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Introduction

Reducing the energy consumption in 
buildings is one of the most important 
challenges of modern architectural de-
sign in the era of climate changes. De-
signing the energy effi cient architecture 
requires a number of different factors to 
be taken into account in the energy bal-
ance of the building. These include both 
the reduction of energy used for heat-
ing purposes in winter and the reduction 
of energy used for cooling purposes in 
summer. The issue of overheating of the 
buildings in summer is one of the com-
mon problems of low-energy architec-
ture, that gives great opportunities for 
the use of greenery.

The potential impact of greenery on 
the reduction of energy demand can be 
considered in several aspects. One of the 
most important is the infl uence of green-
ery on amount of solar radiation reaching 

the building interior through the glazed 
parts of façades – this is called passive 
solar heat gain. Restricting the access of 
the sunlight to the façades can help to 
reduce the energy usage for the cooling 
purposes in summer. It can be achieved 
using various kinds of greenery, located 
on the ground in the building plot – like 
deciduous trees or conifers, or directly 
on the façade – like vertical gardens or 
creepers. On the other hand, shading the 
façade by the greenery may lead to en-
ergy losses due to reduced passive solar 
heat gains in winter. The aim of the re-
search is to assess the potential of using 
greenery to reduce the energy consump-
tion of the building in Polish climate 
conditions and to fi nd the most profi table 
balance between potential solar energy 
gains and losses caused by greenery.

Main scientifi c problem

A signifi cant part of the energy con-
sumed in buildings is used for heating 
and cooling purposes. In order to reduce 
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it, a number of technical solutions are 
used, like improving thermal insulation 
of the building envelope, effi cient me-
chanical ventilation systems with heat 
recovery and effi cient heat sources using 
renewable energy. To assess the energy 
demand in the building, it is necessary to 
calculate the energy balance of the build-
ing, that consists both losses and gains 
of energy. The balance of thermal energy 
used in building include losses of energy 
from:

heat transfer through external parti-
tions (fl oors, walls, roofs) and win-
dows;
heat transfer through the ventilation 
air.
Gains of thermal energy come from:
internal heat gains – heat emitted by 
people living in the building, electri-
cal devices, lighting etc.;
passive solar heat gains – from the 
solar radiation entering the build-
ing interior through the glazed parts 
of façades (windows), which are 
the main subject of the research de-
scribed in this article.
The rest of thermal energy – the dif-

ference between losses and gains – have 
to be covered by heat source in the build-
ing. It is the energy demand for heating 
purposes.

The amount of each component of 
the energy balance may vary during the 
year, depending on seasons. This applies 
especially to:

heat transfer – that decreases in sum-
mer and is much larger in winter;
solar passive gains – that are, in-
versely, higher in summer than in 
winter.
Passive solar heat gains are very use-

ful in winter, when they are relatively 

–

–

–

–

–

–

small and we need to take as much as 
possible to reduce the energy demand 
for heating purposes. But on the other 
hand, the solar radiation is much higher 
in summer, causing the risk of overheat-
ing and, as a consequence, the higher en-
ergy demand for cooling (air-condition-
ing etc.). The reduction of energy used 
both for heating purposes in winter and 
for cooling purposes in summer should 
be the aim of responsible designed en-
ergy-effi cient architecture. One of the 
tools to achieve such a favourable energy 
balance of the building is to ensure the 
appropriate access to the sunlight in each 
season.

This issue shows a potential of urban 
planning in designing an energy-effi cient 
development (Sobczyk & Bracha, 2014) 
and gives great opportunities for the use 
of greenery. One of the most important 
aspects is the infl uence of greenery on 
amount of passive solar gains through 
the glazed parts of façades. It can be 
achieved using various kinds of green-
ery, located on the ground in the building 
plot or directly on the façade.

Amount of passive solar heat gains 
can be calculated using the following 
formula (Feist, Munzenberg & Thumul-
la, 2009):

Qs = r · g · Ag · G [kWh·year–1] (1)

where:
Qs – total amount of passive solar gains;
r – reduction coeffi cient, including the 
solar incidence angle, shading and dirt;
g – total solar energy transmittance of 
the glazing (g-factor);
Ag – glazing area;
G – total solar radiation during the heat-
ing season.
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As we can see, the amount of passive 
solar heat gains depends on a few fac-
tors. Total solar radiation (G) is constant, 
but the designer can infl uence the rest of 
them:

total solar energy transmittance – g-
-factor (g) that depends on the type 
of glazing;
glazing area (Ag), that depends on the 
amount and dimensions of windows 
or glazed curtain walls;
reduction coeffi cient (r), that de-
pends, i.a., on the urban layout, in-
cluding location and distribution of 
the greenery.
The third of these factors mentioned 

above is the focus of the research de-
scribed in this article. The reduction fac-
tor is strongly connected with shading 
the façades of the building, that depends 
on various features of the surroundings, 
like:

orientation of façades towards the di-
rections of the world;
distances to the other buildings in the 
neighbourhood;
heights of buildings in the neigh-
bourhood;
building materials used on building 
façades in surroundings;
location and distribution of greenery 
around buildings.
Majority of the factors mentioned 

above is connected with geometry of the 
urban layout, so they are foreseeable at 
the stage of urban design. Appropriate 
design of the spatial layout of buildings 
can therefore give some energy savings 
without the need for other technical so-
lutions that would increase construction 
costs.

–

–

–

–

–

–

–

–

State of the art

Worldwide studies carried out so far 
show the great importance of the proper 
building layout: according to Strømann-
-Andersen and Sattrup (2011), in the cli-
mate conditions in Denmark, it is pos-
sible to achieve energy savings of up to 
30% for offi ces and 19% for housing, 
including energy for heating and cool-
ing and electricity for lighting purposes. 
Comprehensive study on the impact of 
the environment on the building’s en-
ergy demand, conducted in Singapore 
by Wong et al. (2011) points to the role 
of the different features of surrounding 
of the building, like building height and 
density, green plot ratio and their com-
bination. The issues of energy effi ciency 
in urban design, with an emphasis on 
the solar radiation, have been discussed 
also by the other authors (Chwieduk, 
2006; Amado & Poggi, 2012; van Esch, 
Looman & de Bruin-Hordijk, 2012; 
Stangel, 2013; Amado & Poggi, 2014; 
Sarralde, Quinn, Wiesmann & Steem-
ers, 2015; Grzymała, 2016; Morganti, 
Salvati, Coch & Cecere, 2017; Zhou, 
Zhuang, Yang, Yu & Xie, 2017; Tong et 
al., 2018). This shows a great potential, 
that is still not suffi ciently taken into ac-
count in the realities of the Polish spatial 
planning system.

As far as the greenery impact on an 
energy balance is concerned, there are 
known various scientifi c researches in 
various locations and climatic condi-
tions. The studies on the role of green 
walls in thermal performance of build-
ings have been carried out by Cheng, 
Cheung and Chu (2010), Kontoleon and 
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Eumorfopoulou (2010), Pérez, Rincón, 
Vila, González and Cabeza (2010), Jim 
and He (2011). There are also studies 
of double-skin façades conducted (Stec, 
van Passen & Maziarz, 2005). A partic-
ularly interesting research on the use of 
a vertical deciduous climbing plant as 
a shading element has been carried out 
by Ip, Lam and Miller (2010). The last 
mentioned publication draws attention to 
the seasonal variability of shading coef-
fi cient, which is advantageous in case of 
deciduous creepers.

This article is focused on somewhat 
other approach to the topic of the use 
the greenery not located directly on the 
building façade, but the plants (trees) 
located in the direct surrounding of the 
building, in front of the façades, taking 
into consideration location, distribution 
and size of the greenery. The matter of 
the research is to fi nd the most advanta-
geous distribution of greenery in building 
surroundings, that ensures to maximize 
reduction of solar radiation in summer 
and minimize losses of passive solar heat 
gains in winter.

The research should include the as-
pects, like:

insolation time, area and direction;
climate data (Ministry of Investment 
and Development, 2019);
variability of greenery over the time 
(including seasonal variation during 
the year and growth rate of plants).

Material and methods

The article discusses the preliminary 
research on the possibilities of achieving 
energy savings in buildings at the stage 
of greenery design in Polish legal and cli-

–
–

–

mate conditions. The research is to show 
how distribution of greenery in building 
surroundings infl uence the amount of so-
lar energy reaching the façades.

The following software has been 
used for the research:

Sketchup – to create a simplifi ed 3d 
model of the building quarters with 
surrounding development and green-
ery;
DL-Light extension – for the calcu-
lation of solar energy reaching the 
selected building façades. The re-
sults of calculations have been pre-
sented as diagrams of the average so-
lar radiation distribution (measured 
in Wh·m–2·day–1) on the façades in 
and, alternatively, diagrams of the 
radiation reduction factor expressed 
as a percentage.
The analysis has been carried out on 

selected theoretical examples in order 
to better observe general regularities, 
without an interrupting infl uence of spe-
cifi c local conditions. The research has 
been carried out using climatic data of 
Cracow, that are easily available in DL-
-Light extension for Poland.

Preliminary analysis

An initial analysis of the amount 
of the solar energy reaching building 
façades has been carried out on the 3d 
model of a typical urban building quarter. 
The dimensions of the quarter has been 
defi ned as 40 × 55 m, the height of the 
building has been set at 15 m, which cor-
responds to fi ve residential or four offi ce 
storeys. The distance between quarters 
is 25 m. The adopted dimensions of the 
quarter result from the sunshine require-

–

–
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ments for fl ats in the Polish construction 
law (at least 3 h in the days of equinox), 
assuming a building width of 15 m.

As a result, there has been created di-
agrams of distribution of the solar energy 
reaching west and south façades of the 
building quarter. The diagrams present 
the data for multiple situations:

in summer, without any greenery 
around the building quarter;
in summer, with rows of trees along 
the west and south façades;
in winter, without any greenery 
around the building quarter;
in winter, with rows of trees along 
the west and south façades – trees 

–

–

–

–

with leaves (analogical to the sum-
mer as a more comparable version);
in winter, with rows of trees along 
the west and south façades – trees 
without leaves (as a realistic version, 
because majority of trees in Poland 
are deciduous).
In all mentioned variants, the trees 

have been ~10 m high, the distance be-
tween trees ~10 m and distance to the 
building wall ~7 m. 

Results has been presented as dia-
grams of distribution of the solar ener-
gy reaching façades – the west and the 
south one (Figs. 1–5). For comparison, 
the same results have been presented as 

–

FIGURE 1. Distribution of the solar radiation on building façades – summer, without greenery (author: 
Wojciech Skórzewski)

FIGURE 2. Distribution of the solar radiation on building façades – summer, with trees (author: Woj-
ciech Skórzewski)
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diagrams of radiation reduction factor 
expressed as a percentage. In the fi rst 
two pictures presented below we can see 
the situation in summer – building quar-
ter without any greenery in the streets 

and then the same building quarter with 
some trees in the streets added, so that 
we can check how the amount of solar 
energy changes. As we can see, the de-
crease of the radiation is more signifi cant 

FIGURE 3. Distribution of the solar radiation on building façades – winter, without greenery (author: 
Wojciech Skórzewski)

FIGURE 4. Distribution of the solar radiation on building façades – winter, with trees (with leaves) 
(author: Wojciech Skórzewski)

FIGURE 5. Distribution of the solar radiation on building façades – winter, with deciduous trees (wi-
thout leaves) (author: Wojciech Skórzewski)
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on the west façade (similarly it is on the 
east one), which is caused by sun rays 
angle. Let’s compare it with the same 
situation in winter. After adding trees, 
losses of solar energy are less signifi cant 
at the east and west façades than on the 
south one. The decrease of solar gains in 
winter on the south façade, while the re-
duction of overheating is not so effective 
in summer, tends us not to locate trees 
in front of this façade. But if we grow 
deciduous trees instead of evergreen, the 
balance is more advantageous.

Detailed research

To confi rm these observations, there 
has been more detailed analysis carried 
out. The research has been conducted 
using the same software as the prelimi-
nary analysis (Sketchup with DL Light 
extension). The analysis has used simpli-
fi ed model of building quarter with the 
same size 40 × 55 m and height of 15 m, 
without any surroundings. The amount 
of the solar energy entering the building 
interior has been calculated for the typi-
cal window with dimensions 1.23 × 1.45 
m, located on the different heights on the 
façade: on the groundfl oor, fi rst and sec-
ond fl oor. The same calculation has been 
carried out for the windows located on 
the south façade and on the west façade. 
It has been assumed that the results for 
the eastern façade would be similar to 
those for the western façade. The cal-
culations for the northern façade were, 
which is not directly affected by solar 
radiation anyway, were abandoned.

Greenery has been represented as 
simplifi ed models of trees with a cylin-
drical trunk and a crown in the shape of 

a rotating ellipsoid. The crown and trunk 
of the tree were given materials with dif-
ferent solar radiation transmittance (Bal-
comb, 1992; Chwieduk, 2014): trunk – 
no transmittance, tree crown with leaves 
~6%, tree crown without leaves ~60% 
(for deciduous trees in winter) (Chwie-
duk, 2014).

For each façade there have been 
multiple variants of location and height 
of trees taken into consideration:

three variants of distance between 
façade and trees: 5, 10 and 15 m;
three variants of height of trees: 5, 10 
and 15 m – which correspond to the 
successive growth stages of the tree 
in time.
Such assumptions give nine combi-

nations of greenery distribution for each 
window on each façade (total 54 vari-
ants of calculation). For each variant, the 
calculation has been proceeded for two 
periods of the year: summer – from June 
21st to September 22nd and winter – from 
December 22nd to March 20th.

Results

For each variant of calculation there 
has been prepared a set of results, con-
sisting of:

an average daily amount of solar en-
ergy (measured in Wh·m–2) on the 
façade surface in summer period, 
without any greenery in front of the 
building;
an average daily amount of solar en-
ergy (measured in Wh·m–2) on the 
façade surface in summer period, with 
rows of trees in front of the façade;
a difference between this two values 
mentioned above, which represents 

–

–

–

–

–
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the profi t or loss of the solar energy 
due to the use of greenery;
similarly the same results for winter 
period and additionally the version 
with deciduous trees without leaves;
the balance of the gains and losses of 
the solar energy between winter and 
summer period in two variants (for 
evergreen and for deciduous trees), 
which shows the positive or negative 
infl uence of greenery on the balance 
of solar energy reaching the building.
On Figures 6–8 we can see a few 

sample results for selected variants of 
calculation. The calculations of other 
variants have been made by analogy.

After calculating balances of solar 
energy for each variant, summaries for 
the south façade (Figs. 9 and 10) and 
for the west façade (Figs. 11 and 12) 
have been prepared, both in two variants 
of greenery: evergreen and deciduous 
trees. 

We can observe, that infl uence of the 
location of greenery is quite different for 

–

–

the south façade and for the west façade 
(similarly for the east one). According to 
the research results locating greenery in 
front of the west or east façade is much 
more benefi cial than in front of the south 
one.

The trees situated on the west or east 
side of the building almost always have a 
positive effect on the overall solar energy 
balance of the building. For western and 
eastern façades, we are dealing with a 
signifi cant reduction in solar radiation in 
the summer. This is due to the low angle 
of sunlight from east and west directions, 
which vertical elements such as trees eas-
ily shade. On the other hand, in winter 
the amount of solar radiation delivered 
from these directions to the façade is still 
small, so shading of the sun rays by the 
trees has a little importance here. As we 
can see in the charts, the positive impact 
of trees on the energy balance increases 
with their height. This means that the 
greatest benefi ts of greenery come after 
a period of time.
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FIGURE 6. Results of detailed analysis, example 1: south façade, window on the groundfl oor level, 
trees distance from the façade 5 m, trees height 15 m (author: Wojciech Skórzewski)
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The situation is quite different for the 
southern façade. The angle of incidence 
of summer sunshine is high, so only trees 
located very close to the façade are able 
to limit its access. In turn, trees signifi -

cantly reduce radiation from the south 
in winter, when the angle of incidence 
of sunlight is low. As we can see in the 
presented charts, greenery in front of the 
south façade has a positive impact on 

FIGURE 7. Results of detailed analysis, example 2: south façade, window on the groundfl oor level, 
trees distance from the façade 15 m, trees height 5 m (author: Wojciech Skórzewski)

FIGURE 8. Results of detailed analysis, example 3: south façade, window on the fi rst fl oor level, trees 
distance from the façade 10 m, trees height 10 m (author: Wojciech Skórzewski)
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the solar energy balance only in a spe-
cifi c combinations of location and size of 
plants. The best benefi ts are in case of 
the shortest distance (5 m) and the maxi-
mum height (15 m). That show, that for 
the south façade greenery should be very 
close to the building to prevent building 
against overheating.

Conclusions

The results of the presented research 
show, that the greenery has a great po-
tential for reducing overheating in build-
ings in summer. However, the potential 
of greenery to improve energy balance 
of buildings depends on its location rela-

FIGURE 9. Results of detailed analysis – balance of the infl uence of the greenery on the amount of so-
lar energy reaching façade surface between winter and summer: south façade, evergreen trees (author: 
Wojciech Skórzewski)

FIGURE 10. Results of detailed analysis – balance of the infl uence of the greenery on the amount of 
solar energy reaching façade surface between winter and summer: south façade, deciduous trees (au-
thor: Wojciech Skórzewski)
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tive to building façades. The key factors 
determining the effect of greenery on the 
amount of passive solar heat gains are:

orientation of the façade towards the 
directions of the world;
distance of plants (trees) from the 
façade;
height of plants (trees);
solar radiation transmittance of the 
tree crown.

–

–

–
–

It is worth noting, that the façade ori-
entation has a great importance: for the 
west and east oriented façades location 
of the greenery in front of them gives 
greater effi ciency in reducing overheat-
ing than for the south oriented. It cor-
responds with the results of studies by 
Kontoleon and Eumorfopoulou (2010) 
on the plant-covered walls, which also 
showed that the reduction of peak daily 

FIGURE 11. Results of detailed analysis – balance of the infl uence of the greenery on the amount of 
solar energy reaching façade surface between winter and summer: west façade, evergreen trees (author: 
Wojciech Skórzewski)

FIGURE 12. Results of detailed analysis – balance of the infl uence of the greenery on the amount of 
solar energy reaching façade surface between winter and summer: west façade, deciduous trees (author: 
Wojciech Skórzewski)
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temperatures thanks to greenery is more 
signifi cant on the east and west oriented 
walls. Because the greenery in front of 
the south façade should be very close to 
the building to prevent building against 
overheating effi ciently, it seems that 
south façades are good place for green-
ery planted directly on the buildings, 
like green walls or creepers. The study 
on the bio-shading coeffi cient of the 
climbing plants by Ip, Lam and Miller 
(2010) confi rm the usefulness of decidu-
ous creepers for proper shading of the 
façade, taking the seasonal variability 
into consideration.

In general, the location and distri-
bution of the greenery in the direct sur-
rounding of buildings is an important as-
pect of energy-effi cient architecture and 
should be refl ected in urban layouts of 
designed energy-effi cient developments.

References

Amado, M. & Poggi, F. (2012). Towards solar 
urban planning: A new step for better energy 
performance. Energy Procedia, 30, 1261-
-1273.

Amado, M. & Poggi, F. (2014). Solar urban plan-
ning: a parametric approach. Energy Proce-
dia, 48, 1539-1548.

Balcomb, J.D. (1992). Passive Solar Buildings. 
Boston, MA: MIT Press.

Cheng, C., Cheung, K. & Chu, L. (2010). Thermal 
performance of a vegetated cladding system 
on façade walls. Building and Environment, 
45(8), 1779-1787.

Chwieduk, D. (2006). Modelowanie i analiza po-
zyskiwania oraz konwersji termicznej energii 
promieniowania słonecznego w budynku 
[Modelling and analysis of acquisition and 
conversion of solar thermal energy in buil-
dings]. Warszawa: IPPT PAN. 

Chwieduk, D. (2014). Solar energy in buildings: 
thermal balance for effi cient heating and 
cooling. London: Oxford Inc.

Esch, M.M.E., van, Looman, R.H.J. & de Bruin-
-Hordijk, G.J. (2012). The effects of urban 
and building design parameters on solar ac-
cess to the urban canyon and the potential for 
direct passive solar heating strategies. Energy 
and Buildings, 47, 189-200.

Feist, W., Munzenberg, U. & Thumulla, J. (2009). 
Podstawy budownictwa pasywnego [Basics 
of passive house construction]. Gdańsk: Pol-
ski Instytut Budownictwa Pasywnego.

Grzymała, Z. (2016). Eco-cities – case studies and 
development perspectives. Research Papers of 
Wrocław University of Economics, 432, 61-66.

Ip, K., Lam, M. & Miller, A. (2010). Shading 
performance of a vertical deciduous climb-
ing plant canopy. Building and Environment, 
45(1), 81-88.

Jim, C.Y. & He, H. (2011). Estimating heat fl ux 
transmission of vertical greenery ecosystem. 
Ecological Engineering, 37(8), 1112-1122.

Kontoleon, K.J. & Eumorfopoulou, E.A. (2010). 
The effect of the orientation and proportion 
of a plant-covered wall layer on the thermal 
performance of a building zone. Building and 
Environment, 45(5), 1287-1303.

Ministerstwo Inwestycji i Rozwoju [Ministry 
of Investment and Development] (2019). 
Typowe lata meteorologiczne i statystyczne 
dane klimatyczne dla obszaru Polski do 
obliczeń energetycznych budynków [Typical 
meteorological years and statistical climate 
data for the area of Poland for energy calcu-
lations of buildings]. Retrieved from: https://
www.dane.gov.pl/dataset/797?page=1&per_
page=50&sort=-verifi ed

Morganti, M., Salvati, A., Coch, H. & Cecere, 
C. (2017). Urban morphology indicators for 
solar energy analysis. Energy Procedia, 134, 
807-814.

Pérez, G., Rincón, L., Vila, A., González, J.M. 
& Cabeza, L.F. (2010). Behaviour of green 
façades in Mediterranean continental climate. 
Energy Conversion Management, 52(4), 
1861-1867.

Sarralde, J.J., Quinn, D.J., Wiesmann, D. & 
Steemers, K. (2015). Solar energy and urban 
morphology: Scenarios for increasing the re-
newable energy potential of neighbourhoods 
in London. Renewable Energy, 73, 10-17.

Sobczyk, W. & Bracha, K. (2014). Słoneczne 
budownictwo pasywne jako alternatywa dla 



Potential of using greenery to reduce overheating of buildings...  631

zużycia surowców kopalnych [Passive solar 
houses as an alternative to the consumption 
of fossil raw materials]. Edukacja – Technika 
– Informatyka, 1(5), 335-340.

Stangel, M. (2013). Kształtowanie współczesnych 
obszarów miejskich w kontekście 
zrównoważonego rozwoju [Improvement of 
modern urban areas in the contextof sustain-
able development]. Gliwice: Wydawnictwo 
Politechniki Śląskiej. 

Stec, W.J., Paassen, A.H.C. van & Maziarz, A. 
(2005). Modelling the double skin façade 
with plants. Energy and Buildings, 37(5), 
419-427.

Strømann-Andersen, J. & Sattrup, P.A. (2011). 
The urban canyon and building energy use: 
urban density versus daylight and passive 
solar gains. Energy and Buildings, 43(8), 
2011-2020. 

Tong, S., Wong, N.H., Jusuf, S.K., Tan, C.L., 
Wong, H.F., Ignatius, M. & Tan, E. (2018). 
Study on correlation between air temperature 
and urban morphology parameters in built 
environment in northern China. Building and 
Environment, 127, 239-249.

Wong, N.H., Jusuf, S.K., Syafi i, N.I., Chen, Y., 
Hajadi, N., Sathyanarayanan, H. & Manick-
avasagam, Y.V. (2011). Evaluation of the im-
pact of the surrounding urban morphology on 
building energy consumption. Solar Energy, 
85(1), 57-71.

Zhou, Y., Zhuang, Z., Yang, F., Yu, Y. & Xie, X. 
(2017). Urban morphology on heat island 
and building energy consumption. Procedia 
Engineering, 205, 2401-2406.

Summary

Potential of using greenery to reduce 
overheating of buildings in Polish climate 
conditions. The issue of overheating the 
buildings gives great opportunities for the 
use of greenery, that can affect the amount of 
passive solar gains through the glazed parts 
of façades. Restricting the access of the sun-
light to the façades helps to reduce the en-
ergy usage for the cooling purposes, but, on 
the other hand, may cause reduction of solar 
gains in winter. The aim of the research is 
to determine the potential of using greenery 
to reduce energy demand of buildings by 
achieving the optimal balance between so-
lar energy gains and losses in polish climate 
conditions.

Author’s address: 
Wojciech Skórzewski
(https://orcid.org/0000-0002-2070-9821)
Politechnika Poznańska
Wydział Architektury
ul. Nieszawska 13 A, 61-021 Poznań
Poland
e-mail: wojciech.skorzewski@put.poznan.pl



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


