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Natural Stone  – the balance looks right 

Facades of natural stone show remarkable energetic advantages in 

comparison with glass facades. This is the result o f an extensive 

study that compares facades of natural stone and gl ass.  

 

Experts consider the Frankfurt Opera Tower to be the most spectacular German 

office building in years. After having done extensive research and technical 

investigations, the prestigious architect Mäckler and the building company 

Tishman Speyer favored a facade of natural stone to one of pure glass for 

reasons of energy efficiency. Because of its natural stone facade the Opera 

Tower received the coveted gold status of the LEED rating system of the U.S. 

Green Building Council as one of the first office buildings in Europe. 

Developers, architects and users are becoming increasingly aware of the 

enormous consumption of energy that goes along with the construction and 

maintenance of glass facade systems. Politics and the media have focused on 

these issues various times. The Bavarian Supreme Court of Audit issued a 

recommendation in 2008 to use glass facades only in especially justified 

circumstances. Already in 2004 the German news magazine „Der Spiegel” (no. 

47) pointed out that the necessary air-conditioning of glass buildings is 

responsible for skyrocketing energy costs.  

The German Natural Stone Association (DNV) took a growing interest in energy-

saving facades as an opportunity to have carried out a sustainability study to 

assess the natural stone and glass facades in terms of their environmental and 

economic performance. The consulting company PE International, a global player 

in the field, agreed to conduct the study.  

The three-part study includes a complete life-cycle assessment of natural stone 

as well as glass facades, investigating the properties of glass and natural stone 

regarding production, use and recycling (End of Life),. The study also compares 

different methods of facade construction in respect to their use of primary energy 

and their impact on the environment. 

Press declaratio n 
Würzburg, November 2010 
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During the buildings' period of use some building materials have to be renewed or 

substituted. The life cycle of building materials is determined by the Manual for 

Sustainable Construction issued by the German Federal Ministry for Construction. 

This manual stipulates an average life cycle of 80 years for natural stone. It 

should be noted that the stipulated life cycle is only an estimate and does not 

preclude a notably longer life cycle. 

 

Life Cycle Assessment- Content 

This study is based on the LCA-method (LCA – Life Cycle Assessment), which 

systematically analyses a product's effects on the environment during its entire life 

cycle (from the cradle to the grave). This includes the product's effects on the 

environment during production, during its period of use and during its disposal as 

well as upstream and downstream processes (e.g. raw materials and supplies).  

 

Life Cycle Assessment – Part 1 

The first part of the study analyses the environmental impact of two typical facade 

designs, carried out with natural stone and with glass, over a period of 100 years. 

One square meter of a back-ventilated natural stone facade with heat insulation 

on reinforced concrete is compared to a coextensive facade of glass mounted on 

a substructure of aluminium. 
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Results – Part 1  

Over a period of 100 years a natural stone facade has considerable ecological 

advantages in comparison with a glass facade. In summary, the study shows that 

natural stone facades require a significantly lower amount of primary energy than 

do glass facade systems, both in the production process and during their period of 

use. Over the entire life cycle, glass facades require more than three times as 

much primary energy than natural stone facades (see figure 1). 

 

 

Primary Energy Need for the life cycle of a facade of natural stone and of 
glass in [MJ/m²] over a period of 100 years
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Figure 1 
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The environmental impact of glass facades is substantially higher than that of 

natural stone facades as well (see figure 2): 

• Global warming potential (CO2- equivalent; GWP) more than 2.5 times higher 

• Ozone depletion potential (R 11; ODP) more than 1.5 times higher  

• Acidification potential (SO2 equivalent; AP) more than 3 times higher 

• Eutrophication potential (PO4  equivalent; EP) more than 4 times higher 

• Ozone-smog potential (C2H4 equivalent; POCP) more than 4 times higher  

 

 

Evaluation of the damage to the environment over th e cycle of life (100 
years)
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Figure 2  



Seite 5 von 12 

Seite 5 von 12 

Deutscher 
Naturwerkstein- 
Verband e.V.  

 

Life Cycle Assessment – Part 2 

Part 2 of the study focuses on the following alternative facade designs using the 

example of the Frankfurt Opernturm given a period of observation of 50 years: 

• Facade option 1:  

the actually built facade at the Opernturm in Frankfurt, which is composed 

of a unitized, back-ventilated facade of natural stone (17 %) according to 

DIN 18516-3 (33 %) as well as elements of glass (50 %) 

 

• Facade option 2:  

back-ventilated facade according to DIN 18516-3 with a window ratio 

of 50 %.  

 

• Facade option 3:  

facade of glass, consisting of glass elements (90 %) and a back-

ventilated natural stone facade according to DIN 18516-3 (10 %)  

 

Results – Part 2 

Comparing the various facades alternatives in the second part of the study also 

demonstrates a notable ecological advantage of natural stone over against glass 

elements when considering the roughly 30,000 square meters of the entire facade 

area. The primary energy requirements of a glass facade (facade option 3) is 

more than two times higher than the one of an equivalent facade of natural stone 

(option 1 and 2, figure 3). 
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Need of primary energy for the cycle of life of the  implemented, unitized facade of 
natural stone, the optional facade of glass and the  optional conventional facade of 

natural stone in [MJ/m²] using the example of the O pernTurm in Frankfurt
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The environmental impact of glass facades is 60 to 175 % higher than that of a 

facade made of natural stone. In sum, if the entire life cycle is taken into 

consideration, the environmental footprint of glass facades is considerably higher 

than that of their natural stone counterparts (figure 4): 

 

• Global warming potential (CO2- equivalent; GWP) more than 1,5 times higher 

• Ozone depletion potential (R 11; ODP) more than 2,5 times higher 

• Acidification potential (SO2 equivalent; AP) more than 1,5 times higher 

• Eutrophication potential (PO4  equivalent; EP) more than 1,5 times higher 

• Ozone-smog potential (C2H4 equivalent; POCP) more than 1,5 times  higher 

 

 

 

Figure 3 
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Evaluation of the damage to the environment of the three scenarios over 
50 years: reference value is the implemented facade
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Figure 4 
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Economic advantages of natural stone  

Facades of natural stone not only excel with regard to the environment, but are 

also highly cost effective: For instance, the heat transfer coefficient for a facade of 

natural stone is 0,32 W/m2, which is far below that of a glass facade with 1,25 

W/m2. Because of the lower heat conductivity of the material, the heat 

requirement of buildings with natural stone facades are notably lower as well. 

Moreover, the negative economic and ecological effects of extensive glass 

facades due to heat loss in winter and the tremendous air conditioning necessary 

for cooling the building in the summer has not even been taken into account by 

the study. 

 

According to a different study of the Darmstadt Institut Wohnen und Umwelt, the 

energy demand of a conventional facade of natural stone is estimated at between 

100 and 150 kilowatt hours per square meter and year[kWh/m²a], while the 

consumption of primary energy of glass buildings amounts to 300 and 700 

kilowatt hours per square meter and year, which is at the level of non-insulated 

buildings from around the turn of the last century. 

 

Last but not least, the construction of natural stone facades is considerably more 

cost efficient than the erection of glass facades. Having investigated 20 facades, 

the Bavarian Supreme Court of Audit came to the conclusion that the investment 

costs rise proportional to the amount of glass used in construction. While 

perforated facades with a glass content of 35 % needed just 400 €/m2, glass 

facades with a glass content of 90 % required an amount of 1.280 €/m2. Each 

further percent of glass content added to the amount required by the usual 

perforated facade amounts to 16 €/ m2 including related costs (Construction index 

November 2006). Likewise the maintenance costs of natural stone facades 

amount to only half of the costs for maintaining glass facades. In addition, the 

yearly cleaning of the glass surfaces costs another 1.50 Euro per square meter on 

average. More specifically, the cleaning of perforated facades amounts to 1 €/m2 

and of regular glass facades to 4 €/m2. Buildings with twin facades made of glass 
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Manufacturing, maintenance and cleaning costs of na tural stone and glass facades 

or with construction elements that are cleaning-intensive or difficult to access 

require yet higher cleaning costs. 

 

/DGNB 2009/1,50 [€/m²a]--cleaning costs

/DGNB 2009/9,00 [€/m²a]4,50 [€/m²a]maintenance costs

/ORH 2008/1280 [€/m²]640 [€/m²]manufacturing costs

sourceglass facadenatural stone
facade

/DGNB 2009/1,50 [€/m²a]--cleaning costs

/DGNB 2009/9,00 [€/m²a]4,50 [€/m²a]maintenance costs

/ORH 2008/1280 [€/m²]640 [€/m²]manufacturing costs

sourceglass facadenatural stone
facade

 

 

Results Part 3 – Cost considerations 

When examining the costs, the study looks at the economic performance of a 

variety of facades in stone and glass over their whole life cycle of 50 years. The 

study includes the costs of production, maitenance and cleaning as well as the 

energy demand during the period of use in the form of heat, cooling, ventilation and 

lighting. To determine the energetic performance of the different facade alternatives 

over the entire seasonal cycle of the designated reference year, a thermal building 

and facilities simulation was conducted (see fig. 5). 

 

The results show clear cost advantages of natural stone facades with a window 

ratio of 50 % over facades made entirely of glass. Based on one facade element 

with an exterior surface of 14.7 m², the savings over the facade's entire life cycle 

amount to about 15.800 €. This number includes an estimated increase in energy 

prices of 4 %. If an energy price rise of 6 % is assumed, the difference even 

amounts to 16.400 € (see figs. 6 and 7). 

 

These differences in costs result from the lower production costs as well as the 

energy efficiency during the period of use. The calculation of the facades' life cycle 

costs followed the criteria of the German Sustainable Building Council (DGNB), 

which determines life cycle costs as a part of its certification of building 
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sustainability when focusing on buildings' economic performance. The production 

costs for both facade variants are based on a study of the Bavarian Audit Office 

(ORH Bericht 2007 TNr. 19). The energy requirements during the period of use are 

taken from the TRNSYS energy simulation conducted by Drees and Sommer. 

 

Fig. 5   left: cross-section of the viewed office (natural s tone façade with window) 
 right: cross-section of the viewed office, whole g lass façade (with opaque silica glass element inste ad of a massive lintel) 
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Fig. 7   live cycle costs based on one facade element with a n exterior surface of 14.7 m² 

Fig. 6   percentage share of life cycle costs referring to  14,7 m² facade area over preiod of 50 years 
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This press information can be used free of charge. A voucher copy would be 

appreciated. 


