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For example, the primary energy demand in the use of natural stone slabs for 1,000 m² of paving 
amounts to around just 505,000 MJ over a study period of 100 years. In contrast, the same area 
covered with concrete slabs requires approx. 2,136,000 MJ of primary energy. Based on the bench-
mark figure for electricity consumption for the average two-person household of 2,700 kWh/year, 
the amount of energy saved could supply around 170 two-person households with electricity for a 
whole year. Compared with clay pavers and Asphalt, the amount of primary energy saved could 
supply around 360 and 480 two-person households respectively with electricity for a whole year.

CO2 emissions, which have such an impact on global warming potential, are also almost seven times 
lower for the production of natural stone paving slabs compared with their pre-cast concrete coun-
terparts. For clay pavers, the ratio is as much as 7.6 times.

These results from the life-cycle assessment study are, however, also impacted by CO2 emissions from 
transportation. In the following calculations, approx. 5.83 tonnes CO2 equivalent are emitted with a 
transportation distance of 250 km for domestic production. If the same amount of natural stone is 
imported, this amount rises to approx. 46.64 tonnes for a distance of 2,000 km (Portugal/Spain) and 
to approx. 61.07 tonnes for imports from China. The environmental advantages of natural stone are 
thus severely eroded by long-distance transportation, which shows that the use of local natural stone 
is preferable. Offsetting transportation emissions with the purchase of carbon certificates is possible 
in theory, but their practical benefit is disputed.

In order to reduce raw material consumption, as much of the construction materials used in paving
 as possible must be directly reused or recycled.

Paving stones and slabs made from natural stone are of particular significance here because used 
paving stones and natural stone slabs for outdoor use are often reused and are a sought-after com-
modity.

For these reasons, the Deutscher Naturwerkstein-Verband e.V. (DNV – German Natural Stone Asso-
ciation) commissioned a study that compares the ecological impact of different modular paving 
materials for pavements, roads and public squares, from the production of materials, through the 
construction phase and whole life considerations in use.

Hermann Graser
President of the German Natural Stone Association

Sustainable construction using natural stone

Sustainable construction has gained in importance in 
recent years. Sustainable construction is defined as the 
consideration of ecological, economic and social aspects 

in planning and construction processes and property manage-
ment. Germany has been working on the fundamentals and 
guidelines for the Sustainable Building Round Table, estab-
lished by the Federal Ministry of Building, in 2001. One of the 
results of this work is the Guide to Sustainable Building by 
the Federal Ministry of the Interior, Building and Community, 
which is used as a planning guideline for public construction 
projects.

A certification system for sustainably designed and con-
structed buildings and developments has been created, in 
particular thanks to the activities of the German Sustainable 
Building Council (DGNB – Deutsche Gesellschaft für Nachhaltiges Bauen). With its certification 
 system for sustainable developments, the DGNB offers a globally recognised planning and optimi-
sation tool that helps to implement these kinds of comprehensive sustainability credentials in a 
 targeted, systematic and economical way. It delivers the right answers to the key questions we will 
face in the future in terms of planning and construction practice.

Internationally, sustainable construction is often equated with the term green building. A similar 
certification system has existed in Great Britain for many years. The BREEAM system also assesses the 
buildings environmental performance, including social and health aspects, but does not evaluate 
economic performance. In the US, the LEED system was developed by the US Green Building Council. 
The system is now also used outside the United States for planning energy-efficient and green build-
ings. To date, the LEED system does not use a total building life-cycle assessment to evaluate the 
ecological performance of a building, but instead bases the ecologically motivated selection of 
materials on the evaluation of individual properties. For example, in the LEED system, a rating is given 
for materials and construction products that are transported less than 800 km to the construction site.

A warming planet and the changes in the climate associated with this will also require a major 
rethink in terms of construction, with increasing importance assigned to climate-friendly construc-
tion practices. Avoiding materials that emit high amounts of CO2 during their manufacture is emer-
ging as a major environmental aspect. Because the construction sector makes a major contribution 
to global CO2 emissions and energy consumption, construction products should also have the lowest 
possible environmental impact in their manufacture and use, right through to disposal, taking eco-
nomic aspects into account. 
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A comparison of the pavement construction types over a 100 year service life, which is common for 
granite setts, for example, highlights the low energy consumption associated with pavement con-
structed using natural stone setts and slabs.
The energy requirements of external paving using natural stone slabs comes to approx. 470 MJ/m2 
– around 1/10th of the energy required for clay pavers (4,000 MJ/m2) and for asphalt surfacing 
(5,210 MJ/m2).

Figure 1 below shows the total energy requirements, comprising renewable energy (PERT) and 
non-renewable energy sources (PNERT), for types of pavement surface construction.

1  Summary

The object of this study by the Institute of Construction Materials at the University of Stuttgart is to 
determine the ecological performance of different pavement surfacing materials used in a variety of 
public realm and commercial applications.
The environmental impact of structural base and bedding layers, together with types of surfacing, 
was subjected to a detailed life-cycle study. 
The data was collected from public environmental product declarations (EPD) issued by the various 
building material manufacturers and from the ÖKOBAUDAT platform managed by the German Fed-
eral Ministry for the Interior, Building and Community (BMI).

A comparison of all surfacing materials showed that paving setts and slabs produced from natural 
stone cause a significantly lower environmental impact in five categories – greenhouse effect (GWP), 
acidification potential (AP), eutrophication potential (EP), photochemical ozone creation potential 
(POCP) and total primary energy requirements – in terms of their production, installation and use 
than concrete paving stones and slabs as well as outdoor floor coverings involving paving bricks and 
Asphalt. This corresponds with the findings of the German Building Materials Association (BBS), 
according to which the cost of the energy consumed in processing natural stone amounts to just 
3.3% of its production value.
 

Figure 1: Total 
energy required by 
paved surfaces in 
MJ/m² assuming a 
service life of 100 
years

Total primary energy in MJ/m²

Natural stone 
setts

Natural stone 
slabs

Concrete setts Concrete slabs
Clay 

pavers
Asphalt

PERT [MJ] 113.2 109.1 211.6 436.1 353.9 230.7

% 104 100 194 400 324 211

PENRT [MJ] 358.7 396.4 937.3 1,700 3,641 4,979

% 100 111 261 474 1,015 1,388

Total [MJ] 471.9 505.5 1,149 2,136 3,995 5,210

% 100 107 243 453 847 1,104

2: IBK plaza design, 
Maria-Theresia-Straße, 

Innsbruck 
Nominated for a German 

Natural Stone Award 
(DNP) 2015

3+4: Plaza design: 
Sechsläutenplatz, Zurich 

Winner of a German 
Natural Stone Award 

(DNP) 2015
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Table 1: Compar-
ative figures for 
PENRT and PERT 
over 100 years in 
MJ/m²
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Representative environmental product declarations (EPDs) were selected for all paving covering 
products studied. They contain verified values that may be anticipated for the various environmental 
impacts. The EPD of a product group with an available EPD was selected as being representative of 
the respective paving materials covering. Missing information or undeclared modules for individual 
life-cycle phases were supplemented with appropriate assumptions. To do this, data was employed 
from comparable EPDs or available databases, such as the Ökobaudat database from the Institute of 
Construction Materials at the University of Stuttgart, in order to create this sustainability study.

In the especially important category of global warming potential (GWP) impact, the production and 
use of modular paving using natural stone setts and slabs generate significantly lower CO2 equiva-
lents than the production and use of other coverings. At 29.5 kilograms CO2 equivalent, the lowest 
manufacturing emissions are attributed to the GWP of natural stone setts.

The global warming potential (GWP) of clay pavers is with a value of approx. 253.2 kilograms CO2 
equiv. more than 8.5 times higher than for natural stone setts (see Figure 2).

Another important aspect of using natural stone is the influence of transportation. While only 2.33 
kilograms CO2 equiv. per square metre of paving are produced when using local natural stone that 
is transported 100 km by lorry, or 5.83 kilograms CO2 equiv. per sq m when transported 250 km by 
lorry, this increases to 23.32 kilograms CO2 equiv./m2 when transported within Europe (1,000 km 
by lorry) or 46.64 kilograms CO2 equiv./m2 when transported 2,000 km by lorry. Meanwhile, 61.07 
kilograms CO2 equiv. per square metre of paving are produced for natural stone from China (18,600 
km by ship, 750 km by lorry).

Figure 3: Transport-
ation emissions for 
natural stone in kg 
CO2 equiv./m²

Max Planck Institute 
for European Legal 
History, Frankfurt am 
Main, Germany 
Nominated for a 
German Natural Stone 
Award (DNP) 2015

Figure 2: Global 
warming potential 
(GWP) of the paved 
surfaces in kg CO2 

equiv./m²

Table 2: Global 
warming potential 
(GWP) of the 
paved surfaces in 
kg CO2 equiv./m² 
within 100 years

Global warming potential (GWP)

GWP
Natural stone 

setts
Natural stone 

slabs
Concrete setts Concrete slabs

Clay 
pavers

Asphalt

kg CO2 equiv. 29.5 33.1 139.2 225.9 253.2 135.3

% 100 112 472 766 859 459
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