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Abstract—Internet of Things (IoT) connects everything in the
smart world, and thus, energy consumption of IoT technology is a
challenge and attractive research area. Motivated by achieving a
low power consumption IoT, a green IoT is proposed. This paper
provides an overview regarding green IoT. It also discusses the life
cycle of green IoT which contains green design, green production,
green utilization, and green recycling. Furthermore, green IoT
technologies such as green tags, green sensing networks and green
internet technologies are discussed. In addition, studies of IoT in
5G and IoT for smart cities are presented. Finally, future research
directions and open challenges about green IoT are presented.

Index Terms—Internet of Things (IoT), green IoT, 5G, wireless
sensor networks, cloud computing, smart cities, energy efficiency.

I. INTRODUCTION

During the past decade, the energy consumption levels have
reached distressing rates due to the large scale of digital
context, number of subscribers, and the number of devices.
The rise in the number of connected devices will be up to 50
billion by 2020 [1] and 100 billion by 2030 [2]. Therefore,
scientists expect a tremendous data rate and a huge content-
size (10,000 times more in 2030, than it was in 2010) at the
price an exceptional carbon emissions into the environment.
In [3], it has shown that the amount of carbon dioxide (C'Os)
emissions from the cellular networks will be 345 million tons
by 2020 and it is expected to increase in the later years.
A projection of total emissions by 2020 is provided in [4].
Due to this tremendous (COs) emissions, environment and
health concerns, a renewable or green technology is becoming
an attracting research area in the evolution of technology.
In addition, current battery technology of devices is another
major concern which leads to a green technology [5].
Experts expect that the fifth generation (5G) of wireless
communications (5G) will be available in 2020, and it will
be able to handle about 1000 times more mobile data than
todays cellular systems [6]. As shown in Fig. 1, There are
five efficient technologies of 5G network. Device-to-Device
(D2D) communication boosts the reliability of communication
between the users by latency reduction. In addition, the UDN's
involve dense small cell deployment, in areas with enormous
traffic. Besides that the massive MIMO supports hundreds of
antennas and providing a high data rate. The role of spectrum
sharing is to avoid low spectrum utilization efficiency and the
role of IoT is to connect billions of users in a short time
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period with high efficiency. This five efficient technologies
should allow minimization of energy usage of the coming 5G
networks to eliminate the (C'O2) emissions.

The main objective of this paper is to provide an overview
of green IoT in terms of concepts, applications, technologies
and challenges. Section II describes the basic concepts of IoT
and its demands. Section III presents the life cycle of green
IoT. Section IV discusses the required technologies for green
IoT. Section V discusses the IoT in 5G. Section VI presents
the IoT for smart cities. Section VII presents challenges and
future research directions of green IoT. Finally, Section VIII
concludes the paper.

II. INTERNET OF THINGS

The term “Internet of Things” was firstly proposed by Kevin
Ashton in a presentation in 1998 [7] where he mentioned
that "The Internet of Things has the potential to change the
world, just as the Internet did. Maybe even more so”. In 2001,
the MIT Auto-ID centre introduced their IoT vision [8]. In
2005, the IoT term was formally used by the International
Telecommunication Union (ITU) [9].

Last decade, Internet of Things (IoT) has been considered
as one of the charming technologies. It allows people and
things to be connected anywhere, anytime, with anyone and
anything, using any link and any service. It offers a platform
for sensors and devices to be connected seamlessly within a
smart environment in order to provide advanced and intel-
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ligent services for human-beings. Figure 2 presents the key
technologies needed in IoT where sensors and devices sense
and collect all kinds of data about the target and then, the
data can be further processed and analyzed to extract a useful
information to enable intelligent services. In general, there are
four main elements in IoT technology:

o Internet: to provide anytime, anywhere communication
between everything. It contains the cloud computing,
smart web services, and IP for smart objects.

o Hardware: the embedded communication hardware such
as sensors, tags, actuators and transceivers.

o Middleware: for data storage, computing, and context-
awareness.

« Presentation: to understand visualization and interpreta-
tion tools for different platforms and applications.

As shown in Fig. 3, there are different applications of IoT such
as, data management, analytic, visualization, heterogenous
network management, application development and research
purposes. Figure 4 shows a beautiful infographic comprising
smart cities and IoT applications proposed by Libelium World
[10]. It is clear that the verticals that are changing with the IoT
and understand why it is the next technological revolution.
However, the research into the IoT is still in its infancy
and there are many key challenges needed to be addressed
such as the battery life concerns [23][24][25], the technology
simplicity [14], [21], [26], data and context-awareness [27],
[28][29][30], privacy and security concerns [31][22], multiple
active things and interference-free connectivity [21], the cost
of terminal devices [32], scalability [21][33], and heteroge-
neous terminal devices matter [34].

The Internet Of Things (IoT) is an ecosystem which is
not only a network to transfer data, but also interconnected
with Big Data and Cloud Computing to provide intelligence,
in order to be able to recognize the behaviors, and even
explain actions according to the information captured by the
smart objects that are available around the emerging smarter
cities without human requiring human-to-human or human-to-
computer interaction [15]. IoT ecosystem architecture is shown
in Figure 5, where the received data from the Smarter Cities
is integrated into the Cloud Computing. The presented flow
enables the interaction between the cloud and the humans,
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who is starting to be more actives (prosumers) [16]. The
cloud computing system is responsible of the centralization
of the data of each sensor and object. It also allows them
to to interact and communicate through the creation of an
ubiquitous network. Moreover, it solves the interconnection
problem. The cloud is also enabling the integration of Big
Data analysis in order to reach an understanding that allows
the determination of human dynamics patterns. Finally, human
dynamic pattern provides the tools and feedback mechanisms
in order to inspire the change of the behaviors [16], [22].
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III. GREEN IOT

The internet of Things (IoT) contains the enormous ex-
pected growth network usage and the number nodes in the
future. Therefore, there is a need to reduce the resources for
implementing all network elements and the energy consumed
for their operation. Energy consumption is becoming a state-
of-art in order to achieve a green loT reliability and smart
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Fig. 4. Applications of IoT: Libelium smart world [10]

world implementation. In order to have a sustainable smart
world, the IoT should be depicted by energy efficiency to
reduce the greenhouse effects and carbon dioxide (COs)
emissions of sensors, devices, applications and services.

Fig. 6 presents the life cycle of green IoT which takes
into consideration the green design, green production, green
utilization and finally green disposal and recycling to have
minimal or no impact on the environment [35].

IV. TECHNOLOGIES FOR GREEN 10T

Towards green IoT, several green technologies should be
included such as green RFID tags, green sensing network
and green cloud computing network. Figure 7 shows the key
technologies to accomplish a green IoT system.

Radio Frequency Identification (RFID) is a small electronic
device that includes several RFID tags and a very small tag
readers. RFID tags can store information regarding the objects
to which they are linked. In general, the transmission range of
RFID systems is a few meters. There are two kinds of RFID
tags named as active tags and passive tags. The active tags
have batteries to continuously transmit its own signal while
the passive tags does not have its own battery. Instead of
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onboard battery, the passive tags need harvest energy from
the reader signal. To achieve the goal of green RFID, several
research efforts have been done. As shown in Table I, one



TABLE 1
CHRONOLOGY OF RESEARCH ACTIVITIES IN GREEN RFID

Year  Summary of the research Reference
2008  Proposed biodegradable RFID tags for healthcare field [11]
2010  Proposed three protocols to maximize energy savings at the reader by reducing collisions among tag responses [13]
2011  Proposed an energy-efficient RFID inventory algorithm called automatic power stepping (APS) based on tag response states and variable slot lengths [17]
2012 Proposed two energy-efficient probabilistic estimation algorithms to reduce the energy consumed by active tags [12]
2013 Proposed a low-cost RFID tags with printing technologies in order to achieve eco-friendly tag antennas [19]
2014  Proposed Reservation Aloha for No Overhearing (RANO) to inform a tag of its effective communication intervals, thus, eliminating overhearing problem in active RFID [18]
2017  Proposed a size reduction of RFID by using minimal amount of nondegradable material in their manufacturing [14]
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Fig. 7. Key technologies for green IoT

of the proposed solution is to reduce the size of RFID tags
and, thus, minimize the amount of nondegradable material.
Also printable RFID tags are proposed.In addition, different
protocols are proposed to achieve an energy-efficient RFID
tags. In addition, a green wireless sensor network (WSN) is
another key technology to enable green IoT. Wireless sensor
network (WSN) contains a tremendous number of sensor
nodes with limited power and storage capacity. To achieve
green WSN, different techniques should be considered:

o The sensor uses energy for the required activity and then
is placed into idle or sleep mode.

o Use renewable energy for charging and utilization pur-
poses. In addition, kinetic energy and vibrations can be
used.

o Use energy-efficient optimization techniques.

o Use data and context-awareness algorithms to reduce the
data size and thus, reduce the storage capacity.

o Use energy-efficient routing techniques to reduce the
mobility power consumption.

For green internet technology, hardware and software consider-
ation should be taken into consideration where hardware solu-
tion manufactures devices that consume less energy without a
reduction of the performance. On the other hand, the software
solutions offer efficient designs that consume less energy by
minimum utilization of the resources. In addition, power-
saving virtual machine techniques should be implemented.
As shown in Fig. 8, with respect to green IoT technology, there
are a lot of applications and services. It consists smart cities,
smart energy and smart grid systems, smart infrastructure,
smart factory, smart medical systems and smart logistics.

Smart
Mobility
and
Transport

Participatony
SRR Green loT

Smart-X

Applications

Smart
Home and
Smart
Building=s

Fig. 8. Green IoT Applications

V. INTERNET OF THINGS IN 5G WIRELESS
COMMUNICATIONS

Experts expect that the fifth generation (5G) of wireless
communications (5G) will arrive in 2020, and it will be able
to handle about 1000 times more mobile data than todays
cellular systems [6]. It is going to achieve user demands
in affordable rates, much reliability as well as exceptional
applications [36]. It will also become a pillar of the IoT
technology, linking up fixed and mobile devices becoming part
of a new industrial and economic revolution. IoT and 5G are
two of the hottest trends in technology. They are combined
to transform our future by interconnecting everything [37].
However, there are many emerging challenges are on the
horizon in designing IoT based systems that can efficiently be
integrated with 5G wireless communications [43]. Security is
one of the biggest challenges faced by IoT in 5G. In addition,
IoT technology is characterized by small data packets, massive
connections of devices with limited power source, and delay
tolerant communication. In 5G, narrow band system design
can improve system coverage, power consumption, and reduce
terminal cost [38]. In [38], several designs of IoT in 5G
networks to support massive connection density of low-rate,
low-power devices have been proposed.



VI. INTERNET OF THINGS FOR SMART CITIES

The Smart City market is estimated at hundreds of billion
dollars by 2020, with an annual spending reaching nearly 16
billions [20]. It depends on centralized architecture, where a
dense and heterogeneous set of peripheral devices positioned
over the urban area generate different types of data that
connected via any connectivity method. Therefore, extensive
research on IoT is taking place on sensing and automatic
control, network infrastructure and communication, and big
data analytic [46]. The applications of the IoT to the Smart
City is particularly attractive such as smart parking [39],
environmental monitoring [47][48][40], traffic management
[41], waste management [42], water management and quality,
and energy consumption. In [49], a classification of the IoT
platforms and a generic IoT architecture for smat cities is
presented. A practical solutions are presented to the main
challenges faced during the deployment and management of
a city-scale IoT infrastructure in the city of Santander, Spain
[44]. In [20], the research presents the technical solutions for
the hindrances in the Padova Smart City project, Italy. In [45],
the relationship between big data analysis and IoT is discussed.
It also proposed a new architecture for big IoT data analytics.

VII. CHALLENGES AND FUTURE RESEARCH DIRECTIONS

Although there are a tremendous research efforts to achieve
a green technology, green IoT technology is still in infancy
stage. There are many obstacles and challenges matters that
need to be addressed. Hereunder, we list the key challenges:

o Integration between energy efficiency across the IoT
architecture to achieve an acceptable performance.

« Applications should be green to minimize their effects on
the environment.

« Reliability of green IoT with energy consumption models.

o Context-awareness with energy efficient IoT system.

« Both devices and protocols used to communicate should
be energy efficient with less power consumption.

o Complexity reduction of the green IoT infrastructure.

« Tradeoff between efficient dynamic spectrum sensing and
efficient spectrum management.

« Efficient energy mechanism for IoT such as wind, solar,
vibration, thermal to make IoT promising.

« Efficient cloud management with respect to power con-
sumption.

« Efficient security mechanism such encryption and control
commands.

VIII. CONCLUSION

In this paper, the green IoT technology had been discussed.
The paper motivation behind green IoT, challenges and ben-
efits. It also reviewed the green IoT life cycle as well as the
required technologies to achieve green IoT system. The role
of IoT in 5G and smart cities is also presented. Moreover, a
future research directions and challenges are also reviewed.

ACKNOWLEDGMENT

Authors would like to thank A’Sharqiyah University (ASU),
University Malaysia Perlis (UniMAP) and Ministry of Higher
Education "Malaysia” for the financial support.

REFERENCES

[1] M. Elkhodr, S. Shahrestani and H. Cheung, “The Internet of Things:
Vision & Challenges,” 2013 IEEE Tencon, pp. 218-222, 2013.

[2] Accenture Strategy, "SMARTer2030: ICT solutions for 215¢ century
challenges,” Global eSustainability Initiative (GeSI), Brussels, Belgium,
Technical Report, 2015.

[3] Green Power for Mobile, “The Global Telecom Tower ESCO Market,”
Technical Report, 2015.

[4] A. Fehske, G. Fettweis, J. Malmodin, and G. Biczok, “"The global
footprint of mobile communications: The ecological and economic
perspective,” IEEE Communication Magazine, vol. 49, no. 8, pp. 55
- 62, 2011.

[5] IMT Vision-Framework and Overal Objectives of the Future Develop-
ment of IMT for 2020 and Beyond, document Rec. ITU-R M.2083-
0,2015.

[6] M. Albreem, "5G Wireless communication systems: vision and chal-
lenges,” 2015 IEEE International Conference on Computer, Communi-
cation, and Control Technology, Malayia, 2015.

[71 K. Ashton, “That “Internet of Things” thing in the real world, things
matter more than ideas,” RFID Journal, 2009.

[8] D. Brock, "The electronic product code (epc) a naming scheme for
physical objects,” Auto-ID Center, White Paper, 2001.

[9] International Telecommunication Union, "ITU internet report 2005: the

internet of things,” International Telecommunication Union, Workshop

Report, November 2005.

Libelium World Smart Cities. [Online] Available:

http://www.libelium.com/libelium-smart-world-infographic-smart-

cities-internet-of-things/ [accessed on: 23-9-2017].

M. Mowry, ”A Survey of RFID in the medical industry with emphasis

on applications to surgery and surgical devices,” 2008.

T. Li, S. Wu, S. Chen, and M. Yang, “Generalized energy-efficient

algorithms for the RFID estimation problem,” IEEE ACM Transactions

on Networking, vol. 20, no. 6, pp. 1978 - 1990, 2012.

V. Namboodiri and L. Gao, “Energy-aware tag anticollision protocols

for RFID systems,” IEEE Transactons on Mobile Computing, vol. 9,

no. 1, pp. 44 - 59, 2010.

F. Shaikh, S. Zeadally, E. Exposito, "Enabling Technologies for Green

Internet of Things,” IEEE Systems Journal, vol. 11, no. 2, pp.983 - 994,

2017.

M. Palattella, M. Dohler, A. Grieco, G. Rizzo, J. Torsner, T. Engel, and

L. Ladid, "Internet of Things in the 5G Era: Enablers, Architecture, and

Buisness Models,” IEEE Journal on Selected Areas in Communications,

vol. 34, no. 3, pp. 510 - 527, 2016.

A. Jara, Y. Bocchi and D. Genoud, "The Potential Of The Internet Of

Things For Defining Human Behaviours,” 2014 International Conference

on Intelligent Networking and Collaborative Systems, pp. 581-584,

2014.

X. Xu, L. Gu, J. Wang, G. Xing, and S. Cheung, "Read more with less:

An adaptive approach to energy-efficient RFID systems,” IEEE Journal

on Selected Areas in Communications, vol. 29, no. 8, pp. 1684 - 1697,

2011.

C. Lee, D. Kim, and J. Kim, ”An energy efficient active RFID protocol

to avoid overheading problem,” IEEE Sensors Journal, vol. 14, no. 1,

pp. 15-24, 2014.

Y. Amin, "Printable green RFID antennas for embedded sensors,” PhD

dissertation, KTH School of Information and Communication Technol-

ogy, Kista, Sweden, 2013.

A. Zanella, N. Bui, A. Castellani, L. Vangelista and M. Zorzi, "Internet

of Things for Smart Cities,” IEEE Interent of Things Journal, vol. 1, no.

1, pp. 22 - 32, 2014.

C. Perera, A. Zaslavsky, P. Christen, and D. Georgakopoulos, ”Context

Aware Computing for The Internet of Things:A Survey,” IEEE Commu-

nications Surveys & Tutorials, vol. 16, no. 1, pp. 414 - 445, 2014.

L. Zheng, S. Chen, S. Xiang and Y. Hu, "Research Of Architecture And

Application Of Internet Of Things For Smart Grid,” 2012 International

Conference on Computer Science and Service System, pp. 938-939,

2012.

[10]

(11]
[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

[22]



[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

(35]
[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Q. Meng and J. Jin, ”The Terminal Design of the Energy Self-sufficiency
Internet of Things,” 2011 International Conference on Control, Automa-
tion and Systems Engineering (CASE),, pp. 1-5, 2011.

Keysight Technologies, "Battery Life Challenges in IoT Wireless Sen-
sors and the Implications for Test,” Application Note, 2015.

S. Tozlu, M. Senel, W. Mao and A. Keshavarzian, "Wi-Fi Enabled
Sensors for Internet of Things: A practical Approach,” IEEE Commu-
nications Magazine, vol. 50, no. 6, pp. 134 - 143, 2012.

L. Roselli, N. Carvalho, F. Alimenti, P. Notte, G. Orecchini, M. Virili,
C. Mariotti, R. Gongalves, and P. Pinho, ”Smart Surfaces: Large
Area Electronics Systems for Internet of Things Enabled by Energy
Harvesting,” Proceedings of the IEEE, vol. 102, no. 11, pp. 1723 - 1746,
2014.

J. Wu, 1. Bisio, C. Gniady, E. Hossain, M. Valla, and H.Li, ”Context-
aware Networking and Communications: Part 2,” IEEE Communications
Magazine, vol. 52, no. 8, pp. 64 - 65, 2014.

Z. Yan, X. Yu, and W. Ding, "Context-Aware Variable Cloud Comput-
ing,” IEEE Access, vol. 5, pp. 2211 - 2227, 2017.

D. Martin, C. Lamsfu, and A. Alzua, ”Automatic Context Data Life
Cycle Management Framework,” International Conference on Pervasive
Computing and Applications, 2010.

Z. Yan, X. Yu, and W. Ding, "Context-Aware Verifiable Cloud Comput-
ing,” IEEE Access, vol. 5, pp. 2211 - 2228, 2017.

M. Ali, S. Khan, and A. Zomaya, "’Security and Dependability of Cloud-
Assisted Internet of Things,” IEEE Cloud Computing, vol. 3, no. 2, pp.
24 - 26, 2016.

N. Simoes and G . Souza, ”A Low Cost Automated Data Acquisition
System for Urban Sites Temperature and Humidity Monitoring Based in
Internet of Things,” 2016 International Symposium on Instrumentation
Systems, Circuits and Transducers, pp. 107 - 112, 2016.

D. Wu, L. Bao, and C. Liu, ”Scalable Channel Allocation and Access
Scheduling for Wireless Internet of Things,” IEEE Sensors Journal, vol.
13, no. 10, pp. 3596 - 3694, 2013.

Y. Han, Y. Chen, B. Wang, and K. Liu, ”"Enabling Heterogeneous
Connectivity in Internet of Things: A Time-Reversal Approach,” IEEE
Internet of Things Journal, vol. 3, no. 6, pp. 1036 - 1047, 2016.

S. Murugesan, “Harnessing green IT: Principles and practices,” IEEE IT
Prof., vol. 10, no. 1, pp. 24-33, 2008.

W. Ejaz, A. Anpalagan, M. Imran, M. Jo, M. Naeem, S. Qaisar and
W. Wang, “Internet of Things (IoT) in 5G Wireless Communications,”
IEEE Access, vol. 4, pp. 10310 - 10314, 2016.

P. Rysavy, "IoT & 5G: Wait Or Move?,” Cahnnel Partners, 2016.

A. Tjaz, L. Zhang, M. Grau, A. Mohamed, S. Vural, A. Quddus, M.
Imran, C. Foh and R. Tafazolli, "Enabling Massive IoT in 5G and
Beyond Systems: PHY Radio Frame Design Considerations,” IEEE
Access, vol. 4, pp. 3322 - 3339, 2016.

P. Ramaswamy, “IoT Smart Parking Systems for Reducing Green House
Gas Emission,” 2016 International Conference on Recent Trends in
Information Technology, 2016.

S. Fang, L Xu, Y. Zhu, J. Ahati, H. Pei, J. Yan and Z. Liu, ”An Integrated
System for Regional Environmental Monitoring and Management Based
on Internet of Things,” IEEE Transaction on Industrial Informatics, vol.
10, no. 2, pp. 1596 - 1605, 2014.

S. Mahalank, K. Malagund, and R. Banakar, "Device to Device Inter-
action Analysis in IoT based Smart Traffic Management System, An
Experimental Approach,” 2016 Symposium on Colossal Data Analysis
and Networking, 2016.

G. Shyam, S. Manvi, and P. Bharti, "Smart Waste Management Using
Internet of Things (IoT),” 2 International Conference on Computing
and Communications Technologies, 2017.

M. Palattella, M. Dohler, A. Grieco, G. Rizzo, J. Torsner, T. Engel and
L. Ladid, "Internet of Things in the 5G Era, Enablers, Architecture, and
Business Models,” IEEE Journal on Selected Areas in Communications,
vol. 34, no. 3, pp. 510 - 527, 2016.

P. Sores, J. Santana, L. Sanchez, J. Lanza and L. Munoz, "Practical
Lessons From the Deployment and Management of a Smart City
Internet-of-Things Infrastructure: The SmartSantander Testbed Case,”
IEEE Access, vol. 5, pp. 14309 - 14322, 2017.

M. Marjani, F. Nasaruddin, A. Gani, A. Karim, I. Hashem and A.
Siddiqa, "Big IoT Data Analytics: Architecture, Opportunities, and Open
Research Challenges,” IEEE Access, vol. 5, pp. 5247 - 5261, 2017.

B. Ahlgren, M. Hidell and E. Ngai, "Internet of Things for Smart Cities:
Interoperability and Open Data,” IEEE Internet Computing, vol. 20, no.
6, pp. 52 - 56, 2016.

[47]

[48]

[49]

J. Zhou, T. Leppnen, E. Harjula, C. Yu, H. Jin and L. T. Yang,
”Cloud Things: a Common Architecture for Integrating the Internet of
Things with Cloud Computing,” Proceedings of the 2013 IEEE 17"
International Conference on Computer Supported Cooperative Work in
Design, pp. 651-657, 2013.

B. Montgomery, “Future Shock: IoT Benefits Beyond Traffic and Light-
ing Energy Optimization,” IEEE Consumer Electronics Magazine, vol.
4, no. 4, pp. 98 - 100, 2015.

1. Ganchev, Z. Ji and M. ODroma, ”A Generic IoT Architecture for
Smart Cities,” Irish Signals & Systems Conference 2014 and 2014
China-Ireland International Conference on Information Technologies,
Ireland, 2014.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.4
  /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 false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /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 0.76
    /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


