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Green façades have a cooling effect on the building and the surrounding climate. Furthermore, the cities are becoming

increasingly dense, which makes the space-saving characteristic of vertical greening an optimal solution. 
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1. Introduction

Due to the assumption that two thirds of the world population will live in urban areas by 2050  the issue of urban greening is

becoming increasingly important. The climate of cities is known to be very different compared to that of surrounding rural

areas and a clear temperature difference is observable. This phenomenon is called the “Urban Heat Island” (UHI) effect. One

of the main reasons for its occurrence is the sealing of permeable surfaces—as it happens, for example, when constructing

buildings and infrastructure on previous open, green spaces. Furthermore, vertical building surfaces cause a reflection of the

sun rays and thus heat up the environment. Vertical greening is a strategy to counteract this effect .

One of the measures in the “Urban Heat Island Strategy Plan” by the Vienna Environmental Protection Department is the

protection and expansion of green and open spaces, as they provide a cooling effect through shading and evapotranspiration

. However, according to the report “Global warming of 1.5 °C” by the Intergovernmental Panel on Climate Change (global

material resource) , a general increase in surface temperature has been observed worldwide and not only in cities. This

makes the issue of cooling in summer of rising importance. Façade greening can contribute to this as an effective cooling

measure.

The microclimate of a city is influenced by various urban characteristics, such as building density, the nature of its open

spaces, the orientation of buildings in relation to solar radiation and wind movements, as well as the surface materials and

colors of roofs, façades, courtyards and streets. The synergistic effects of planning decisions that have an impact on the

microclimate can lead to a significant improvement in the residents’ sense of comfort .

Green façades have a cooling effect on the building and the surrounding climate . Furthermore, the cities are becoming

increasingly dense, which makes the space-saving characteristic of vertical greening an optimal solution. Façade greening

represents an interface between buildings and urban planning. In addition to the previous, conventional tasks of buildings, a

greened building takes over one more with a façade greening.

Façade greening also has numerous other advantages, including air quality improvement, sound reduction through

adsorption, supply of oxygen and of course the aesthetic aspect .

There are various categories of façade greening. Among the ground-based are the climbing plants, which are divided into self-

climbers and scaffold climbers. They take root in the soil in front of the building. The self-climbers, such as ivy and wild vine

can hold themselves to the wall by means of roots and adhesive discs. Scaffold climbers need climbing aids such as ropes or

trellises.

Facade-bound greeneries are structures that are attached directly to the building. These curtain wall elements are either plant

troughs that are attached to rails or vertically suspended elements from which the plants grow out horizontally .

The microclimate in a street canyon is strongly influenced by the surrounding buildings and their structure, color, construction,

insulation and surface temperatures .

The building envelope is heated up by sun rays. However, a green surface intercepts the rays and thus prevents their

reflection, which leads to the reduction in temperature in the immediate surroundings. In consequence, the surface

temperatures of a building are significantly reduced by vertical greening, which is also proven by a number of studies .

2. Comparison of the Cooling Capacity with a Beech Tree

It is difficult to represent and value the total cooling effect of a green area caused by evapotranspiration. Therefore, in the

following a comparison of the cooling capacity with a beech tree is made and a method for the monetary evaluation of the
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cooling effect is presented.

A beech tree has an approximate average transpiration capacity of 30 L per day .

The studied vertical greening system with an area of 58 m  has an average evaporation capacity of 101.38 L per day in

summer.

Thus, it can be said that the façade greening is equivalent to about 3.4 beeches in terms of evaporative capacity.

Nevertheless, it should be noted that the façade greening must be artificially irrigated. The water consumption of this trough

system without tank in the outdoor area is 0.35 m /m /year.  For the entire system, this would be 18,550 L per year.

However, at places with insufficient space for trees, especially in the context of dense urban areas, vertical greening is a good

alternative. A façade greening is an elaborate concept compared to a self-growing tree, but it has a time advantage if it has to

be done quickly, as a tree needs decades to become fully grown.

Tudiwer et al.  determined the cooling costs for the economic evaluation of a façade greening. The presented method was

used to qualitatively assess the economic effects of greening buildings. In particular, it deals with the evaluation of the

evaporation energy in urban areas. The production costs are influenced by evaporation capacity, the total costs for the

greening system, and the number of summer days. These cost models are usually used in the energy industry to compare

different electricity prices. It is based on the ratio of the total cost of electricity generation to the electricity generated. The

costs are incurred at different times and using the net present value method, they are to be discounted and calculated at time

t = 0 to have a direct comparison.

In , the formula for the electricity production costs is adapted and the cooling production costs of the façade greening,

located in Vienna, are calculated.

Considering several influencing factors, such as the number of summer days (desired cooling effect), the amount of heat

extracted and the total costs, the cooling production costs were calculated to be 0.80 €/kWh. This indicates that with an

investment of 0.80 € in this façade greening 1 kWh of thermal energy can be extracted from the environment. It should be

noted that the calculations were made in 2019 and the current costs may differ.

The reduction in the surface temperatures of the exterior façade due to greening is clear. The south façade of a 5-storey

administrative building in a university campus in Shanghai showed a maximum temperature difference of ~9 °C between the

non-greened and greened façade, and up to 4.2 °C for the north façade.

A study conducted in the vicinity of the city center of Ljubljana, Slovenia showed a temperature reduction in a south façade of

up to 34 °C.
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