Green roof technology
The object of the current work is to show the different systems of green roof that we can find
in the market nowadays, and at the same time compare the advantages that can provided talking
mainly about energetic savings during the warm season in the climatic conditions of Latvia. For this
last point we will use data obtained in the studies realized by Latvian University in the stands of the
Botanical Garden of Riga.
1. Introduction
The green roof technology could be considerate as a new architectonical concept in
construction, but this is completely false. From the most ancient ages we can find examples in
places so different and so far away one from each other like the Nordic countries and Tanzania.

Picture 1. In the picture appears one of the typical constructions we can find in Feroe Islands with
green ceiling.
But if in the past the reasons to use this method were other very different, in this age is being
used for the advantages related with the ecology, the energetic savings and the rational use of the
materials.
The rational use of the materials is an important topic that worries all the nations. Sources of
Spanish Ministry of Environment in 2005 estimated that the construction consumes approximately
40 % of primary energy generating also 40% of waste in the European Union, so it is easy to
understand why it is an important area where to look for reduce the costs.
„Latvijas klimatam potenciāli piemērotu mūsdienīgu sistēmisku tehnoloģisko risinājumu prototipu,
konstrukciju un materiālu apzināšana un atlase.”
Projekts (vienošanās Nr. 2013/0027/1DP/1.1.1.2.0/13/APIA/VIAA/007)

When talking about green roofs is important to speak about Europe, because there is where
we can find the most developed technique, and inside Europe Germany plays an important role.
Germany is not only the first country who started to use the system and where it has been
implemented since 1960 millions of square meters, it is also the country who created the first
complete technical guide to

built green roofs in 1998,

made by Forschungsgesellschaf

Landschaftsentwicklung Landschaftsbau (FLL)
Picture 2. In the picture there is a green roof built in Berlin in
1926. As we see the beginning was very early but it was not until
the 80 when it started to increase a lot the number of square meters
constructed. This was propitiated by a change in the legislation
and the normalization of the incentives.

2. Green roofs types
Most of the experts agree in considering basically three kinds of green roof. These are the
Extensive, the Semi-intensive and the Intensive. In the chart are being included the main
characteristics of them.
Table 1.

Maintenance
Irrigation
Plant communities
System build-up
height
Weight
Costs
Use

Extensive Green
Roof
Low
No
Moss-sedum-herbs
and grasses
60-200 mm

Semi-Intensive
Green Roof
Periodically
Periodically
Grass-herbs and
shrubs
120-250 mm

60-150 kg/m2
Low
Ecological
protection layer

120-200 kg/m2
Middle
Designed Green
Roof

Intensive Green
Roof
High
Regulary
Lawn or perennials,
shrubs and trees
150-400 mm on
underground
garages
180-500 kg/m2
High
Park like garden

Picture 3.Green roofs types
2.1. Intensive Green Roofs
Can be considered as traditional gardens, for that reason the vegetal variety is huge and even
some kind of trees can be planted on them. Precisely for this, it is important that thickness of the
substrate layer will never be less than 150mm because is going to weight loads until 500 kg/m2 .
The image shows an intensive green roof in Manhattan, created time after the construction of the
building, but like a normal rule is better to build intensive green roofs in new constructions because
of the difficulties in the structural calculations.

Picture 4. Example of intensive green roof.
2.2. Semi-Intensive Green Roofs
Considered intermediate, the characteristics of thickness and weight stay between the
extensive and the intensive, but it is important to notice that requires regular maintenance too.

Picture 5.Example of semi-intensive green roof.
2.3. Extensive Green Roofs
The main differences with the others are the low maintenance and the construction in
inaccessible places. They only required thickness from 60 to 120 mm and can support maximum
weights until 140 kg/m2 and because of this the vegetation will be normally endemic of the place
and mainly formed by species that can subsist on rainwater. They are the most suitable for using in
existing buildings.

Picture 6. Example of extensive green roof.
2.4. Green Roofs Components
For the optimum operating conditions the system of vegetation requires the following
components:
Vegetation layer: with a huge selection of plant species, depends on the system chosen.

Substrate layer: his function is to support the physical layer of vegetation, supplying nutrients,
water and oxygen need.
Filter layer: prevents the passing of the fine particles of the substrate to the drainage layer.
Draining sheet: his function is to receive precipitation and lead to cover drains. It can serve
also serve as a store of water.
Thermal Insulation
Anti-root waterproofing membrane: which inhibits the growth of plants.
Protection board: vapor control.
Support base: that serves to support all components.
3. Advantages
3.1. Improving air quality
Air pollution in the urban environment is one of the biggest problems for human health in the
cities.
Several studies show that vegetation can significantly contribute to the reduction of air
pollution in cities. The vegetation retains dust and particles in the air and helps to reduce the effect
of microclimate.

Picture 7.Improving of air quality.
3.2. Storm water management
Thanks to the storage layer, green roofs can retain water and return it to the atmosphere
through the evaporation and transpiration. Some studies indicate that can absorb and retain between

the 40% and the 80% of the annual precipitation falled on them, depending on the intensity of
rainfall and of the layers.

Picture 8. The figure is an approximated graphic of how a common roof (black line) drains water
and how a green roof does (dashed line). The traditional roof collapses early and drains almost all
at the same moment.
3.3. Temperature adjustment and electricity savings
Immediately we can see that more layers reduce the hot roof and the thermal sensation inside
of the buildings because the radiation of the sun can´t impact so directly and thanks also to the
natural process of the plants the temperature of the surrounding area decreases.
Here it is a practical example made by Notthingam Trent University.
Table 2.reduction of temperature by green roof
Criterion

Winter(o C)

Summer(o C)

Average Temperature
Temperature under a
conventional ceiling
Temperature under a green
roof

0

18.2

0.2

32

4.7

17.1

From the chart we obtain that the comfort inside of the room analyzed will be much better
using the green technology, and this example can be compared with the results obtained in the
stands that the faculty of Physics has in Riga´s Botanical Garden.
In the graphic below, the temperatures taken by the sensors inside the constructions during the
warm season, suffer

a big increase inside of the stands during the sunny days using a traditional

black roof, and not only this, during the cold season the necessity of heat pumps is more than
essential producing thermal sensations not wished.
Green roofs as insulator reduce electricity consumption by the air conditioning system and the
cost produced by the heat pumps.

Picture 9.Old “green roof” (left), overheating in summer in buildings with light constructions
right).
3.4. Prolongation of the life of the tire
With green roofs, the life of a roof can be extended 40 years, which is the double of a
traditional deck. In Europe, where green roof technology began over 20 years ago, some studies
conclude that membranes covered by vegetation can prolong the life of the roof up to 50 years.
3.5. Installing photovoltaic cells
This ecological technology is completely related with use of solar panels. Plus the advantages
of the solar energy we have that is not dangerous at all for the roof to install the panels because in
any case will be perforated the membrane anti-root, even if is implanted in an ancient construction.
The position of the panels help as well to retain more water in the places occupied for vegetation
giving shadow to the rest, reducing like that the global temperature outside. All this information and
more can be find it in the book Futureoriented and sustainablegreenroofs in Germany (Ansel ,
2004).

Picture 10. Heat island effect.

Picture 11. Combination of green roof with photo cells.
3.6. Reduce heat island effect
The heat island effect consists in the increasing of the temperature in the city compared with
the surrounding area, in some cases the difference can even be of 5 o C. This happens for the large
areas of hard surfaces that reflect the sun radiation into the atmosphere. With vegetation this
radiation is used in the evapotranspiration process thereby reducing the urban temperature.
Global temperature of New York City (right up) and places occupied by vegetation (right
under). The relation of highest temperatures is proportional to the places with less vegetation.
Below there is a graphic example of the heat island effect in a city and in the surrounding area
(Understanding and mitigating heat in urban areas, Gartlan L).

Picture 12. Reduction of heat island effect.

3.7. Creating habitats
Green roofs contribute to the conservation of the biodiversity in urban areas, mainly small
flying communities but not only to them, because they provide space for nesting and are an
important link between fragmented areas.
It could be part of the solutions to solve the international problem of the decrease in the
number of bees, acting like places to rebuild the natural habitat.

Picture 13.Impact to the conservation of biodiversity in urban areas.
3.8. Noise Reduction
The combination of the different layers act as a sound barrier reducing significantly the noise
inside the building. In this context, in 2011 Botteldooren and Renterghem investigated five cases of
green roofs, taking data before and after installation of system. They concluded that the acoustic
seal provided by the covers exceeds 10 dB. The researchers founded out that the substrate blocks
absorb low frequencies, while plants do it with the high frequencies.

Picture 14. In the picture Dr Maureen Connelly, honored with the Green Roof and Walls Award of
Excellence for her research relating to the acoustical characteristics. British Columbia Institute of
Technology.

3.9. Physical and physiological benefits
The benefits are associated with the relaxation, regeneration, stress reduction and provision of
cleaner air). The social benefits include: the integration of the building into natural environments,
various possibilities of design and use the space for rest and recreation. Especially intensive green
roofs have a very high potential for highly urbanized areas.

Picture 15. The roof can be used as a viewpoint and café, increasing the value of the construction.
4. Conformation
To form a green roof, is required the installation of several layers which we described
previously with particular characteristics that all together enable establishing a plant cover. The next
description will be made of each layer contained a green cover.
4.1. Structural Support
When the engineers calculate the loads that are going to support the roofs is important to
know that the total weight of substrate must include

the vegetation

layer under conditions of

saturation. The structural supports of concrete are considered more appropriate than steel for
installing green roofs because of the higher strength and rigidity and the better water ingress and
corrosion answer. Structural concrete decks must be used in all cases in which the medium
cultivation will be more than 15 cm of thick.
4.2. Thermal insulation
This insulation layer is optional according to the conditions of the place. It can be installed
above and below of the waterproofing membrane.
This recommendation seeks to avoid the risk of condensation and to increase the indoor
comfort, minimizing the costs of the mechanical acclimatization.

4.3. Waterproofing membrane protection and anti root
Two types are used primarily for waterproofing agents.
A) special asphaltic membranes (anti – root). The most commonly used, includes chemical
additives who engage in the asphalt compound.
B) thermoplastic

membranes.

It is not bituminous materials , which have superior

characteristics in terms of stability over time.
4.4. Drainage and water reserve
The drainage system allows the flow of the water from the culture medium towards outside of
the cover when this is saturated and additionally retains provide water to the roots during dried
periods.
The drainage system is made up by a filter element placed under the culture medium in order
to prevent the pass of materials, normally made with geotextile of polyester fibers. Here there are
two principal options: the rigid thermoplastic mold or the use of low density volcanic rock perlite.

Picture 16. Materials for drainage and water reserve.
4.5. Culture medium (substrate)
Designed to provide suitable conditions for better development of vegetative cover, taking
into account the restrictive conditions of the surface on which it is implanted.
Typically, soils are mixed before the application in order to provide a combination of
materials that has a suitable water retention, permeability, aeration capacity, resistance to the
erosion, and to achieve more substrates light (FACTORY MUTUAL INSURANCECo.,2007).
According to the type of green roof that we want to be implemented and it´s requirements,
will choose the culture medium soil, but soil density usually varies between 1.1 and 1.2 kg/m2 per
mm when it is dry and by 1.4 and 1.5kg/m2 mm when it is saturated. Species must be capable of
tolerating conditions of sun, wind and variations temperature.

5. Installation Methods
5.1. Prefabricated vegetation mats commonly known as Sedum mats
Can be recognized because in appearance are equal to the lawn. Once installed, it only makes
lack place on the substrate and add water ( COUNTYFLATROOFING , 2005 ) .

Picture 17. Different installation methods
5.2. Plugged Plantation
This method requires about 10 plants per square meter. Initially, it has to cover the 100 % and
takes about 12 months for the full establishment of the vegetation. The great advantage of this is
that allows great control over the selection of species and esthetic design (COUNTY FLAT
ROOFING, 2005).

Picture 18. Different installation methods
5.3. Seeding
This is a popular method because it is cheap and fast. After the substrate has been installed,
shoots and seeds are placed in some relevant areas. Then it is applied fertilizer and irrigation, for a
period of 12 to 18 months in which suckers down (COUNTY FLAT ROOFING, 2005).

Picture 19. Different installation methods.
5.4. Natural consolidation
It is perhaps the cheapest method and strictly rational in the environmental sense.
6. Conclusion
The benefits of the green roofs are a lot and varied, but of course there is not only advantages
using this system, situations with strong winds or with fires complicate more the construction of the
roof. Arrived at this point is important mainly to weight on one hand the costs and the complication
of the maintenance and in the other the benefits for the human and the medium to take a decision
about how would be continue to develop the roofs, one thing is clear, under the conditions of latvian
climate is true that there should be an special attention to the construction and the maintenance, but
some examples have been implanted satisfactorily like in the Rezekne Zeimuls and there should be
continuing the studies of the different kinds to optimize the technique and convert it in a real option
in the nearest future.
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