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Abstract--Electrification of the transportation sector is a crucial 
step toward achieving a sustainable society. It will lead to several 
advantages, such as: reduce consumption of oil, reduce emissions 
and integrate renewable energy resources into the grid. 
Deployment of electric vehicle charging stations (EVCS) is 
essential to encourage large adoption of Electric Vehicle (EV) as it 
will reduce ‘range anxiety’ concern regarding the distance the EV 
could travel before the battery runs out. In this work, an optimal 
design of an electric vehicle charging station that integrates 
renewable distributed generation (DG) will be designed for cost 
and emission reduction. Both an isolated microgrid EVCS and an 
EVCS connected to the grid were studied in different cases, where 
energy sources such as PV, wind, and diesel generator are 
considered to supply the EVCS demand. The model was designed 
using HOMER software and designed based on realistic input data 
in terms of physical, operational and economic characteristics.  
 

Index Terms— Charging station, Electric vehicle, Microgrid, 
Renewable energy sources. 
 

I.  INTRODUCTION 

GLOBALIZATION has made people travel more, live far 

from their work and consume goods from all around the world. 
This has led to more use of transportation, which has been found 
to consume 62.3% of the oil in the world in 2011, producing  
emissions of 6892 Mt of CO2 [1]. Efforts must be done to reduce 
oil dependence, decrease energy consumption and lessen the 
environmental impact of the transportation system. One feasible 
solution to address the challenges linked to the transportation 
sector is to electrify that sector [2]. 

An electric vehicle is a promising solution to ensure a 
sustainable transportation system as it provides lots of benefits. 
From an economical point of view, it costs more to purchase an 
EV than internal combustion engine vehicle (ICEVs). However, 
the high efficiency of an electric motor reduces the operation 
cost compared to the ICEVs. From an environmental point of 
view, the high efficiency of the electric motor will reduce the 
total CO2 emissions even within an electricity system with a 
high fraction of fossil fuel generation. From the point of view of 
the electric grid, it can also play an important factor in the 
integration of renewable energy into the existing electricity 
system [3]. The electric vehicle (EV) does not affect the grid as 
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it still has a low market right now. However, the International 
Energy Agency has set a target to have over 20 million EVs on 
the road by 2020 [4]. With this growth of the EV market, it is 
expected that it will affect the performance and efficiency of the 
electric grid. Extra investment in the generation and 
transmission capacity will be required, due to an increase of 
peak loads under simple charging strategy [3]. Another impact 
of EV on electric distribution networks are: power quality 
issues, transformer and line saturations and increase on 
electrical losses [1, 3, 4, 5]. For that, to integrate a high 
penetration of plug-in electric vehicle (PEVs) into grid safely 
network reinforcements, embedded generation and EV charge 
management strategy which is called as coordinate charging are 
required. The lack of accurate PEV charging data has led to a 
lack of robustness in coordinate charging. This could improve 
more in the years to come when the penetration of the PEVs will 
increase to a high level. Until then uncoordinated charging 
PEVs need to be accommodated. The option of upgrading the 
infrastructure to accommodate the uncoordinated PEVs is costly 
and will take time. Also, supplying the uncoordinated PEVs 
through conventional generation will lead to a shift in the 
emissions from the transportation sector to the generation sector. 
For that, it is important to consider the renewable DG as a source 
to accommodate the growth of uncoordinated PEV loads [6]. 

 
Several contributions have been presented in the literature in 

the area of combining renewable energy resources (RES) with 
PEVs. A survey conducted in [7] shows that if renewable energy 
was offered in EVCS, there will be a 433% increase in the usage 
of these stations by EV drivers. The benefit of adopting 
renewable generation at EVCS was confirmed in [8] through 
simulation. In [6] an algorithm has been designed to 
accommodate high penetrations of PEVs through renewable 
DG. The algorithm helped the local distribution companies 
(LDC) to plan for the location, size, and year of installation of 
renewable DG units while minimizing the costs and emissions 
and enabling higher percentages of PEV integration. In [9] a 
grid-connected solar powered EVCS with V2G was designed 
and tested experimentally. It has proved in this work that the 
EVCS produces enough electric energy to charge EV on a sunny 
day, and it is capable of balance load demand in the local grid 
during cloudy days. A similar study in [9] was proposed in [10] 
but with wind energy. In [11] a grid-tied PV-Wind EVCS for 
stadiums was proposed and analyzed in terms of cost, validity, 
and usefulness. It was found that the system was profitable and 
capable of reducing the CO2 emissions. Similar work has been 
done to design a PV-wind charging station for small Tuk-Tuks 
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in [12]. However, the system was isolated from the grid, and the 
diesel generation has not been considered as an option.   In [13] 
an optimal design of EVCS was studied while different 
generation options were considered such as PV, diesel 
generation, and storage batteries. However, the wind was not 
considered as an option. Two cases have been studied in term of 
economics and environmental impacts. Those two cases were 
isolated EVCS and grid-connected. 

 
It is clear that this area of research still needs more studies 

and investigation. The work that will be discussed in this paper 
will be an improvement to what was done in [13]. The main 
contribution of this work will be as follow: 

 
1. Wind energy will be considered as a source option 
2. The penalties in the CO2 emission will be accounted for in 

the optimization problem 
 

The paper is organized as follows: Sections II and III present 
the problem definition and the system modeling, respectively. 
Section IV explains the system sizing and input data. Section V 
introduces case studies, and Section VI presents the results and 
discussion, followed by the conclusions in the last section. 

II.  PROBLEM DEFINITION 

The objective of this work is to design an EVCS that ensures 
supplying the load while minimizing the cost and the system 
emissions. The work presented in this paper will be done using 
The Hybrid Optimization Of Multiple Electric Renewables 
platform (HOMER), which is a simulation tool to help in the 
designing, planning and evaluating of a renewable energy 
microgrid [14]. 

  
The system architecture consists of three elements: input, 

model, and output. The input is comprised mainly of the EVCS 
electric and thermal load profile, EVCS available supply options 
and the associated sizing, costs and other parameters of the 
components. The model will be run in HOMER for the purpose 
of minimizing the net present cost (NPC) and emissions. The 
following constrains will be considered: 

• The maximum annual capacity shortage fraction is set to 
0%, which imply that the annual load will be met all the 
time. 

• The minimum allowable value of the annual renewable 
fraction is set to 0%, which imply that the charging station 
can operate without renewable resources. 

• The operation reserve is determined from the addation of 
four values to ensure that the electricity will be supplied 
even if the load demand suddenly increases or renewable 
generation suddenly decreases: 
1. 10% of hourly load, to ensure serving up to 10% 

unexpected increase in the load.  
2. The reserve requirement is independent of the peak 

load as the percentage is assumed to be 0% 
3. 50% of wind turbine power output will be added to the 

operation reserve, which means the system must ensure 
enough operating reserve to supply the load even if the 
wind turbine output unexpectedly decreased by 50%.  

4. 50% of solar power output, which means the system 
must ensure enough spare capacity operating to supply 
the load even if the PV array output unexpectedly 
decreases 50%. 

The decision variable will be the size of the renewable energy 
resources and the amount of energy purchased from or sold to 
the grid. 

The output of the proposed algorithm consists of the optimal 
system configuration, the optimal size of each component, 
energy scheduling, cost breakup by component, optimal break-
even distance, and emissions. As the problem is multi-objective, 
normally there will be no unique solution to the problem [15]. 
In this work comparison between different scenario will be 
mentioned and it will be left open to the owner of the EVCS to 
decide the solution that will fit their requirements. 

A.  System Costs  

The objective of this project is to minimize the total net 
present cost (NPC) which is the present value of all the costs 
that afford within the project lifetime minus the present value 
of all the income that it gains over its lifetime. All the system 
configuration in the optimization results is ranked based on the 
value of the NPC. 

 

B.  System Emissions  

Reducing emissions is one of the prime objectives of this 
work. This will be taken care off by introducing emission 
penalties. The Canadian Federal Climate-change Plan 
mentioned that the penalties on carbon emissions will start at 
$15 per ton of carbon and reach up to $65 by 2018 [16]. For 
that, in the analysis of this paper, four specific carbon dioxide 
emission penalties of $15/ton, $30/ton, $45/ton and $65/ton will 
be considered. 

III.  SYSTEM MODELING 

A.  EVCS load  

The EVCS load profile used in this paper is similar to that 
used in [13], which is a real load obtained from Drive-4-Data 
[17]. Where Drive-4-Data is an initiative by Waterloo Institute 
for Sustainable Energy (WISE) at the University of Waterloo, 
that motivate an EV driver to attach Datalogger to their vehicle 
to collect data such as, PEVs speed as a function of time, drive 
cycle and powertrain information, such as vehicle acceleration, 
battery SOC and the vehicle's driving routes and location. The 
PEV charging demand profile was generated from 2013 
Chevrolet Volt drive cycles from May 2013 to May 2014 with 
16 kWh battery capacity. Where 20 PEVs assumed to arrive for 
EVCS. The daily load profile of EV charging is shown in Fig. 
1. 

Fig. 1. PEVs arrival at EVCS over the day. 
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B.  Thermal load  

The thermal energy demand is considered in this work to be 
10% of the EVCS electric energy demand. Thermal load is used 
in EVCS in cold countries to heat facility services available at 
the charging station. The thermal load will be supplied by the 
boiler, or by recovered waste heat from the diesel generator and 
the excess energy from renewable resources.  

C.  Solar resource  

This study is made based on data for Waterloo, Ontario. The 
solar radiation profile over a one-year period was taken from 
NASA Surface Meteorology and Solar Energy website for 
Waterloo, Ontario, (43o 39’ N, 80o 32’ W) [18]. The solar 
radiation profile is shown in Fig. 2. The annual average solar 
radiation for this region is 3.64 kWh/m2/day. 

Fig. 2. Solar radiation profile 

D.  Wind resource  

Wind resources are also taken from NASA Surface 
Meteorology and Solar Energy website [18] for Waterloo, 
Ontario. The annual average wind for this area is 5.08 m/s Fig. 
3 shows the wind speed profile over a one-year period. 

 

Fig. 3. Wind speed profile 

IV.  SYSTEM SIZING AND INPUT DATA 

A.  Sizing Strategy 

The main aim of the hybrid system is to supply the load 
continuously with the required power. Since the hybrid system 
consists of wind and solar which depends on the weather 
conditions, a storage system should be provided to supply the 
load with required power during severe weather conditions. 
When the power generation by both wind turbine and PV array 
is insufficient to supply the load and the storage is depleted, the 
diesel generators will be used. 

B.  Component costs and sizing option 

The sizing options together with other associated parameters 
of the supply components are showed in Table 1, while the costs 
are presented in Table 2. [19] 

 

Table 1 Sizing options and other parameters 
Options Options on size 

and unit numbers 
Life Other information 

Solar 1, 10, 50, 100, 
150, 200, 300, 
500 kW 

20 years De-rating factor =90% 

Wind 
(10kW) 

0,1,10,50,100,500 
unit 

15 years Weibull distribution with 
K=1.83 

Battery 10, 50, 100, 150, 
200, 500, 1,000, 
1500 unit 

(Lifetime 
throughput) 
845 kWh 

Nominal capacity 225 Ah 

Converter 0, 10, 30, 50, 100, 
200, and 500 kW 

15 years Converter efficiency = 
90% 
Rectifier efficiency = 85% 

Grid 
Extension 

10, 25, 50, 100, 
500, 1000 kW 

- Purchase= $0.12/kWh 
Sellback= $0.39/kWh [20] 

Diesel 
Generator  

0 to 500 kW 500,000 h Minimum load ratio = 30% 
Heat recovery ratio = 10% 

Diesel 
Fuel 

- - Price = $0.70/L 
Density of 820 kg/m3 
Carbon content 88% 
Sulfur content 0.33% 

 
Table 2 Costs of energy supply resources 

Options Capital cost Replacement cost O&M cost 
Solar $3000/kW $3000/kW $10/year 
Wind $7900/turbine $9000/turbine $30/year 
Battery $75/Battery $75/Battery $2/Battery/year 
Converter $1000/kW $1000/kW $100/year 

Grid Extension $20,000/km $20,000/km $10/year/km 
Diesel Generator 
(4.25 kW) 

$2550 $2550 $0.15/h 

 

C.  Economics  

The project life is 25 years, while the annual real interest rate 
is set to be 6%.  

V.  CASE STUDIES 

Table 3 shows the case studies that will be considered for 
analysis.  

Table 3 Cases studies summary. 
Case Description of case 

1 Diesel dependent EVCS 
2 Renewable-based EVCS  
3 Diesel-renewable mixed EVCS  
4 EVCS connected to external grid 

VI.  RESULTS AND DISCUSSION 

A.  Comparison of various cases 

    1)  Optimal EVCS configurations and cost components 
 
The optimal EVCS design shown in Fig. 4 was obtained 

from HOMER for the different cases shown in Table 3. The 
detailed analysis of the optimal EVCS is presented in Table 4 
for each case. It is clear from Table 4 that while the diesel-
dependent EVCS (Case-1) required 50 kW of diesel capacity, 
the renewable-based EVCS (Case-2) completely depended on 
solar PV, wind, and battery storage generation. The diesel 
renewable mixed EVCS (Case-3) reduced diesel generation 
capacity to 25 kW, battery string and renewable capacity. In 
Case-4, it is realized that when the EVCS have the option of 
withdrawing energy from the grid, it depends on the grid to an 
elevated level.   
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Diesel-renewable mixed EVCS was found to be the most 
economical option from the islanded option, as it is shown in 
Table 5. Since, in most of the time, an external grid will be 
available for connection with the islanded EVCS then this 
option can be considered. However, the connectivity distance 
should be considered. This will be discussed in the sensitivity 
analysis. It can be realized from Table 5 that the levelized cost 
have the highest value in Case-1, while it reduces in Case-2 to 
0.4471 $/kWh, which is higher than Case-3. Fig. 5, 6 and 7 can 
explain this variation in cost. As it is shown in Fig. 5 the fuel of 
the diesel generator plays a major factor in increasing the cost 
of the system as the system is dependent on the diesel generator 
only. In the renewable based EVCS, the fuel has a minor effect, 
while the major cost comes from the capital cost as there is a 
need to install the components of the system, this is clearly 
shown in Fig. 6. While in the Diesel-Renewable mix EVCS 
both the fuel and the capital cost will contribute in raising the 
cost as is shown in Fig.7; however, the cost will be lower than 
both previous cases. In Case-4, as is shown in Fig. 8, the 
significant cost component is the operation cost which is mainly 
due to the power purchased from the grid. 

 
Figs. 9-12 show the annual cash flows for all EVCS 

configurations, respectively. The diesel based EVCS (Case-1) 
in Fig. 9 shows that at the beginning of the project the diesel 
generator and the inverter incur a capital cost, while in year 15 
the inverter will incur a replacement cost. The system will also 
require a regular stream of fuel and operation & maintenance 
costs. While in renewable based EVCS (Case-2) the system will 
incur an initial investment cost that is higher than Case-1 due to 
the cost of renewable components. Inverter and wind generators 
will require a replacement cost at year 15 and 20 respectively 
while other costs will play a minor effect. Case-3 will have the 
same pattern as in Case-2, with an addition of regular stream 
accounting for the fuel and operation cost. Case-4 will require 
a small investment cost at the beginning as the system will 
already be existing and the cost of operation will be distributed 
through the system, while in year 15 an additional cost will be 
present which is the cost of replacing the inverter. 

 
Table 4 Optimal EVCS design 

Component Case-1 Case-2 Case-3 Case-4 

Diesel, kW 50 0 25 0 
Solar PV, kW 0 100 50 0 

Wind, kW 0 100 10 10 
Converter, kW 50 10 30 30 

Battery, numbers 0 1500 150 10 
External grid, kW 0 0 0 1000 

 
Table 5 Comparison of cost component 

Items Case-1 Case-2 Case-3 Case-4 

Net present cost, M$ 0.897 0.687 0.542 0.313 

Levelized cost of energy, $/kWh 0.5859 0.4471 0.350 0.193 

Operating cost, M$/year 0.0628 0.0113 0.0245 0.0213 

 

 
Fig. 4. Optimal EVCS configurations (a) Case-1, (b) Case-2, (c) Case-3, (d) 

Case-4. 
 

 
Fig. 5. Cost component for Case-1 

 
Fig. 6. Cost component for Case-2 

 
Fig. 7. Cost component for Case-3 

 
Fig. 8. Cost component for Case-4 
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Fig. 9. Case-1 cash flow  
 

 
Fig. 10. Case-2 cash flow 
 

 
Fig. 11. Case-3 cash flow  
 

 
Fig. 12. Case-4 cash flow  

 
    2)  Production profiles in various EVCS Configurations 
 
The electric energy production and consumption for the four 

different EVCS configuration have been considered and 
presented in Table 6 and Figs. 13-16. It is clear from Table 6 
that renewable based EVCS (Case-2) has the highest production 
amount as well as the highest excess energy dump to dump load. 
This is expected due to the intermittent and non-dispatchable 
characteristics of the renewable energy. Therefore, relying on 
only renewable energy to operate the EVCS is a risk, and the 
capacity needs to be higher. It can be realized in the diesel-
renewable based EVCS (Case-3) both the production and the 
excess energy have been reduced. This is due to the availability 
of the diesel generator and the storage source. In Case-4 there 
is no excess energy as the EVCS sells all excess energy back to 
the grid. However, it is clear from Fig. 16 that the renewable 
energy contribution has been reduced dramatically as compared 
to Case-2 and 3 as per Fig. 14 and 15. 
 

Table 6 Production and consumption in varies EVCS configurations 
Component Case-1 Case-2 Case-3 Case-4 

Production, MWh/yr 
Diesel generator 174.436 

(100%) 
0 59.399 

(44%) 
0 

Solar PV 0 138.085 
(63%) 

69.042 
(51%) 

0 

Wind 0 79.394 
 (37%) 

7.939 
(6%) 

7.939 
(6%) 

External grid 0 0 0 135.139 
(94%) 

Renewable energy 
contribution 

0% 100% 57% 6% 

Total 174.436 217.497 136.381 143.079 
Consumption, MWh/yr 

EVCS electrical load 
energy served 

116.800 116.800 116.800 116.800 

EVCS thermal load 
energy served 

11.7 11.7 11.7 11.7 

Energy sold back to 
grid 

0 0 0 3.580 

Excess energy 
to dump load 

37 91 1.7 0 

 

 
Fig. 13. Case-1 power production  

 
Fig. 14. Case-2 power production  

 

 
Fig. 15. Case-3 power production 

 
Fig. 16. Case-4 power production  
 
    3)  Effects of EVCS configurations on environmental 

emissions 
 

As one of the main goals of this work is to lessen the 
emission of the system, it makes sense to expect that the 
renewable based EVCS (Case-2) will have the lowest emission. 
This is shown in Table 7. While Case-3 emits more than 
renewable based EVCS, it will still have lower emission than 
diesel-based EVCS. 

 



 6

Table 7 Comparison of emission 
Pollutant Case-1 Case-2 Case-3 Case-4 

Emissions, kg/yr 
Carbon dioxide 159351 1947 50133 86847 
Carbon monoxide 995 0 298 0 
Unburned hydrocarbons 44 0 13 0 
Particulate matter 6 0 2 0 
Sulfur dioxide 322 4 101 368 
Nitrogen oxides 935 0 280 176 

B.  Sensitivity analysis 

    1)  Effect of CO2 penalty in the NPC and the share of 
renewable energy 
  

As it was mentioned in section 3, the penalty on carbon 
dioxide emission was studied. Fig.17 shows that as the penalty 
on CO2 increases the NPC increases. The renewable energy 
fraction stays unchanged for a small amount of penalty below 
$30/ton. However, as the penalty increases above $30/ton 
amount the fraction of renewable energy increase until it 
reaches 84% of renewable fraction at a penalty of $45/ton where 
it stays unchanged even for higher penalty.  

 

 
Fig. 17. Effect of CO2 penalty in the NPC and renewable fraction 
 

    2)  Optimal break-even distance 
 

As it has been shown in previous analysis that from the 
island EVCS, Case-3 was the most economical. If we assume 
that this case may be connected to the external grid due to the 
availability and reliability of grid connection, then the distance 
of the EVCS will play a key role in the NPC. Fig. 18 shows that 
the NPC with a grid connectivity option increases as the 
distance increases between the grid and the point of connection 
but it has a lower cost compared to the one without an external 
grid option for up to 17.9 km in this case. 

 
Fig. 18. Effects of grid connectivity distance in NPC 

VII.  CONCLUSION 

An optimal design configuration for EVCS was discussed in 
this paper. Various supply options were considered such as: PV, 
wind, diesel generator and battery. The analysis has been done 
using HOMER software with different case studies. The results 
indicate that the most economical islanded EVCS is the diesel 
renewable mix. Although this option has higher emission than 
the renewable based EVCS, still the emission is lower than the 
diesel based EVCS. It has also shown that as the penalties in the 
emission increase that will lead to an increase in the percentage 

of renewable energy used in the system. The possibilities of 
relying on the external grid have been studied in this paper, and 
it was shown that with this option the excess of generated 
energy from renewable resources can be sold back to the grid. 
Analysis has been made to find the breakeven extension 
distance. 

VIII.  REFERENCES 
[1] I. Zamora , J.I.SanMartín , F.J.Asensio , V. Aperribay J. García-

Villalobos, "Plug-in electric vehicles in electric distribution networks:A 
review of smart charging approaches," Renewable and Sustainable 
Energy Reviews, vol. 38, pp. 717–731, OCTOBER 2014. 

[2] Jackson John Justo, Eun-Kyung Kim,Ton Duc Do, Jin-Woo Jung Francis 
Mwasilu, "Electric vehicles and smart grid interaction:A review on 
vehicle to grid and renewable energy sources integration," Renewable and 
Sustainable Energy Reviews, vol. 34, pp. 501–516, JUNE 2014. 

[3] David B. Richardson, "Electric vehicles and the electric grid: A review of 
modeling approaches, Impacts, and renewable energy integration," 
Renewable and Sustainable Energy Reviews, vol. 19, pp. 247–254, 
MARCH 2013. 

[4] Sarvapali D. Ramchurn and Nick Bassiliades Emmanouil S. Rigas, 
"Managing Electric Vehicles in the Smart Grid Using Artificial 
Intelligence: A Survey," IEEE TRANSACTIONS ON INTELLIGENT 
TRANSPORTATION SYSTEMS, vol. 16, no. 4, pp. 1619-1635, 
AUGUST 2015. 

[5] V. K. Ramachandaramurthy,JiaYingYong Kang Miao Tan n, "Integration 
of electric vehicles in smart grid:A review on vehicle to grid technologies 
and optimization techniques," Renewable and Sustainable Energy 
Reviews, vol. 53, pp. 720–732, JANUARY 2016. 

[6] M. F. S. a. E. F. El-Saadany, "Accommodating High Penetrations of PEVs 
and Renewable DG Considering Uncertainties in Distribution Systems," 
IEEE TRANSACTIONS ON POWER SYSTEMS, vol. 29, no. 1, pp. 259-
270, JANUARY 2014. 

[7] I. A. N. a. Y. Qiu, "Economic and environmental impacts of providing 
renewable energy for electric vehicle charging – A choice experiment 
study," Applied Energy, vol. 180, p. 256–268, 2016. 

[8] L. X. R. S. a. V. W. S. W. Woongsup Lee, "Electric Vehicle Charging 
Stations with Renewable Power Generators: A Game Theoretical 
Analysis," IEEE TRANSACTIONS ON SMART GRID, vol. 6, no. 2, pp. 
608-617, MARCH 2015. 

[9] H. Fathabadi, "Novel solar powered electric vehicle charging station with 
the capability of vehicle-to-grid," Solar Energy, vol. 142, p. 136–143, 
2017. 

[10] H. Fathabadi, "Novel wind powered electric vehicle charging station with 
vehicle-to- grid (V2G) connection capability," Energy Conversion and 
Management, vol. 136, pp. 229-239, 2017. 

[11] C. A. H. a. M. M. z. R. Sourav Barua, "Optimization of Grid-Tied 
Distributed Microgrid System with EV Charging Facility for the stadiums 
of Bangladesh," in 2nd Int'l Con on Electrical Engineering and 
Information & Communication Technology (ICEEICT) , Dhaka-1342, 
2015. 

[12] H. J. V. a. K. Kusakana, "Design of a photovoltaice wind charging station 
for small electric Tuk Tuk in D.R. Congo," Renewable Energy, vol. 67, 
pp. 40-45, 2014. 

[13] O. H. a. K. Bhattacharya, "Optimal design of electric vehicle charging 
stations considering various energy resources," Renewable Energy, vol. 
107, pp. 576-589, 2017. 

[14] (2016, August) HOMER® Pro Version 3.7 User Manual. PDF. 
[15] J. Koski, “Defectiveness of weighting method in multi-criterion 

optimization of structures,” Commun. Appl. Numer. Methods, vol. 26, pp. 
333–337, 1985. 

[16] P. Gorrie, "Ontario catches break on coal plants," The Star. 2008.[Online]. 
Available: http://www.thestar.com/sciencetech/article/339591 

[17] Drive-4-Data University of Waterloo. [Online] Available: https://wise. 
uwaterloo.ca/drive4data. 

[18]  NASA Surface meteorology and solar energy. [Online] Available: 
http://eosweb.larc.nasa.gov/sse/. 

[19] O. Hafez, K. Bhattacharya, Optimal planning and design of a renewable 
energy based supply system for micro-grids, Int. J. Renew. Energy 45 
(2012) pp.7-15. 

[20] Independent Electricity System Operator FIT program [Online] 
Available: http://fit.powerauthority.on.ca/. 

 



<<
  /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


