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THE ROLE OF LANDSCAPING ON BUILDINGS® ENERGY
EFFICIENCY

NASIM SHAKOURI!

ABSTRACT

During the recent vears, the number of buildings has been increased with the rapid
growth of populations in cities, which cause proliferation in the total energy
consumption. It also has negative impacts on the urban environment. Today, one of
the challenges of buildings’ design is to find some efficient solutions to reduce the
energy consumption. For this purpose, different types of construction materials and
methods have been applied

Over the past few years, sustainable building design which is an energy and
ecologically consciousness approach has gained significant importance in urban
design. According to the goals of this term, structural materials are not sufficient
enough uniquely. Therefore, new adaption strategies such as placing the vegetation
directly on buildings (rooftop garden, green walls and etc.) have become more
efficient.

In this study, the role of landscaping on energy efficiencies of the buildings has been
evaluated. Various methods of integrating plants to the buildings have been analyzed
in order to decrease the energy consumption. In addition, the methods have been
compared with construction materials from different points of view: the energy
consumption, the surface temperatures and energy fluxes out of buildings and their
effects on environmental problems.

The results obtained from different studies indicate that landscaping has significant
role on optimizing energy performance in buildings especially during utility peak
demand period. Although, landscaping would require more time and cost initially in
contrast with construction materials used in buildings. Within the scope of
sustainable design in urban area, it is obvious that using the plants in buildings will
have positive impacts resolving the environmental issues and energy saving
comparing to non-vegetated buildings.

Key words: Energy, Green roof, Buildings’ energy consumption, Sustainable
architecture, Environmental problems.
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1. INTRODUCTION

Through the history of life, Human beings consume energy resources and damage
the natural resources according to his needs. During the vears, quest of energy and
natural resources caused the development of new techniques on energy generation
and change human lifestyle. Population growth, rapid urbanization, fast moving
consumption of energy and natural resources caused anxiety about the future of
human life. Therefore, sustainable use of energy and the earth’s natural resources
become vital to ensure the next generations life on the earth.

Nowadays, most of the people live in cities. Therefore, energy and natural resources
consumption are high in urban areas. The relative share of buildings as a major
elements of cities, in energy usage and environmental impact, as compared to other
areas of human activities is undoubtedly significant. As a result, such positive and
effective activities for environment and the consumption of energy in buildings are
important. Sustainable architecture is a general term to achieve these two objectives.
Towards the goals of sustainable architecture to obtain environmental quality,
buildings must be constructed both to use less energy and have environmentally
sensitive design. Existing structural materials are not sufficient enough to achieve
these goals. Therefore, in recent years, using vegetable materials and new adaption
strategies such as placing the vegetation directly on buildings or surround of the
buildings have become more efficient than constructional applications.

In this study, the roles of landscaping and vegetative matenials usage on energy
efficiencies of the buildings has been evaluated by analyzing the various methods of
integrating plants to or surround of the buildings. In addition, the methods have been
compared with construction materials from different points of view: the energy
consumption, the effects on surface temperatures and energy reflection out of
buildings and their effects on environment.

2. ENERGY AND BUILDINGS

The concept of energy is consists of three parameters; generation, transmission and
consumption. For a sustainable life style, increasing the generation of energy is not
enough. The transmission and consumption parameters also have effective role on
energy cycle.

Today, cities by definition are a focal point of energy consumption. Different
researches indicate that most of the energy consumption of the cities belongs to the
buildings. Due to the climate condition in different cities, energy consumption of
buildings is varied. In addition, many other factors such as orientation, form, shape,
depth, obstruction angle and etc. of buildings are effective on energy usage.
Furthermore, construction materials used in buildings can be effective on the amount
of the wasted energy. As a result, government policy makers and building
professionals, including architects, building engineers, project managers and etc.
play an important role enhancing the planning, design, construction, operation and
maintenance of the building energy efficiency process in order to form a sustainable
urban development.

127



ICONARCH - I ARCHITECTURE AND TECHNOLOGY
INTERNATIONAL CONGRESS 15-17 NOVEMBER 2012 KONYA

airraillbuses
6%

goods vehicles

8%

S | domestic buildings
cars N 35%

commercial buildings
26%

Figure 1. Energy use breakdown for London (Steemers 2003).

During the recent vears, according to urban sustainable development objectives;
reduction of energy consumption and environmental condition improvement in the
cities, landscaping has gained importance. For this purpose, various methods and
materials have been emerged. These methods and their materials for buildings’
energy efficiency could be considered as two headings:

¢ Landscaping surround the buildings

o Landscaping directly on buildings

2.1. Landscaping surround the buildings

Landscaping surround the buildings could have positive cffects on energy

consumption as well as environmental problems. Different planting design next to

the buildings can be effective on energy consumption over the year. Some examples

are written as followings:

¢ Planting tree for the purpose of providing shade in summer. This can block

the sun’s warming rays and reduce energy consumption of buildings for
cooling. Planting deciduous tree also can redirect sunlight into the house
and decrease energy consumption of heating in winter (figure 2).

i |
Figure 2. Planting tree for the purpose of reducing energy consumption
mm summer and winter

e Trees also can be used as wind break (figure 3). This method can prevent
heat loss during the cold season. Trees and wall sheltering, where climbing
plants are used as buildings wind break, can slow winds speed.
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Figure 3. Planting trees as wind break

e Using pervious paving, high albedo paving, shade, and minimizing paved
areas surround the buildings have a positive impact on microclimate as well
as reducing the heat island in cities that reduce energy consumption
indirectly.

Today, the lack of the open space in most of the cities is a problem for using plants
surrounds the buildings. So this type of landscaping is only possible in places where
land has suitable conditions for this usage.

2.2. Landscaping Directly on Buildings

Since 1980s a growing interest in environmental issues resulted in the wvision to
bring nature info the cities. For this purpose, various technologies and methods have
been developed and different materials have been produced. Green roofs and green
walls are some of these methods. Beside the environmental benefits, their positive
effect on energy consumption and storm water management, urban heat island, noise
pollution and etc. have been proved by several researches.

2.2.1 Green roof
Use of the concrete by the middle of the 174 century allowed for the construction of
green roof. Research of Dunnett and Kingsbury (2008) indicates that the 1868
World Exhibition in Paris was the emergence of modern green roofs. Today, the
term "green roof” is generally used to represent an innovative established approach
to urban design that uses living materials to make the urban environment more
livable, efficient, and sustainable. Other common terms used to describe this
approach are eco roofs, and vegetated roofs (Banting et al. 2005).
According to Frost (2008), green roof is a roof surface that containg a growing
medium that can sustain a layer of plants. Green roofs typically include filter laver,
drainage layer, and waterproofing layer.
The progress of green roof technology makes different kind of green roof system
applicable. The most common systems can be categorized as below:

e  Complete system

s  Modular systems

e Precultivated vegetation blankets

2.2.2 Green walls

Building facades and exterior walls are usually under permanent environmental
influences, such as sun and acid min. These environmental influences cause
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damages and shorten the life of these elements. Green walls system can protect
facades and offer many benefits like the green roof.

Vegetated facades are not new technology and can offer multiple benefits as a
component of current urban design. According to Kohler (2008) research, in many
European and some North American cities woody climbers were frequently used as
a cover for simple facades in the 19 century. Incentive programs were developed in
many cities of Germany, including supported tenant initiatives for planting and
maintaining climbers in facades. However, Green walls and facades have not been
developed widespread outside of Germany because they are not as well-known as
green roofs.

Many researches have conducted on issues such as evaporative cooling effects of
plants on green wall, improving urban life and biodiversity, positive effects on urban
microclimate and buildings’ ecological footprint. However, there 1s still a lack of
implementation and evaluation of the effects of Green walls on energy consumption.
Therefore, in this research for evaluation the positive effects of landscaping on
energy consumption, green roof were focused and investigated.

3. THE EFFECTS OF LANDSCAPING ON BUILDINGS ENERGY
CONSUMPTION

According to the research by USA National Energy Education Development project
(2012), the residential and commercial sector- homes and buildings- consumes 41.2
percent of the energy used in the United States. The energy is used to heat, cool and
light houses and buildings and to operate appliances and office machines. In
addition, the research indicate that 54 percent of the average home’s energy
consumption is for heating and cooling rooms to keep living and working spaces in
convenient temperature (USA National Energy Education Development project
2012).

Roofs are important determinants of building’s energy flux and can represent up to
32 percent of the horizontal surface of built-up areas (Obemdorfer et al 2007).
Buildings have changed the flow of energy matter through urban ecosystems that
cause many environmental problems. Therefore, altering the surface properties of
buildings can partially mitigate these problems. Green roof applications can reduce
buildings’ energy consumption and lessen several negative effects of buildings on
local ecosystems.

During the summer, green roofs reduce heat flux through the roof by promoting
evapotranspiration, shading the roof physically, utilizing the sun’s energy in
photosynthesis, and increasing the insulation and thermal mass beside lowering the
energy demands of the building’s cooling system (Figure 4) (Oberndorfer et al.
2007). The amount of saved energy 1s dependent on several factors. Among them
are: the amount of roof insulation used; the height of the building; the climate and
microclimate of the building; and the type and coverage of the green roof.
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Landscaping would require more time and cost initially in contrast with construction
materials used in buildings. But, they can payoff their costs thourgh the years by
saving energy. Possman Cider Cooling and Storage Facility in Frankfurt, Germany
yielded a 2-3 year payoff of their green roof system through the savings in heating,
cooling costs and equipment costs. Consequently additional cooling towers had
become unnecessary

{(http:/Awww . greenroofguide.co.uk/downloads/dev_guide ¥3.pdD).

4. COMPARISON OF CONSTRUCTION MATERIALS AND PLANT
MATERIALS IN BUILDING

In concept of sustainable architecture and urban design, buildings must be
constructed both to use less energy and have environmentally conscious design.
Using plant materials in building and green roof has significant role in reducing
energy consumption of buildings as described in previous section. In addition their
positive impact on environmental problems is indisputable. Because of the
importance of these effects, few examples are given as {ollows:

e Storm water management

Since plants absorb rainwater, green roofs can help reducing storm water runoff.
Impervious ground cover pavement, significantly impacts the flow of storm water
over land which often resulting in flooding and erosion of stream banks. A study
conducted for the city of Portland, Oregon found that if half of the buildings in the
downtown area had green roofs (219 acres), approximately 66 million gallons of
water would be retained annually. The study also represented that 17 million gallons
of combined sewage overflows would be eliminated and storm water discharges
would be reduced between 11 to 15 percent (Peck and Kuhn 2003).

¢  Reduce urban heat 1sland effect

According to Dunnett and Kingsbury (2008), the construction materials of buildings
and paved surfaces absorb and store solar energy during the day and radiated it back
as heat energy during the night. The density of buildings and other hard surfaces in
urban areas can dramatically increase the air temperature compared to surrounding
rural areas. Plant materials that are used in green roof and green wall, apply this
energy for the process of evapotranspiration decreasing the negative effect of heat
island in cities. The Organization for Landscape and Urban Greenery Technology
Development estimates that if half of the roofs located in Tokyo were planted with
gardens, the hottest summer temperatures would fall by 1.5 ° F (Gruzen Samton
Architects LLP et al., 2007).

¢ Decrease noise pollution

The hard surface of buildings and pavement tend to reflect rather than absorb sound.
Research of Peck and Kuhn (2003), shows that the plants and substrates of green
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roofs absorb sound energy. Thus, reducing sound transmission into the building’s
interior. Kevin Burke of William McDonough and Partners note that the green roof
of Gap Inc.’s Cherry office (located near a highway and flight path of San Francisco
International Airport) reduces sound transmission nearly 50 decibels (Dunnett and
Kingsbury 2008).

¢ Increased roof life

(Green roofs protect roofing materials from extreme temperature fluctuations and
damaging ultraviolet solar radiation. According to Peck and Kuhn (2003), evidence
suggests that the life span of green roofs is at least twice that of conventional roofs.
Less frequent roof maintenance and replacement, reduces waste and associated life
cycle impacts. Green roof also improve the membrane longevity. According to
Obemndorfer et al. {2007). Waterproofing membranes on conventional dark roofs
deteriorate rapidly in ultraviolet (UV) light, which causes the membranes to become
brittle. Such membranes are consequently more easily damaged by the expansion
and contraction caused by widely fluctuating roof temperatures. By physically
protecting against UV light and reducing temperature fluctuations, green roofs
extend the life span of the roof’s waterproofing membrane and improve building
energy conservation. Research of Porsche and Kohler (2003), demonstrates that
some green roofs in Berlin have lasted 90 years without any need for major repairs.
In an other resarch by Liu (2004) In Ottawa, Canada, an unvegetated reference roof
reached temperatures higher than 70 degrees Celsius (°C) in summer, while the
surface temperature of the green roof only reached 30°C.

e Increased performance of Photovoltaics

Comparing the typical concrete roof, vegetation reduces the temperature of the roof.
According to research conducted in Berlin by Kohler, the reduction of temperature
provieded by vegetable at the roof surface improves the performance of photovoltaic
cells, which operate more efficiently at lower temperatures (Dunnett and Kingsbury
2008).

¢ Others

In addition to the advantages of using vegetable materials compared with structural
materials mentioned above, vegetaded surface of buildings are especially important
in urban areas in which much of the land area is consumed by buildings, pavement
and other artificial surface cover. They are inherently more aesthetically appealing
and can improve biodiversity in cities.

5. CONCLUSION
In line with the objectives of sustainable architecture in urban area, the advantages

of landscaping over conventional flat and shallow pitched roofs and walls of
buildings are considerable. As stated, many researches indicate that green roofs have
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a significant impact on the buildings energy consumption and improving the
environmental problems. In addition, a green roof is inherently more pleasing than a
typical membrane or bitumen roof offering substantial aesthetic benefits. The
potential of green facades to improve urban microclimate and buildings’ ecological
footprint should be noted. It is true that the installation and maintenance cost of
green roofs and walls are considirable. But, if vegetating roof and walls of buildings
gain popularity and the technology of these methods also improves, the installation
cost will decrease consequently.

As a result, with so many advantages, different methods of integrating plants to the
buildings such as green roofs and green walls should be part of a comprehensive
strategy toward achieving a sustainable and livable built environment .

REFERENCE

Banting, D. at al. 2005. Report on the Environmental Benefits and Costs of Green
Roof Technology for the City of Toronto Prepared by Ryerson University.

Dunnett, N. and Noél Kingsbury. 2008. Planting Green Roofs and Living Walls.
Oregon: Timber Press.

Frost, K. 2008. Vegetated roofs. SDN 601. Prof. Rob Fleming, October 29, 2008.

Gruzen Samton Architects LLP et al, 2007. Cool and green. Roofing manual
Prepared for NYC Department of Design & Construction Office of Sustainable
Design. USA.

Kaufman, Andrew, et al. 2006. Feasibility Study of Green Roof Technology in
Urban Districts in Hawai. University of Hawai’1.

Kohler, M. 2008. Green facades—a view back and some visions Urban Ecosystems
Volume 11, Number 4 (2008), 423-436, DOI: 10.1007/11252-008-0063-x .

Liu K. 2004. Engineering performance on rooftop gardens through field evaluation.
Journal of Roof Consultants Institute 22 (2): 4-12.

Obemndorfer, E. And et all. ,2007. Green Roofs as Urban Ecosystems: Ecological
Structures, Functions, and Services. November 2007 / Vol. 57 No. 10 « BioScience.

Peck, S. and Kuhn, M. 2003. Design Guidelines for Green Roofs. Toronto:
Environment. Canada.

Porsche U, Kéhler M. 2003. Life cycle costs of green roofs: A comparison of
Germany, USA, and Brazil. Proceedings of the World Climate and Energy Event; 1-
5 December 2003, Rio de Janeiro, Brazil.

Saiz, S. Kennnedy, Ch. Bass, B. Pressnail, K. Comparative Life Cycle Assessment
of Standard and Green Roofs. 2006. Environ. Sci. Technol., 2006, 40 (13), pp 4312—
4316 DOI: 10.1021/es0517522 Publication Date (Web): May 24, 2006, Copyright ©
2006 American Chemical Society.

134



ICONARCH - I ARCHITECTURE AND TECHNOLOGY
INTERNATIONAL CONGRESS 15-17 NOVEMBER 2012 KONYA

Steemers, K. 2003. Energy and the city: density, buildings and transport, Energy and
Buildings, Volume 35, Issue 1, January 2003, Pages 3—14.

USA National Energy Education Development project. 2012. Secondary Energy
Infobook, pages 66-71,

hitp:/'www .need.org/needpdf/Secondary%20Energy%20Infobook.pdf (date of
connection: 2012)

Wong, N.H., Cheong, DW K., Yan H. Soh, J., Ong CL., Sia, A., 2002. The effects
of rooftop garden on energy consumption of a commercial building in Singapore,
Energy and Building 35 (2003) 353-364.

http://www.greenroofguide.co.uk/downloads/dev_guide v3.pdf (date of connection:
2012)

135



	ICONARCH-1 Verme_Page_001
	ICONARCH-1 Verme_Page_002
	ICONARCH-1 Verme_Page_003
	ICONARCH-1 Verme_Page_004
	ICONARCH-1 Verme_Page_005
	ICONARCH-1 Verme_Page_006
	ICONARCH-1 Verme_Page_007
	ICONARCH-1 Verme_Page_008
	ICONARCH-1 Verme_Page_009
	ICONARCH-1 Verme_Page_010
	ICONARCH-1 Verme_Page_011
	ICONARCH-1 Verme_Page_012
	ICONARCH-1 Verme_Page_013
	ICONARCH-1 Verme_Page_014
	ICONARCH-1 Verme_Page_015
	ICONARCH-1 Verme_Page_016
	ICONARCH-1 Verme_Page_017
	ICONARCH-1 Verme_Page_018
	ICONARCH-1 Verme_Page_019
	ICONARCH-1 Verme_Page_020
	ICONARCH-1 Verme_Page_021
	ICONARCH-1 Verme_Page_022
	ICONARCH-1 Verme_Page_023
	ICONARCH-1 Verme_Page_024
	ICONARCH-1 Verme_Page_025
	ICONARCH-1 Verme_Page_026
	ICONARCH-1 Verme_Page_027
	ICONARCH-1 Verme_Page_028
	ICONARCH-1 Verme_Page_029
	ICONARCH-1 Verme_Page_030
	ICONARCH-1 Verme_Page_031
	ICONARCH-1 Verme_Page_032
	ICONARCH-1 Verme_Page_033
	ICONARCH-1 Verme_Page_034
	ICONARCH-1 Verme_Page_035
	ICONARCH-1 Verme_Page_036
	ICONARCH-1 Verme_Page_037
	ICONARCH-1 Verme_Page_038
	ICONARCH-1 Verme_Page_039
	ICONARCH-1 Verme_Page_040
	ICONARCH-1 Verme_Page_041
	ICONARCH-1 Verme_Page_042
	ICONARCH-1 Verme_Page_043
	ICONARCH-1 Verme_Page_044
	ICONARCH-1 Verme_Page_045
	ICONARCH-1 Verme_Page_046
	ICONARCH-1 Verme_Page_047
	ICONARCH-1 Verme_Page_048
	ICONARCH-1 Verme_Page_049
	ICONARCH-1 Verme_Page_050
	ICONARCH-1 Verme_Page_051
	ICONARCH-1 Verme_Page_052
	ICONARCH-1 Verme_Page_053
	ICONARCH-1 Verme_Page_054
	ICONARCH-1 Verme_Page_055
	ICONARCH-1 Verme_Page_056
	ICONARCH-1 Verme_Page_057
	ICONARCH-1 Verme_Page_058
	ICONARCH-1 Verme_Page_059
	ICONARCH-1 Verme_Page_060
	ICONARCH-1 Verme_Page_061
	ICONARCH-1 Verme_Page_062
	ICONARCH-1 Verme_Page_063
	ICONARCH-1 Verme_Page_064
	ICONARCH-1 Verme_Page_065
	ICONARCH-1 Verme_Page_066
	ICONARCH-1 Verme_Page_067
	ICONARCH-1 Verme_Page_068
	ICONARCH-1 Verme_Page_069
	ICONARCH-1 Verme_Page_070
	ICONARCH-1 Verme_Page_071
	ICONARCH-1 Verme_Page_072
	ICONARCH-1 Verme_Page_073
	ICONARCH-1 Verme_Page_074
	ICONARCH-1 Verme_Page_075
	ICONARCH-1 Verme_Page_076
	ICONARCH-1 Verme_Page_077
	ICONARCH-1 Verme_Page_078
	ICONARCH-1 Verme_Page_079
	ICONARCH-1 Verme_Page_080
	ICONARCH-1 Verme_Page_081
	ICONARCH-1 Verme_Page_082
	ICONARCH-1 Verme_Page_083
	ICONARCH-1 Verme_Page_084
	ICONARCH-1 Verme_Page_085
	ICONARCH-1 Verme_Page_086
	ICONARCH-1 Verme_Page_087
	ICONARCH-1 Verme_Page_088
	ICONARCH-1 Verme_Page_089
	ICONARCH-1 Verme_Page_090
	ICONARCH-1 Verme_Page_091
	ICONARCH-1 Verme_Page_092
	ICONARCH-1 Verme_Page_093
	ICONARCH-1 Verme_Page_094
	ICONARCH-1 Verme_Page_095
	ICONARCH-1 Verme_Page_096
	ICONARCH-1 Verme_Page_097
	ICONARCH-1 Verme_Page_098
	ICONARCH-1 Verme_Page_099
	ICONARCH-1 Verme_Page_100
	ICONARCH-1 Verme_Page_101
	ICONARCH-1 Verme_Page_102
	ICONARCH-1 Verme_Page_103
	ICONARCH-1 Verme_Page_104
	ICONARCH-1 Verme_Page_105
	ICONARCH-1 Verme_Page_106
	ICONARCH-1 Verme_Page_107
	ICONARCH-1 Verme_Page_108
	ICONARCH-1 Verme_Page_109
	ICONARCH-1 Verme_Page_110
	ICONARCH-1 Verme_Page_111
	ICONARCH-1 Verme_Page_112
	ICONARCH-1 Verme_Page_113
	ICONARCH-1 Verme_Page_114
	ICONARCH-1 Verme_Page_115
	ICONARCH-1 Verme_Page_116
	ICONARCH-1 Verme_Page_117
	ICONARCH-1 Verme_Page_118
	ICONARCH-1 Verme_Page_119
	ICONARCH-1 Verme_Page_120
	ICONARCH-1 Verme_Page_121
	ICONARCH-1 Verme_Page_122
	ICONARCH-1 Verme_Page_123
	ICONARCH-1 Verme_Page_124
	ICONARCH-1 Verme_Page_125
	ICONARCH-1 Verme_Page_126
	ICONARCH-1 Verme_Page_127
	ICONARCH-1 Verme_Page_128
	ICONARCH-1 Verme_Page_129
	ICONARCH-1 Verme_Page_130
	ICONARCH-1 Verme_Page_131
	ICONARCH-1 Verme_Page_132
	ICONARCH-1 Verme_Page_133
	ICONARCH-1 Verme_Page_134
	ICONARCH-1 Verme_Page_135
	ICONARCH-1 Verme_Page_136
	ICONARCH-1 Verme_Page_137
	ICONARCH-1 Verme_Page_138
	ICONARCH-1 Verme_Page_139
	ICONARCH-1 Verme_Page_140
	ICONARCH-1 Verme_Page_141
	ICONARCH-1 Verme_Page_142
	ICONARCH-1 Verme_Page_143
	ICONARCH-1 Verme_Page_144
	ICONARCH-1 Verme_Page_145
	ICONARCH-1 Verme_Page_146
	ICONARCH-1 Verme_Page_147
	ICONARCH-1 Verme_Page_148
	ICONARCH-1 Verme_Page_149
	ICONARCH-1 Verme_Page_150
	ICONARCH-1 Verme_Page_151
	ICONARCH-1 Verme_Page_152
	ICONARCH-1 Verme_Page_153
	ICONARCH-1 Verme_Page_154
	ICONARCH-1 Verme_Page_155
	ICONARCH-1 Verme_Page_156
	ICONARCH-1 Verme_Page_157
	ICONARCH-1 Verme_Page_158
	ICONARCH-1 Verme_Page_159
	ICONARCH-1 Verme_Page_160
	ICONARCH-1 Verme_Page_161
	ICONARCH-1 Verme_Page_162
	ICONARCH-1 Verme_Page_163
	ICONARCH-1 Verme_Page_164
	ICONARCH-1 Verme_Page_165
	ICONARCH-1 Verme_Page_166
	ICONARCH-1 Verme_Page_167
	ICONARCH-1 Verme_Page_168
	ICONARCH-1 Verme_Page_169
	ICONARCH-1 Verme_Page_170
	ICONARCH-1 Verme_Page_171
	ICONARCH-1 Verme_Page_172
	ICONARCH-1 Verme_Page_173
	ICONARCH-1 Verme_Page_174
	ICONARCH-1 Verme_Page_175
	ICONARCH-1 Verme_Page_176
	ICONARCH-1 Verme_Page_177
	ICONARCH-1 Verme_Page_178
	ICONARCH-1 Verme_Page_179
	ICONARCH-1 Verme_Page_180
	ICONARCH-1 Verme_Page_181
	ICONARCH-1 Verme_Page_182
	ICONARCH-1 Verme_Page_183
	ICONARCH-1 Verme_Page_184
	ICONARCH-1 Verme_Page_185
	ICONARCH-1 Verme_Page_186
	ICONARCH-1 Verme_Page_187
	ICONARCH-1 Verme_Page_188
	ICONARCH-1 Verme_Page_189
	ICONARCH-1 Verme_Page_190
	ICONARCH-1 Verme_Page_191
	ICONARCH-1 Verme_Page_192
	ICONARCH-1 Verme_Page_193
	ICONARCH-1 Verme_Page_194
	ICONARCH-1 Verme_Page_195
	ICONARCH-1 Verme_Page_196
	ICONARCH-1 Verme_Page_197
	ICONARCH-1 Verme_Page_198
	ICONARCH-1 Verme_Page_199
	ICONARCH-1 Verme_Page_200
	ICONARCH-1 Verme_Page_201
	ICONARCH-1 Verme_Page_202
	ICONARCH-1 Verme_Page_203
	ICONARCH-1 Verme_Page_204
	ICONARCH-1 Verme_Page_205
	ICONARCH-1 Verme_Page_206
	ICONARCH-1 Verme_Page_207
	ICONARCH-1 Verme_Page_208
	ICONARCH-1 Verme_Page_209
	ICONARCH-1 Verme_Page_210
	ICONARCH-1 Verme_Page_211
	ICONARCH-1 Verme_Page_212
	ICONARCH-1 Verme_Page_213
	ICONARCH-1 Verme_Page_214
	ICONARCH-1 Verme_Page_215
	ICONARCH-1 Verme_Page_216
	ICONARCH-1 Verme_Page_217
	ICONARCH-1 Verme_Page_218
	ICONARCH-1 Verme_Page_219
	ICONARCH-1 Verme_Page_220
	ICONARCH-1 Verme_Page_221
	ICONARCH-1 Verme_Page_222
	ICONARCH-1 Verme_Page_223
	ICONARCH-1 Verme_Page_224
	ICONARCH-1 Verme_Page_225
	ICONARCH-1 Verme_Page_226
	ICONARCH-1 Verme_Page_227
	ICONARCH-1 Verme_Page_228
	ICONARCH-1 Verme_Page_229
	ICONARCH-1 Verme_Page_230
	ICONARCH-1 Verme_Page_231
	ICONARCH-1 Verme_Page_232
	ICONARCH-1 Verme_Page_233
	ICONARCH-1 Verme_Page_234
	ICONARCH-1 Verme_Page_235
	ICONARCH-1 Verme_Page_236
	ICONARCH-1 Verme_Page_237
	ICONARCH-1 Verme_Page_238
	ICONARCH-1 Verme_Page_239
	ICONARCH-1 Verme_Page_240
	ICONARCH-1 Verme_Page_241
	ICONARCH-1 Verme_Page_242
	ICONARCH-1 Verme_Page_243
	ICONARCH-1 Verme_Page_244
	ICONARCH-1 Verme_Page_245
	ICONARCH-1 Verme_Page_246
	ICONARCH-1 Verme_Page_247
	ICONARCH-1 Verme_Page_248
	ICONARCH-1 Verme_Page_249
	ICONARCH-1 Verme_Page_250
	ICONARCH-1 Verme_Page_251
	ICONARCH-1 Verme_Page_252
	ICONARCH-1 Verme_Page_253
	ICONARCH-1 Verme_Page_254
	ICONARCH-1 Verme_Page_255
	ICONARCH-1 Verme_Page_256
	ICONARCH-1 Verme_Page_257
	ICONARCH-1 Verme_Page_258
	ICONARCH-1 Verme_Page_259
	ICONARCH-1 Verme_Page_260
	ICONARCH-1 Verme_Page_261
	ICONARCH-1 Verme_Page_262
	ICONARCH-1 Verme_Page_263
	ICONARCH-1 Verme_Page_264
	ICONARCH-1 Verme_Page_265
	ICONARCH-1 Verme_Page_266
	ICONARCH-1 Verme_Page_267
	ICONARCH-1 Verme_Page_268
	ICONARCH-1 Verme_Page_269
	ICONARCH-1 Verme_Page_270
	ICONARCH-1 Verme_Page_271
	ICONARCH-1 Verme_Page_272
	ICONARCH-1 Verme_Page_273
	ICONARCH-1 Verme_Page_274
	ICONARCH-1 Verme_Page_275
	ICONARCH-1 Verme_Page_276
	ICONARCH-1 Verme_Page_277
	ICONARCH-1 Verme_Page_278
	ICONARCH-1 Verme_Page_279
	ICONARCH-1 Verme_Page_280
	ICONARCH-1 Verme_Page_281
	ICONARCH-1 Verme_Page_282
	ICONARCH-1 Verme_Page_283
	ICONARCH-1 Verme_Page_284
	ICONARCH-1 Verme_Page_285
	ICONARCH-1 Verme_Page_286
	ICONARCH-1 Verme_Page_287
	ICONARCH-1 Verme_Page_288
	ICONARCH-1 Verme_Page_289
	ICONARCH-1 Verme_Page_290
	ICONARCH-1 Verme_Page_291
	ICONARCH-1 Verme_Page_292
	ICONARCH-1 Verme_Page_293
	ICONARCH-1 Verme_Page_294
	ICONARCH-1 Verme_Page_295
	ICONARCH-1 Verme_Page_296
	ICONARCH-1 Verme_Page_297
	ICONARCH-1 Verme_Page_298
	ICONARCH-1 Verme_Page_299
	ICONARCH-1 Verme_Page_300
	ICONARCH-1 Verme_Page_301
	ICONARCH-1 Verme_Page_302
	ICONARCH-1 Verme_Page_303
	ICONARCH-1 Verme_Page_304
	ICONARCH-1 Verme_Page_305
	ICONARCH-1 Verme_Page_306
	ICONARCH-1 Verme_Page_307
	ICONARCH-1 Verme_Page_308
	ICONARCH-1 Verme_Page_309
	ICONARCH-1 Verme_Page_310
	ICONARCH-1 Verme_Page_311
	ICONARCH-1 Verme_Page_312
	ICONARCH-1 Verme_Page_313
	ICONARCH-1 Verme_Page_314
	ICONARCH-1 Verme_Page_315
	ICONARCH-1 Verme_Page_316
	ICONARCH-1 Verme_Page_317
	ICONARCH-1 Verme_Page_318
	ICONARCH-1 Verme_Page_319
	ICONARCH-1 Verme_Page_320
	ICONARCH-1 Verme_Page_321
	ICONARCH-1 Verme_Page_322
	ICONARCH-1 Verme_Page_323
	ICONARCH-1 Verme_Page_324
	ICONARCH-1 Verme_Page_325
	ICONARCH-1 Verme_Page_326
	ICONARCH-1 Verme_Page_327
	ICONARCH-1 Verme_Page_328
	ICONARCH-1 Verme_Page_329
	ICONARCH-1 Verme_Page_330
	ICONARCH-1 Verme_Page_331
	ICONARCH-1 Verme_Page_332
	ICONARCH-1 Verme_Page_333
	ICONARCH-1 Verme_Page_334
	ICONARCH-1 Verme_Page_335
	ICONARCH-1 Verme_Page_336
	ICONARCH-1 Verme_Page_337
	ICONARCH-1 Verme_Page_338
	ICONARCH-1 Verme_Page_339
	ICONARCH-1 Verme_Page_340
	ICONARCH-1 Verme_Page_341
	ICONARCH-1 Verme_Page_342
	ICONARCH-1 Verme_Page_343
	ICONARCH-1 Verme_Page_344
	ICONARCH-1 Verme_Page_345
	ICONARCH-1 Verme_Page_346
	ICONARCH-1 Verme_Page_347
	ICONARCH-1 Verme_Page_348
	ICONARCH-1 Verme_Page_349
	ICONARCH-1 Verme_Page_350
	ICONARCH-1 Verme_Page_351
	ICONARCH-1 Verme_Page_352
	ICONARCH-1 Verme_Page_353
	ICONARCH-1 Verme_Page_354
	ICONARCH-1 Verme_Page_355
	ICONARCH-1 Verme_Page_356
	ICONARCH-1 Verme_Page_357
	ICONARCH-1 Verme_Page_358
	ICONARCH-1 Verme_Page_359
	ICONARCH-1 Verme_Page_360
	ICONARCH-1 Verme_Page_361
	ICONARCH-1 Verme_Page_362
	ICONARCH-1 Verme_Page_363
	ICONARCH-1 Verme_Page_364
	ICONARCH-1 Verme_Page_365
	ICONARCH-1 Verme_Page_366
	ICONARCH-1 Verme_Page_367
	ICONARCH-1 Verme_Page_368
	ICONARCH-1 Verme_Page_369
	ICONARCH-1 Verme_Page_370
	ICONARCH-1 Verme_Page_371
	ICONARCH-1 Verme_Page_372
	ICONARCH-1 Verme_Page_373
	ICONARCH-1 Verme_Page_374
	ICONARCH-1 Verme_Page_375
	ICONARCH-1 Verme_Page_376
	ICONARCH-1 Verme_Page_377
	ICONARCH-1 Verme_Page_378
	ICONARCH-1 Verme_Page_379
	ICONARCH-1 Verme_Page_380
	ICONARCH-1 Verme_Page_381
	ICONARCH-1 Verme_Page_382
	ICONARCH-1 Verme_Page_383
	ICONARCH-1 Verme_Page_384
	ICONARCH-1 Verme_Page_385
	ICONARCH-1 Verme_Page_386
	ICONARCH-1 Verme_Page_387
	ICONARCH-1 Verme_Page_388
	ICONARCH-1 Verme_Page_389
	ICONARCH-1 Verme_Page_390
	ICONARCH-1 Verme_Page_391
	ICONARCH-1 Verme_Page_392
	ICONARCH-1 Verme_Page_393
	ICONARCH-1 Verme_Page_394
	ICONARCH-1 Verme_Page_395
	ICONARCH-1 Verme_Page_396
	ICONARCH-1 Verme_Page_397
	ICONARCH-1 Verme_Page_398
	ICONARCH-1 Verme_Page_399
	ICONARCH-1 Verme_Page_400
	ICONARCH-1 Verme_Page_401
	ICONARCH-1 Verme_Page_402
	ICONARCH-1 Verme_Page_403
	ICONARCH-1 Verme_Page_404
	ICONARCH-1 Verme_Page_405
	ICONARCH-1 Verme_Page_406
	ICONARCH-1 Verme_Page_407
	ICONARCH-1 Verme_Page_408
	ICONARCH-1 Verme_Page_409
	ICONARCH-1 Verme_Page_410
	ICONARCH-1 Verme_Page_411
	ICONARCH-1 Verme_Page_412
	ICONARCH-1 Verme_Page_413
	ICONARCH-1 Verme_Page_414
	ICONARCH-1 Verme_Page_415
	ICONARCH-1 Verme_Page_416
	ICONARCH-1 Verme_Page_417
	ICONARCH-1 Verme_Page_418
	ICONARCH-1 Verme_Page_419
	ICONARCH-1 Verme_Page_420
	ICONARCH-1 Verme_Page_421
	ICONARCH-1 Verme_Page_422
	ICONARCH-1 Verme_Page_423
	ICONARCH-1 Verme_Page_424
	ICONARCH-1 Verme_Page_425
	ICONARCH-1 Verme_Page_426
	ICONARCH-1 Verme_Page_427
	ICONARCH-1 Verme_Page_428
	ICONARCH-1 Verme_Page_429
	ICONARCH-1 Verme_Page_430
	ICONARCH-1 Verme_Page_431
	ICONARCH-1 Verme_Page_432
	ICONARCH-1 Verme_Page_433
	ICONARCH-1 Verme_Page_434
	ICONARCH-1 Verme_Page_435
	ICONARCH-1 Verme_Page_436
	ICONARCH-1 Verme_Page_437
	ICONARCH-1 Verme_Page_438
	ICONARCH-1 Verme_Page_439
	ICONARCH-1 Verme_Page_440
	ICONARCH-1 Verme_Page_441
	ICONARCH-1 Verme_Page_442
	ICONARCH-1 Verme_Page_443
	ICONARCH-1 Verme_Page_444
	ICONARCH-1 Verme_Page_445
	ICONARCH-1 Verme_Page_446
	ICONARCH-1 Verme_Page_447
	ICONARCH-1 Verme_Page_448
	ICONARCH-1 Verme_Page_449
	ICONARCH-1 Verme_Page_450
	ICONARCH-1 Verme_Page_451
	ICONARCH-1 Verme_Page_452
	ICONARCH-1 Verme_Page_453
	ICONARCH-1 Verme_Page_454
	ICONARCH-1 Verme_Page_455
	ICONARCH-1 Verme_Page_456
	ICONARCH-1 Verme_Page_457
	ICONARCH-1 Verme_Page_458
	ICONARCH-1 Verme_Page_459
	ICONARCH-1 Verme_Page_460
	ICONARCH-1 Verme_Page_461
	ICONARCH-1 Verme_Page_462
	ICONARCH-1 Verme_Page_463
	ICONARCH-1 Verme_Page_464
	ICONARCH-1 Verme_Page_465
	ICONARCH-1 Verme_Page_466
	ICONARCH-1 Verme_Page_467
	ICONARCH-1 Verme_Page_468
	ICONARCH-1 Verme_Page_469
	ICONARCH-1 Verme_Page_470
	ICONARCH-1 Verme_Page_471
	ICONARCH-1 Verme_Page_472
	ICONARCH-1 Verme_Page_473
	ICONARCH-1 Verme_Page_474
	ICONARCH-1 Verme_Page_475
	ICONARCH-1 Verme_Page_476
	ICONARCH-1 Verme_Page_477
	ICONARCH-1 Verme_Page_478
	ICONARCH-1 Verme_Page_479
	ICONARCH-1 Verme_Page_480
	ICONARCH-1 Verme_Page_481
	ICONARCH-1 Verme_Page_482
	ICONARCH-1 Verme_Page_483
	ICONARCH-1 Verme_Page_484
	ICONARCH-1 Verme_Page_485
	ICONARCH-1 Verme_Page_486
	ICONARCH-1 Verme_Page_487
	ICONARCH-1 Verme_Page_488
	ICONARCH-1 Verme_Page_489
	ICONARCH-1 Verme_Page_490
	ICONARCH-1 Verme_Page_491
	ICONARCH-1 Verme_Page_492
	ICONARCH-1 Verme_Page_493
	ICONARCH-1 Verme_Page_494
	ICONARCH-1 Verme_Page_495
	ICONARCH-1 Verme_Page_496
	ICONARCH-1 Verme_Page_497
	ICONARCH-1 Verme_Page_498
	ICONARCH-1 Verme_Page_499
	ICONARCH-1 Verme_Page_500
	ICONARCH-1 Verme_Page_501
	ICONARCH-1 Verme_Page_502
	ICONARCH-1 Verme_Page_503
	ICONARCH-1 Verme_Page_504
	ICONARCH-1 Verme_Page_505
	ICONARCH-1 Verme_Page_506
	ICONARCH-1 Verme_Page_507
	ICONARCH-1 Verme_Page_508
	ICONARCH-1 Verme_Page_509
	ICONARCH-1 Verme_Page_510
	ICONARCH-1 Verme_Page_511
	ICONARCH-1 Verme_Page_512
	ICONARCH-1 Verme_Page_513
	ICONARCH-1 Verme_Page_514
	ICONARCH-1 Verme_Page_515
	ICONARCH-1 Verme_Page_516
	ICONARCH-1 Verme_Page_517
	ICONARCH-1 Verme_Page_518
	ICONARCH-1 Verme_Page_519
	ICONARCH-1 Verme_Page_520
	ICONARCH-1 Verme_Page_521
	ICONARCH-1 Verme_Page_522
	ICONARCH-1 Verme_Page_523
	ICONARCH-1 Verme_Page_524
	ICONARCH-1 Verme_Page_525
	ICONARCH-1 Verme_Page_526
	ICONARCH-1 Verme_Page_527
	ICONARCH-1 Verme_Page_528
	ICONARCH-1 Verme_Page_529
	ICONARCH-1 Verme_Page_530
	ICONARCH-1 Verme_Page_531
	ICONARCH-1 Verme_Page_532
	ICONARCH-1 Verme_Page_533
	ICONARCH-1 Verme_Page_534
	ICONARCH-1 Verme_Page_535
	ICONARCH-1 Verme_Page_536
	ICONARCH-1 Verme_Page_537
	ICONARCH-1 Verme_Page_538
	ICONARCH-1 Verme_Page_539
	ICONARCH-1 Verme_Page_540
	ICONARCH-1 Verme_Page_541
	ICONARCH-1 Verme_Page_542
	ICONARCH-1 Verme_Page_543
	ICONARCH-1 Verme_Page_544
	ICONARCH-1 Verme_Page_545
	ICONARCH-1 Verme_Page_546
	ICONARCH-1 Verme_Page_547
	ICONARCH-1 Verme_Page_548
	ICONARCH-1 Verme_Page_549
	ICONARCH-1 Verme_Page_550
	ICONARCH-1 Verme_Page_551
	ICONARCH-1 Verme_Page_552
	ICONARCH-1 Verme_Page_553
	ICONARCH-1 Verme_Page_554
	ICONARCH-1 Verme_Page_555
	ICONARCH-1 Verme_Page_556
	ICONARCH-1 Verme_Page_557
	ICONARCH-1 Verme_Page_558
	ICONARCH-1 Verme_Page_559
	ICONARCH-1 Verme_Page_560
	ICONARCH-1 Verme_Page_561
	ICONARCH-1 Verme_Page_562
	ICONARCH-1 Verme_Page_563
	ICONARCH-1 Verme_Page_564
	ICONARCH-1 Verme_Page_565
	ICONARCH-1 Verme_Page_566
	ICONARCH-1 Verme_Page_567
	ICONARCH-1 Verme_Page_568
	ICONARCH-1 Verme_Page_569
	ICONARCH-1 Verme_Page_570
	ICONARCH-1 Verme_Page_571
	ICONARCH-1 Verme_Page_572
	ICONARCH-1 Verme_Page_573
	ICONARCH-1 Verme_Page_574

