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ABSTRACT 

Since ancient times, people have made use of nature and everything it offers. The technological 
developments that followed the industrial revolution helped people to intervene more easily in 
nature and natural resources. As a result of these interventions, new living spaces and new life 
styles developed. However, the increasing consumption of natural resources and population 
increaseled people to configure novel design approaches to use these sources in a more efficient 
way. 

The aim of this study was to examine how the amount of energy used in buildings can be 
reduced using the planting design methods. This study also aimed to identify the ways to 
decrease the amount of energy used in buildings, using landscape design methods. To this end, a 
thorough literature survey was conducted, including publications from Turkey and abroad and 
relevant data was collected. In addition, case studies from Turkey and abroad were examined. At 
the end of an analysis of the data obtained in this way, a series of suggestions regarding efficient 
use of energy in landscape architecture were made. 

Keywords: Energy efficiency, Landscape design, Planting design, Energy. 

INRODUCTION 

The problematic relation of the human history with the nature, which has lasted since ancient 
times, has become much more problematic with the industrial revolution that continued from the 
18th century until mid-20th century due to the increasing population and the transforming 
society and cities (Sert, 213). As of 1960s, the society and city, which survived until our present 
day by using the technology and power they held at hand, developed an unsustainable use of the 
fields in cities. The results of this field usage is observed in the disruption of the climatic balance 
(excessive droughts, floods, tsunamis, etc.), in the formation of the urban heat islands, in the loss 
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of biodiversity, in the transformation of the hydrological cycle, in the regional climatic changes, 
and in the decline of the ecosystem services, which are crucially important (Seabrook et. al., 
2011; Sert, 2013). In many scientific studies conducted so far, the importance of climatic data in 
planning and designing process of the urban areas has been discussed (Paparelli et. al., 1996; 
Eliasson, 2000; Svensson and Eliasson, 2002; Shashua-Bar et. al., 2009). 

It has been understood together with the fast-increasing sensitivity on the environment in 1990s, 
and with the conscious that aroused on the environment and on covering the needs of future 
generations, not only the immediate needs of today’s people, that consuming fossil energy 
sources caused negative influences at a global scale. In this process, using the energy at an 
efficient manner, supporting renewable energy sources (solar energy, wind, biomass, geothermal, 
etc.), and encouraging the policies that aim to lengthen the lifespan of existing sources have been 
included in basic strategies of many countries (Judi and Chee, 2009; Manioğlu, 2011). For this 
reason, today, the designs that cover the needs of people at maximum level; comfortable, 
changeable, productive, ecological, energy-efficient, and having the latest technologies are 
needed (Boduroğlu, 2010). With the increasing importance given to energy efficiency and saving 
the energy, the studies that aim to increase the energy quality, which are among the studies 
conducted for the above mentioned purposes, is increasing with each passing day (Kaypmaz and 
Engin, 2009). 

In this context, the designers bring forth the active and passive design methods that include 
energy saving level in structure shells with local sources, suitable for physical environmental 
conditions, and use solar energy, natural air conditioning and natural lighting, and frequently 
require maintenance-free construction materials, and include reusable, recyclable materials that 
are sensitive to the environment and that decrease energy consumption to the least level (Karaca 
and Varol, 2012). 

Designing landscape in an energy-efficient manner in the field of landscape design has numerous 
benefits from decreasing the CO2 level, to social benefits, from increasing public life quality to 
decreasing and preventing the damages (Seabrook et. al., 2011) stemming from the ecosystem 
(Sert, 2013).The organizations made with the energy-efficient landscape design in landscape 
applications increase the visual value of the field and decrease the energy amount spent on the 
structure with the efficient use of natural sources (Sun, wind, topography, vegetation, etc.). 

The aim of this study was to examine how the amount of energy used in buildings can be 
reduced using the planting design in landscape design methods. To this end, a thorough literature 
survey was conducted, including publications from Turkey and abroad and relevant data was 
collected. In addition, case studies from Turkey and abroad were examined. At the end of an 
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analysis of the data obtained in this way, a series of suggestions regarding efficient use of energy 
in landscape architecture were made. 

ENERGY CONSUMPTION IN TURKEY 

Today, energy consumption has increased depending on the developing technology and on the 
increasing number of people living in cities with the urbanization (Mediavilla et al., 2011). In 
order to cover the increasing energy consumption, many alternative energy sources are used. 
However, many countries that cannot make use of alternative energy sources import the majority 
of the needed energy to cover their energy needs. One of these countries is Turkey. 

The gross electric energy consumption of Turkey was 257.2 billion kWh in 2014; and 264.1 
billion kWh in 2015 with an increase of 2.7%; and electricity production increased at a rate of 
3.1% when compared with the previous year (252.0 billion kWh) and was 259.7 billion kWh in 
that year. It is estimated that electric consumption will reach 392 TWh in 2020 with an annual 
increase of 6.9%. The electricity production in 2015 consisted of 37.8% from natural gas, 28.4% 
from coal, 25.8% from hydraulic, 4.4% from wind, 1.3% from geothermal and 2.2% from other 
sources (Ministry of Energy and Natural Resources, 2016). According to the projections, it is 
expected that the energy demand will increase at a rate of 60% until the year 2030, and nearly 
80% of this demand will be covered with fossil fuels, and the biggest increase in the demand 
among fossil fuels will be for natural gas. However, it is also assumed that the rate of the 
renewable energy sources and nuclear energy among primary energy sources; and the rate of 
electricity and hydrogen among secondary energy sources will increase at a fast rate when 
compared with previous years. In the light of these projections, it is assumed that 21st Century 
will be the Age of Energy (World Energy Council Turkish National Committee, 2009). 

ENERGY-EFFICIENT LANDSCAPE DESIGN APPROACH 

In the formation of micro-climate within the city, the morphological structure of the city plays an 
important role as well as the structures within and around the city (Smith and Levermore, 2008; 
Hossain, 2010). Cooling cities in hot seasons has great importance for city planners as well as 
city designers. The changes in micro-climate, thermal emissions and absorption of cities may be 
intervened with increasing the green areas in cities, using highly-reflective materials, and 
increasing open areas where cooling winds can enter the city (Smith and Levermore, 2008). In 
addition, when the issue is viewed at a regional scale, the existence of planted areas or water 
bodies (streams, dams, lakes, etc.) have a cooling influence on micro-climate (Spronken-Smith 
and Oke, 1999, Smith and Levermore, 2008). 

While there are interventions on great areas at regional scale within the microclimate of a city, 
small areas and structures within the city, which constitute the city itself, are also intervened to 
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improve the microclimate of the city at a great level. This will result in great benefits in 
decreasing energy consumption in buildings. 

When energy-efficient planning and design are mentioned, people generally think about the use 
of fields and the design of buildings (Owens, 1990; Kısa Ovalı, 2009; Mangan ve Koçlar Oral, 
2014; Mert ve Saygın, 2016). Positioning of buildings in architectural designs, ensuring 
isolation, using solar collectors, selecting materials that will be used in constructions, adjusting 
the width and heights of windows are among the architectural design approaches that are 
intended to decrease the energy consumption in buildings. In landscape design, on the other 
hand, using natural elements (climatic properties, topography, vegetation, etc.) and artificial 
elements (pergola, lighting elements, flooring element, etc.) in a regular and proper manner will 
increase the aesthetic and functional quality, and decrease the energy consumption of the 
buildings. While this efficient landscape design is being performed, these three functions, that 
are the environment, spatial design and energy must be considered as a whole (Figure 1). 

 

Figure 1. The relation between design, environment and energy (The Ministry of Public 
Works and Settlement, 2009; Mert and Saygın, 2016). 

According to Krigger (1995) A well-designed landscape will; 

• Cut your summer and winter energy costs dramatically. 

• Protect your home from winter wind and summer sun. 

• Reduce consumption of water, pesticides, and fuel for landscaping and lawn maintenance. 
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• Help control noise and air pollution. 

In this context, energy-efficient landscape design may be expressed as the merger of the natural 
and cultural elements,which constitute the landscape, by caring for the aesthetic, functional and 
ecological principles in a harmony, and obtaining benefit in terms of energy saving in the 
buildings. 

PLANTING DESIGN 

Trees affect the well-being of humans in a variety of ways. In large measure, the impacts are 
positively-valued. For example, trees are aesthetically pleasing, are a source of energy for 
heating and cooking, provide habitat for other plant and animal species valued by humans, are a 
source of certain foods and medicines, and provide natural filtration that helps clean water and 
reduces destructive stormwater runoff (Laband and Sophocleus, 2009). 

Plant elements are important building blocks in landscape design. Landscape design helps us to 
define how we can use our environment in a better manner, and ensures that there appears a 
sustainable give-and-take relation between the humans and the environment, and that it is 
renewed. Plant design contributes to increase the visual-aesthetic quality of the environment as a 
whole. The ecological demands of the plants come to the forefront in ensuring the functions of 
plants in terms of visual elements (Atik and Karagüzel, 2014). 

The plant elements that exist around the buildings influence the microclimatic properties of the 
area around them. The plant cover, which decreases the temperature and increases the humidity 
in the air with the help of vaporization, is also important in terms of energy control management 
of the buildings. The plant cover ensures that the Sun’s rays and winds are controlled, noise 

pollution is decreased, and the dust particles in the air are filtered and cleared. It is also 
beneficial in terms of contributing psychologically to human beings and in terms of increasing 
ecological variety (Heisler, 1986; Nowak, 2002; Erbaş, 2003; Soysal, 2008; Tariq, 2014). 
Meticulous work is necessary in all works, from planting a single tree in a house garden to 
planning the forest around a city in order to obtain the benefits from plant elements. The trees 
that will be used in landscape organization must be selected in accordance with the purpose, and 
the places where they will be planted must be carefully determined (Görcelioğlu, 1986; 

Görcelioğlu, 1999) (Table 1). 
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Table 1. Impact of Vegetation and Climate Components (Tuli and Islam,2014). 

Classify 
plants 

Solar Radiation, Air Temperature, Air Flow 
and Relative Humidity 

Comments 

In 
General 

Herb 

 
Impact of Herbs 

 Direct solar radiation and Air temperature is 
higher than other cases in open spaces. 

 Uninterrupted wind flow. 
 Relative humidity depends on density of green. 
 Reduces dust and no visual barrier. 
 

Shrub 

 

Impact of Shrubs 

 Sometimes small shaded area or sometimes 
direct solar radiation in open spaces. 

 Shrubs hinder the natural wind flow in human 
level, but a large or smaller shrub allows air 
flow in human level. 

 Relative humidity is high in human level. 
 Sometimes filters air and create barrier. 
 Flowering shrubs are good in terms of 

aesthetics. 

Tree 

 

Impact of Trees 

 Create shaded spaces. 
 Allows gentle wind movements in human level, 

and filters or guiding the movements in. 
 Sometimes ground cover do not grow in the soil 

because of large shading tree and lack of solar 
radiation. 

 Air temperature is less in the shading area. 
 Relative humidity is high under the tree. 

Density 

Low 
(SDI 

< 
280) 

 

Impact of Low Density Green 

 Allows direct solar radiation. 
 Allows gentle wind flow. 
 Air temperature is less than a paved area. 
 Relative humidity is moderate. 
 Allows ground cover in the soil. 

Solar Radiation 

Evapotranspiration Wind 
Flow 

Evapotranspiration 

Evapotranspiration 

Wind 
Flow 

Solar Radiation 

Solar Radiation 

Wind  Flow 

Solar Radiation 
Evapotranspiration 

Wind  Flow 
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High 
(SDI 
>280) 

 

Impact of High Density Green 

 Do not allow direct solar radiation. 
 Hinder wind velocity sometimes allows tunnel 

effect. 
 Air temperature is less than other situation 
 Relative humidity is high. 
 Sometimes do not allow good grass on ground 

and Create dark shade. 

 

Using plant materials wisely can help reduce your energy costs. Winter heating bills may be 
reduced as much as 15 percent while the energy needed for summer cooling may be cut 50 
percent or more. Given rising energy costs, even a 10 percent energy saving can be significant to 
the homeowner. (Hoeven, 1982). 

CONTROLLING THE SUN’S RAYS 

The Sun is an unlimited energy source and is considered in the first place among renewable 
energy sources. Solar energy is used in a controlled manner in climatization of houses and work 
places (i.e. cooling-heating), lighting internal and external areas, providing hot water and in 
heating swimming pools; in agricultural technology, in drying agricultural products; in industry, 
in solar pumps, solar cells, solar pools, heat pipe applications; in means of transportation-
communication, in signalization, and automatization, and in producing electricity(Varınca and 

Varank, 2005; Tsoutsos et. al., 2005; Varınca and Gönüllü, 2006; Şenpınar and Gençoğlu, 2006; 

Kadiroğlu, 2011). 

In this context, it is also possible to make use of solar energy by taking the Sun’s rays under 

control by using the plant elements. Plants may hinder the passing through of the Sun’s rays with 

their bodies and leaves or allow the passing of the Sun’s rays by losing their leaves. By using this 

characteristic, the Sun’s rays may be ensured to reach the desired areas or they can be prevented.  

Meanwhile, different influences may be obtained according to the physiological structure of the 
plants. While the plant types that have intense leaf tissue provide athick shadow, some plant 
types that have less leaves provide shadow with less intensity. In addition, the shapes of the 
plants also change the shape of their shadows. Some plant types have pyramidal shadows, while 
some others have columnar or spreading shadows (Figure 2).   

Solar Radiation 

Wind  Flow 

Evapotranspiration 
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Figure 2. A tree’s shade potential depends upon its canopy shape and the density of the 
shadow it creates (Hoeven, 1982; Gilmer, 2013). 

The positioning of the plant elements according to the buildings is as important as their shapes. If 
the trees nearby a building have leaves in winter, they prevent the Sun’s rays to reach the 

building, and cause that more energy is spent for heating because of their shadows cast on the 
building. Again, similarly, the use of trees that lose their leaves during summer causes that the 
building is exposed to direct sunlight, and therefore increases the energy consumption for 
cooling. For these reasons, the seasonal changes in plants must be cared for in plant 
organizations around buildings. For example, in organizations that will be made in the Northern 
Hemisphere, the trees that do not lose their leaves during summer months must be preferred in 
order to prevent the buildings from direct sunlight and to decrease the need for energy to ensure 
cooling. During winter, on the other hand, the plants surrounding the buildings must be selected 
from among the trees that lose their leaves during winter in order to ensure that the building 
absorbs the sunlight and become heated, and thus, to decrease the energy consumption (Figure 
3).    
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Figure 3. Trees as energy conservation (Gilmer, 2013). 

The heights of the plants that will be used around the buildings also influence the sunshine 
duration the building receives from the Sun. While lower plant types decrease the influence of 
the Sun in the morning and in the sunset during summer months, higher plants decrease the 
influence of the Sun at noon, when the Sun’s rays come directly in an intense manner. The 

distance between the plants and the buildings is also influential as the heights of them. For 
example, in order to benefit from the shadow of a tree, planting a tree far from a building without 
calculating the height of the tree will not make it possible to benefit from its shadow (Figure 
4).For this reason, wrong positioning of trees, in other words, their casting shadow onto the 
building during winter months, increases energy consumption. For this reason, positioning the 
plants has great importance in energy efficiency (Nowak, 2002). 

 

Figure 4. Energy conservation arrangement (Gilmer, 2013). 
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In addition, clutching and ground-covering plant types that are present on and around a building 
will ensure that the building makes use of the sunlight during winter, and the building will be 
protected from the burning effect of the sunlight during summer. 

THE CONTROL OF THE WINDS 

Winds have influences on many natural and cultural elements in a region, from its topographical 
structure to its humidity and temperature values. For this reason, winds are important in 
determining the microclimate of a region. In energy-efficient design approaches,the designs that 
are intended for controlling the winds have influences on the energy use of the buildings in the 
region. 

For example, a 16.09 kph northwesterly wind can make an air temperature of 6.7 degree Celsius 
(°C) feel like 0 degree Celsius (°C). Wind can also accelerate the rate of air exchange between 
outdoors and indoors, resulting in an increased demand for heating in a home. Properly placed 
landscape plants can influence air infiltration by redirecting, slowing or increasing the velocity of 
winds near the house (Haque et. al., 2004). 

In landscape designs, one of the elements that ensure the control of winds is the plants. 
According to Scudo (2002), vegetation influences the direction of the wind movement by means 
of obstruction and deflection, guidance and filtration depending on the tree geometry, height, 
canopy permeability and crown cover. 

Winds that blow from different directions in different seasonsmay have various influences at 
various speeds also depending on the topography of the region. Before starting architectural and 
landscape designs, the dominant wind directions of the area must be determined for seasons. This 
will influence the positioning of the building and the plants as well as their types, sizes, etc. 

Heisler (1990) has measured the impact of trees in reducing ambient wind. Akbari and Taha 
(1992) used Heisler’s data and analyzed the impact of wind reduction on heating- and cooling-
energy use of typical houses in cold climates. Simulations indicated that in cold climates, a 30% 
uniform increase in urban tree cover can reduce winter heating bills in urban areas by about 10% 
and in rural areas by 20% (Akbari, 2002). In a follow on undocumented work, we estimated that 
the savings in urban areas can almost be doubled if evergreen trees are planted strategically on 
the north side of buildings so that the buildings can be better protected from the cold north winter 
wind (Akbari, 2002). 
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Figure 5. Example for Building and Environmental Design (Görcelioğlu, 1986; Genç, 2006). 

In cold climate regions, it is necessary to evaluate the heights of the trees that will be planted for 
controlling the winds; and the ideal distance between the plants and the buildings must be well-
planned (Yurtsev, 2015). With the evergreen plant types planted at a certain distance from the 
buildings in order to create a windbreak, it is possible to decrease the speed of the winds. By 
making use of this property, it is possible to prevent the energy losses stemming from especially 
the winter winds (Figure 6). 
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Figure 6. A dense windbreak that is properly designed and correctly located reduce winds 
(Hanley and Kuhn, 2003; Barkley et. al., 2010). 

CONCLUSION 

Today, depending on the fast-increasing population and developing technology, the need for 
energy is increasing. The energy sources that are used to cover the need for energy being fossil 
fuels damages the environment and the nature; and cause that energy sources run out in time. In 
addition, the energy that is imported to cover the need for energy causes that foreign currency is 
lost at a great amount. For these reasons, the precautions that will decrease the energy 
consumptionin buildings must be taken with design approaches both in architectural and in 
landscape approaches.  

In energy-efficient landscape designs, plant elements have an important place in controlling the 
climatic conditions. Plant elements are influential on the microclimate that is specific to a certain 
area together with the other elements of that specific area. Plants that will be positioned around 
buildings by considering the efficient landscape design criteria will play roles both in ensuring 
the comfort for the people living in these buildings and in decreasing the amount of the energy 
spent. In this context, energy-efficient landscape design has great importance in order to decrease 
the energy consumption of the buildings as well as energy-efficient landscape architectural 
design.  

By making use of the solar and wind energy, which are renewable sources, the energy 
consumption will decrease, and thus, the damage given to the natural sources and to the 
environment will decrease.  

In landscape design works, functional and aesthetic designs that decrease the energy 
consumption of buildings must be made by considering the developments in design and 
technology together with the natural and cultural properties of the buildings. 
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