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Green roofs and walls: a sustainable option for improving  
energy efficiency and resilience in the cities 

 



NOWADAYS: 
 
 

The objective of the Union’s 2020 is that energy consumption has to 
be no more than 1,474 Mtoe of primary energy or no more 
than 1,078 Mtoe of final energy (Energy Efficiency Directive 
2012/27/EU).  
 
To reach these objectives, the European Union (EU) sets the climate 
and Energy Package 20-20-20 : 
 

• by the energy efficiency a target of 20% primary energy saving by 
2020, compared to 2005 consumption.  

 

• 20% reduction of greenhouse gas (GHG) emissions, compared to 
1990 levels. 

 

• the objective of 20% renewables in the energy mix in 2020. 
 

However, by 2030 it is planned a cut of at least 40 % in emissions, a 
27 % share for renewables, and a 27 % increase in energy efficiency.  
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Buildings are responsible for 40% of energy consumption and 36% 

of CO2 emissions, with 65% electricity consumption (Directive 

2012/27/EU on Energy Efficiency).  
 

Improving energy efficiency could reduce total EU energy consumption 

by 5 to 6 % and lower CO2 emissions by about 5 %.  
 

GRWs (Green Roof and Walls) are in tune with the Directive which 

outlines that GI (Green Infrastructures) can help reducing GHG 

emissions on urban areas, and improve the appearance of cities 

(European Commission, 2013).  
 

The Covenant of Mayors of European Commission outlined to mitigate 

the Urban Heat Island Effect also through GRWs.  
 

GRWs are a natural solution for reducing energy demand for air 

conditioning systems in summer periods (30% of total electricity 

consumption in southern areas of Europe).  

Training day   
ENEA / JRC Ispra 



Although data on GRW are available from a number of areas (mainly 
Germany, France and Italy in Europe, North America and many 
countries in Asia), most of them are not transferable to specific 
climatic conditions of other countries.  
 
ENEA has started a demonstrative action at the Centre ENEA 
Casaccia, located north of Rome (latitude: 42°02'36", 
longitude: 12°18'28"). 

      

      

Green wall prototype installed at the ENEA Casaccia Centre 

Hedera elix, Lonicera holprolifici, Partenocissus quinquefolia, Trachelosperum jasminoides. 
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Drop - irrigation 
Vase :100x40x45 

Under-vase: 130x45x32 

Monitoring system 
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South-west  layout, South est and side view 



A difference up to 14 °C was recorded between the highest 
wall temperatures measured for the uncovered wall and the 
walls covered with plants (stationary situation). 



The green layer strongly reduces  
the solar radiation incidence on the wall 



During summertime, the presence of vegetation decreases the 
incidence of solar radiation on the building wall, leading to a strong 
reduction of the surface temperature of the wall covered by the 
climbing plants in respect to the uncovered wall. 



The shielding effect of the incident solar radiation from the plant 
blanket can be defined by a dimensionless «Kv» indicator, defined as:  
  

Kv = (TGW – Tno-GW) / (Tno-GW - Tout-tair) from which we have : (TGW –Tno-GW) = Kv (Tno-GW – Tout-tair), 

where:   

Tno-GW = surface temperature of non-shielded wall, 

TGW = surface temperature of shielded wall, 

Tout-air = outdoor air temperature.  

The Kv factor varies between 0 and 1: 
 

 Kv=0, the green blanket does not 

assure any shielding;  

 Kv=1, the green blanket exercises 

complete shielding.  

Relation between Leaf Area Index (LAI)  

and shadowing effect 

Experimental values of Kv (green constant)  

Pandorea jasminoides variegate 
Partenocissus quinquefolia 

Hedera helix 
Lonicera hall prolific 

Rhyncospermum jasminoides 

0.95 
0.85 
0.83 
0.81 
0.81 

 

LEAF area/GROUND area (m2/m2) 



GRWs are also regarded as an important 

solution reducing energy demand of Air 

Conditioning systems in summer (30% of 

total electricity consumption in most of the 

countries of southern areas of Europe are 

for building acclimatization). 

 

GRF improve air-conditioners’ energy 

efficiency. If outdoor air temperature 

decreases, the air-conditioner with variable 

speed drive compressor decreases the 

compressor’s rotational speed in order to 

meet the requirement of low compression 

rate.  

 

Low compressor rotational speed directly 

relates to a lower energy consumption 

because the energy consumption of 

conditioners are oughly linear to the 

compressor’s rotational speed, and this low 

the energy demand. 



The regularity of the growth shows a satisfactory adaptation with plants grown in hydroponics  



 
Fig. 6 -  Illustration of an integrated system of a sustainable home. 
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Surface temperatures of the green roof  from April to September 2018. 

The greenery allows a reduction in the temperature values at the vegetation level of about 
18 °C (TF03 sensor), and a strong reduction in montly fluctuations. The temperature below 
the greenery remains almost constant and varies within a small range of about  7 °C . 
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Below greenery 

No-greenery 



Calculation of the resistance and thermal transmittance of the green roof. 

THICKNESS CONDUCTIVITY [λ] THERMAL RESISTANCE [R] THERMAL TRANSMITTANCE [T]

(m) W/mK m
2
K/W W/m

2
 K

2,380

0,42

Substrate 0,100 0,280 0,357

Drainage layer 0,058 0,033 1,758

2,115

0,47

4,495

0,22

GAIN PERCENTAGE 47,05%

GREEN THERMAL RESISTANCE [R_green]

          GREEN THERMAL TRANSMITTANCE [U_green]

TOTAL THERMAL RESISTANCE [R_total]

        TOTAL THERMAL TRANSMITTANCE [U_total]

DESCRIPTION

STRUCTURE THERMAL RESISTANCE [R_structure]

STRUCTURE THERMAL TRANSMITTANCE [U_structure]

G
R

E
E

N

Table shows the thermal characteristics of the opaque components characterizing the roof. 

Each stratigraphic element is identified by the thickness [m] and the relative thermal 

conductivity [λ], from which the thermal resistance [R] of each structural element is derived. 

Performing the summation of the latter calculates the total thermal resistance [RT], or the 

total thermal transmittance of the structure [U].  

The data collected and processed, relating to the stratigraphy of the green roof of the 

demonstration building, show a reduction of the total thermal transmittance of 47% 

compared to a roof without a green coat. This leads to greater thermal insulation of the 

building with consequent energy savings in terms of heating and cooling. 
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Climate zone Opaque vertical 

structures 

Horizontal or inclined opaque 

structures 
Openable and similar 

closures (**) 
Covers Floors (*) 

A 0.54 0.32 0.60 3.7 

B 0.41 0.32 0.46 2.4 

C 0.34 0.32 0.40 2.1 

D 0.29 0.26 0.34 2.0 

E 0.27 0.24 0.30 1.8 

F 0.26 0.23 0.28 1.6 

(*) Floors towards unheated rooms or outside. 

(**) In accordance with the provisions of article 4, paragraph 4, letter c, of Presidential Decree 2 April 2009, n. 59, 

which fixes the maximum value of the transmittance (U) of openable and assumable closures, such as doors, 

windows and display cases even if not openable, including fixtures. 

Limit values of thermal transmittance of the structures forming the building envelope 

Decree of 11 March 2008 coordinated with the Decree of 26 January 2010, shows, within table 2 of Annex 

B, the transmittance limit values to be respected for the purposes of admissibility for deductions of 65%. 

For the calculation of the transmittance of the crop layer, reference is made to the UNI EN ISO 6946: 2018 

"Building components and elements - Thermal resistance and thermal transmittance - Calculation 

methods", assuming that the ground is a layer that is part of the stratigraphy of the structure (floor).  

For the thermal transmittance values of the "green roof system" the normative reference refers 

primarily to the stratigraphy that supports the "green roof system".  
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Plant cultures CO2 

sequestered/year 

Bibliography 

Herbaceous plants  4.38 kg/m² Taiz & Zeiger, 2006. 

Schaefer, Rudd Vala, 2004. 

Daniel Roeher, Jon. Laurenz, 

2008. 

Shrubby plant 8.76 kg/m² 

Climbing plants   6.57 kg/m² 

The amount of CO2 sequestered on average per year is reported by the 

different types of plant essences used to be growth on buildings. 
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 0.2-17 kWh/m2.year (energy saving for heating). 

 9.0-48 kWh/m2.year (energy saving for cooling). 
 

 2000 kg of CO2 /apartment in terms of reduction of energy for air conditioners. 
 

 500 Kg of CO2 per 150 -200 m2 of green space (garden, threes). 
 

 UHI phenomenon in cities can be reduced by GRWs. 
 

  GRW solutions represent an entirely new market opportunity for a number of 

companies, entrapreneurs, associations, etc.  
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