Evaluating Modular Energy 

Storage”, February 2008 
[3] Chen H, Cong TN, Yang W, “Progress in electrical energy storage 

system: a critical review”. Prog Nat Sci 2009; 19(3): 291-312. 
[4] Jie Cheng, Li Zhang, Yu-Sheng Yang, “Preliminary study of single flow 

zinc–nickel battery”, Electrochemistry Communications, vol.9, 
pp.2639–2642, Aug. 2007 

[5] Li Zhang, Jie Chenga,b, Yu-sheng Yang, “Study of zinc electrodes for 
single flow zinc/nickel battery application”, Journal of Power Sources 
179 (2008) 381–387 

[6] Yasumasa Ito, Michael Nyce, “Zinc morphology in zinc–nickel flow 
assisted batteries and impact on performance”, Journal of Power Sources 
vol.196, pp.2340–2345, 2011 

[7] C. Min and G. A. Rincon-Mora, “Accurate electrical battery model 
capable of predicting runtime and I-V performance”, IEEE Transactions 
on Energy Conversion, vol. 21, pp. 504- 511, 2006-01-01 2006. 

[8] http://www1.cuny.edu/mu/energy-news/2012/05/07/novel-battery-
technology-scaled-to-36-kwh-demonstration-at-ccny/ (last access date: 
05/03/2014) 

[9] Alexandre P. Pavlov, Ljudmila K. Grigorieva, “Nickel-zinc batteries 
with long cycle life”, Journal of Power Sources 62 (1996) 113-116 

 

1626 2014 IEEE 9th Conference on Industrial Electronics and Applications (ICIEA)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /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 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


