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In recent years reports over the effects of climate changes and global warming on 
the Earth appear regularly in the news. The building industry causes a substantial 
percentage of the entire pollutant emissions, therefore the logical consequence is 
an environmental analysis. There are no standardised and generally accepted 
methods to determine the pollutant emissions of ground engineering procedures, 
for that reason Keller developed its own method to define the emissions of their 
own procedures. 
 
With this method it is possible to assess the pollutant output of already executed 
and future sites. Additionally it enables the comparison between different soil 
improvement methods in order to find the best ecological solution for each project. 
 

 
1  INTRODUCTION  
 
 
1 INTRODUCTION 
 
In the media and in public discussion the topic 
sustainability receives increasing attention. 
Investments and social responsibility are examined 
and evaluated more and more with reference to 
their sustainability. 
 
The World’s largest CO2 emission per capita in 
2006 was the USA with 20 tons per person 
followed by Canada with 17.2 tons. Russia ranks 
third in this list just before Germany. A rough 
computation will assist to understand the 
magnitude of these values: A medium sized car 
with 30.000 km/year emits approx. 4 tons of CO2 

per year, heating and hot water for a 100 m² flat 
with a specific energy consumption of 70 kW or 
approx. 7 l oil per m² floor space and year 
develops approx. 1.3 tons of CO2. 
 
The building industry and building activity have a 
large share of the developing CO2-output, 
therefore a detailed engagement with saving 
potentials is necessary to be able to achieve the 
worldwide agreed goals of reduction of pollutant 
gases. 
 
The construction industry accounts for nearly 10 % 
of GDP in each European country, employs around 
14 million workers respectively 7,2 % employees. It 
is the biggest branch of economic activity in 
Europe. The built environment produces approx. 
one third of all greenhouse gas emissions and 
global building activity uses 50 % of all raw 
materials taken from the earth's crust.  
 

Only CEN/DC 350 (Sustainability of construction 
works) exists as obligatory format so far for the 
building industry. Beyond that there are the 
following standards and recommendations: 
 
• EMAS - (Eco-Management and Audits 

Scheme) 
 
•  EN ISO 14001 - Requirement of an 

environmental management system 
 
•  EN ISO 14044 - Life cycle assessment  
 
The European Federation of Foundation 
Contractors EFFC adopted its sustainability 
Charter in the year 2007 (EFFC 2007). 
 
In Fig. 1 the environmental DQS-certificates 
according to ISO 14001 are represented by 
sectors. Companies of the building industry are 
not specified here. The chemical industry with a 
portion of 22 % is followed by the electrical and 
the metal industry with 13 % each. 

 
In this paper the energy and material input of 
special ground engineering contractors is 
discussed in more detail. An example of an 
excavation pit shown in Fig. 2. employing 
different products of construction works such as 
bored piles, diaphragm walls, sheet pile walls, 
anchors or jet grout slabs, materials as well as 
energy is used. Depending on the product 
different parameters like steel, concrete, diesel, 
electricity or ground excavation material are more 
or less important. 

 



 
 
Figure 1:  Environmental certificates according to ISO 14001 by sector 

 
 

Energy consumption for the production of the 
building materials, their transportation to the 
building site as well as disposal of waste and 
ground excavation material has to be taken into 
account. 
 
The installation of ground improvement works and 
deep foundations is connected with energy and 
material consumption. Here materials such as 
gravel or binder have to be exploited or 
manufactured, transported and manipulated on site 
by electric- and/or diesel-powered machines.  
 
2 ENERGY AND POLLUTANT BALANCE 
 
The energy consumption and pollutant emissions 
described in section 1 can be balanced for the 
different special construction methods and/or 
products. Here cumulated energy demand as well 
as the so-called global warming potential, 
acidifaction potential and the total suspended 
particles can be determined. These main pollutant 
groups are described in more detail: 
 
 

2.1 Cumulated Energy Demand – CED 
 
According to GEMIS (2009) the Cumulated 
Energy Demand is a measured value for the 
whole demand of energy resources (primary 
energy) for supply of products or services. 
 
The primary energy is the energy which is 
available due to naturally occurring sources of 
energy, like coal, natural gas, oil, nuclear and 
renewable energy sources, like solar, wind and 
biomass. 
 
With the determination of primary energy 
consumption all direct consumption as well as 
the losses, which arise due to the production of 
the used final energy from the primary energy, is 
balanced. Included here also is the energy 
consumption for the transformation or processing 
of materials, e.g. in concrete, electricity or fuel 
and lubricants. 
 
The cumulated energy demand is calculated in 
MegaJoule (MJ) or kilowatt hours (kWh). 
 



 
 
Figure 2:  Example of an excavation pit and the required energy and material  
 
2.2 Global Warming Potential – GWP100 
 
The Global Warming Potential (or Greenhouse 
Warming Potential) indicates how much a 
predetermined quantity of a greenhouse gas 
contributes to the greenhouse effect. This potential 
is quantified relative to carbon dioxide, e.g. for 
methane (CH4) and nitrous oxide (N2O). The CO2-
equivalent results from direct energy consumption 
and the building material production. The 
greenhouse effect is calculated as sum of all 
emissions in kilogram (kg): 
Σ(Eq greenhouse potential x emission). 
 
2.3 Acidification Potential – AP 
 
With the Acidification Potential the sour potential of 
materials, e.g. SO2, NOX and NH3 is quantified; the 
key word is acid rain. This value is set in relation to 
the value of the sour potential of SO2. The SO2-
equivalent results from the combustion processes 
in industry, in power stations and households. The 
acidification (unit gram, g) is calculated as follows: 
Σ (Eq acidification potential x emission). 
 
 
 

2.4 Total Suspended Particles – TSP 
 
According to Federal Environment Agency 
Austria 
(2007) the total suspended particles include all 
airtransported particles. The so-called PM 10 and 
PM 2,5 dust particle sizes cover 50% of the 
particles with an diameter of 10 µm and 2,5 µm 
respectively. The total suspended particles are 
calculated in kilogram (kg). 
 
 
3 Evaluation of ground improvement and 
deep foundation methods 
 
In the following the environmental impact of the 
most common ground improvement and deep 
foundation methods is shown. The investigated 
methods are different kind of vibro columns, deep 
soil mixing columns as well as bored piles. All 
results are related to the length of the 
columns/piles in order to enable a comparison of 
the quite different measures on the basis of 
environmental impact per linear metre. 
 
 
 

Bored piles: 
steel, concrete, 

diesel, electricity, 
transportation, 

disposal 

Diaphragm 
walls: 

steel, concrete, 
diesel, electricity, 

transportation, 
disposal 

Sheet piles: 
steel, diesel, 
electricity, 

transportation 
Anchors: 

steel, diesel, 
electricity, 

transportation, 
disposal 

Jet grouted slab: 
cement, diesel, 

electricity, transportation, 
disposal 

Construction material 
Transportation 
Installation 
Disposal 



3.1 Primary energy consumption 
Fig. 3 indicates the primary energy consumption of 
different products for ground improvement and 
deep foundations. For the computation of primary 
energy consumption with the unit MJ per linear 
metre transportation distances for gravel, crushed 
stone and concrete from 20 to 40 km and for 
cement or steel from 100 to 200 km were  
assumed. The selection of the investigated 
measures is based on Keller’s main products. 
Additional methods like driven piles are not yet 
included, but will be considered for future studies. 
The figure clarifies that ground improvement 
measures without steel and cement, e.g. vibro 
stone columns (VSC), have the smallest primary 
energy consumption. Methods using concrete and 
steel and/or with a necessary disposal of 
excavated soil have the largest primary energy 
consumption. The consumptions are indicated in 
linear m per column or per pile. 
 
3.2 CO2-equivalents 
Fig. 4 shows the computed CO2-equivalents in kg 
per linear m for the above mentioned special 
foundation methods. The transportation distances 
are the same as described before. Comparable to 
the results of the primary energy consumption in 
section 2.1, the vibro stone column method with 
gravel possesses the smallest CO2-equivalent per 
linear m foundation element, followed by ready-
mixed mortar columns (VMC) and vibro concrete 
columns (VCC). 
 
 
 

For foundation or ground improvement elements 
using binders, the employment of Portland 
cement instead of blast furnace-cement leads to 
approx. 60 % to 70 % higher CO2 output. 
 
3.3 SO2-equivalents 
 
Fig. 5 shows the SO2-equivalents specified in 
gram SO2-equivalent per linear meter. The 
transportation distances are the same as in 
section 2.1. The SO2-equivalents show again the 
smallest output for vibro stone columns with 
gravel and/or crushed stone, followed up by 
ready-mixed vibro mortar columns with blast 
furnace-cement, vibro concrete columns with 
blast furnace-cement, ready-mixed vibro mortar 
columns with portland-cement, vibro concrete 
columns with portland-cement, CFA piles and 
deep soil mixing. The highest output per linear 
metre is calculated for bored piles. 
 
Depending on project-specific ground conditions 
and subsequent admissible loads for the 
specified methods primary energy consumption, 
CO2-equivalents and SO2-equivalents can be 
determined and represented e.g. per kN load. 
 
 
 
 
 
 
 
 

 
Figure 3: Primary energy consumption for ground improvement and/or deep foundation methods 

(VSC = vibro stone columns, VMC = vibro mortar columns, VCC = vibro concrete columns,  
  CFA = continuous flight auger piles, DSM = deep soil mixing, BP = bored piles, PC = Portland 

cement, BC = blast furnace cement) 
 

  VSC with   VSC with    VMC with    VMC with    VCC with    VCC with     CFA Ø       DSM with     CFA Ø      DSM with      BP Ø          BP Ø  
     gravel      ballast             BC              PC              BC              PC            45 cm            BC           64 cm            PC            60 cm         90 cm 



 

 
Figure 4: CO2 –equivalents for ground improvement and/or deep foundation methods  

(VSC = vibro stone columns, VMC = vibro mortar columns, VCC = vibro concrete columns,  
  CFA = continuous flight auger piles, DSM = deep soil mixing, BP = bored piles, PC = Portland 

cement, BC = blast furnace cement) 
 
 

 
Figure 5: SO2 –equivalents for ground improvement and/or deep foundation methods  

(VSC = vibro stone columns, VMC = vibro mortar columns; VCC = vibro concrete columns,  
  CFA = continuous flight auger piles, DSM = deep soil mixing, BP = bored piles, PC = Portland 

cement, BC = blast furnace cement) 
 
 
3.4 Evaluation of the results 
 
The balances for primary energy consumption as 
well as CO2 and SO2-equivalents for different 
products of specialist foundation engineering 
display that the use of blast furnace-cement with 
high slag-sand content instead of portland-cement 
primary energy savings and reduction of the above 
mentioned emissions are possible of up to 60 %.  
Furthermore the transportation energy with 30 % 
has a substantial portion of the total primary 

energy consumption. A minimization of the 
transportation distances can lead to a reduction 
of primary energy consumption. It should be 
noted that from an energy point of view recycling 
material is not more favourable than natural 
materials or crushed stone. However recycling 
material should be used in the interest of saving 
limited natural resources. 
 
 
 

  VSC with    VSC with    VMC with   VCC with    VMC with      CFA Ø     VCC with      CFA Ø      DSM with    DSM with       BP Ø          BP Ø  
     gravel         ballast            BC            BC              PC             45 cm          PC             64 cm           BC               PC            60 cm        90 cm 

  VSC with    VSC with  VMC with   VCC with    VMC with   VCC with     CFA Ø      DSM with      CFA Ø     DSM with       BP Ø          BP Ø  
     gravel        ballast          BC             BC               PC             PC           45 cm            BC            64 cm          PC             60 cm         90 cm 



 
4 CALCULATION TOOL FOR A LIFE CYCLE 
ASSESSMENT 
 
In order to analyse the total impact of a 
construction site, it is necessary to take all 
influencing parameters into account which deal 
with the site. Therefore Keller developed a tool to 
calculate the most important ecological indicators 
for ground engineering methods. These indicators 
are the GWP, AP, CED, TSP which are described 
in section 2.1 to 2.4. In addition to these four 
indicators an evaluation according to the 
Ecological scarcity method is implemented. The 
evaluation is one part of the whole ecological 
balance which is done according to EN ISO 14044. 
 
4.1 Ecological Scarcity Method 
 
According to Switzerland’s Federal Office for 
Environment (2006) the “ecological scarcity 
method” enables an impact assessment of life 
cycle inventories according to the “distance to 
target” principle. Eco-factors, expressed as 
ecopoints per unit of pollutant emission or resource 
extraction are the key parameter used by the 
method. The eco-points are calculated as a 
function of the abovementioned pollutant groups 
using certain weighting coefficients. 
 
4.2 Modular set-up 
 
For a whole life cycle assessment of one 
construction site, it is separated into different 
modules (Fig. 6). The ecological balance starts 
with the production of the raw materials, covers the 
transportation to and from the site, the machines 
used for construction and ends with the disposal of 
the waste materials. 
 
For the calculation of the environmental impact of 
the used and waste materials, the weight of the 
different materials, e.g. concrete, gravel or steel, is 
multiplied with certain pollutant coefficients. These 
coefficients are taken from software named GEMIS 
Version 4.5, which is provided by the Institute for 
Applied Ecology, Technical University Darmstadt, 
Germany. 
 
The machinery usage is considered as a function 
of the average diesel consumption for each type 
and the operating hours. If the investigated site is 
already finished, then it is also possible to use the 
actual fuel consumption for the calculation. The 
efforts for transport are considered separately for 
workers, equipment and material, both for transport 
to and from the site. Again conversion coefficients 
from GEMIS are used to calculate the 
environmental impact regarding GWP, AP, CED 
and TSP. 

 
The sum of the results of all different modules 
gives the whole toxic load of the investigated site. 
In order to enable any comparison between 
different sites with the same engineering method 
or between different methods, it is necessary to 
define certain functional units. It strongly 
depends on the site as well as on the method 
which functional unit is the most suitable. The 
software enables usage of up to 5 different 
functional units per site. Typical examples for 
useful units are: for deep foundations and ground 
improvements the total supported load in kilo 
Newton (kN). If the results are related to units like 
total number of columns or total length of pile it is 
possible to compare the results of sites where 
the same method was used. However, it is quite 
difficult to compare the ecological impact of 
bored piles to the one of vibro stone columns on 
the basis of e.g. the total number of pieces or the 
total length of columns/piles. 
 
The main benefit of the investigation of a total 
construction site is that different methods can be 
checked from the ecological point of view and so 
the most environmentally friendly method can be 
determined. To avoid the more time consuming 
comparison of each pollution indicator (GWP, 
AP, CED and TSP) the comparison can be done 
using the ecological scarcity method indicator 
which is a combination of the other indicators. 
 
 
5 EXAMPLES AND RESULTS OF 
INVESTIGATED SITES 
 
The following two examples will show the 
principle functionality of the calculation tool. In 
Fig. 7 the main menu is illustrated which controls 
both, the calculation of the toxic elements and its 
databases. All required input data is considered 
via the input sheet, including the definition of the 
functional units. After the calculation of the toxic 
elements an output in generated and the results 
can be exported to other tools, e.g. databases for 
comparisons or storage. 
 
5.1 Example: Vibro replacement site 
 
This example deals with a vibro replacement site 
in Austria having the following conditions: 
•  approx. 54.500 m columns 
•  approx. 32.000 tonne gravel 
•  130 km average transport distance 
•  4 workers plus one site manager 
•  1 vibro cat plus additional equipment 
•  construction time: approx. 10 months 
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Figure 7:  Navigation menu 
 
 
 

Table 1 shows the sum of the calculated indicators 
in their common units, like ‘kg’ for the CO2-
Equivalent of the Global Warming Potential. 
 
 

[kg] [kg] [kWh] [kg]
CO2-Equ. SO2-Equ. CED TSP

Used materials 273.219,47 1.351,32 1.286.950,19 101,74
Waste materials 0,00 0,00 0,00 0,00

Machinery 222.627,72 2.231,61 814.009,31 182,91
Transport to site 153.601,29 1.006,55 559.579,08 37,73

Transport from site 0,00 0,00 0,00 0,00
Sum 649.448,48 4.589,48 2.660.538,59 322,38

Sum of toxic elements

 
 

Table 1: Sum of toxic elements 
 
 
Table 2 gives an overview of the used 
characteristic or functional values of this site. In the 
table on the top, the type, amount and unit of the 
different indicators are defined. Below that the 
calculated results for each indicator are listed. In 
this case the total amount of columns, of column 
length, of gravel as well as the supported load was 
chosen. 
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Module: 
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machinery 

Module: 
Transport to site 
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Module: 
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Transport of used 
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machinery 

Fabrication of product 
on site 
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materials 
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machinery 

Landfilling of waste 
materials 

Place of arrival of 
staff and 

machinery 

…included in calculation …not included in calculation …included in calculation 

 

Figure 6:  Modules for calculation tool 



Characteristic values
Value-No. Ammount Unit

1 2.924,0 Pcs
2 54.485,0 m
3 32.036,0 to
4 672.520,0 kN

Value-No. 1 kg/ Pcs g/ Pcs
CO2-Equ. 222,1 kg/ Pcs 222.109,6 g/ Pcs

SO2-Equ. 1,6 kg/ Pcs 1.569,6 g/ Pcs

TSP 0,1 kg/ Pcs 110,3 g/ Pcs

CED 909,9 kWh/ Pcs 909,9 kWh/ Pcs

Value-No. 2 kg/ m g/ m
CO2-Equ. 11,9 kg/ m 11.919,8 g/ m

SO2-Equ. 0,1 kg/ m 84,2 g/ m

TSP 0,0 kg/ m 5,9 g/ m

CED 48,8 kWh/ m 48,8 kWh/ m

Value-No. 3 kg/ to g/ to
CO2-Equ. 20,3 kg/ to 20.272,5 g/ to

SO2-Equ. 0,1 kg/ to 143,3 g/ to

TSP 0,0 kg/ to 10,1 g/ to

CED 83,0 kWh/ to 83,0 kWh/ to

Value-No. 4 kg/ kN g/ kN
CO2-Equ. 1,0 kg/ kN 965,7 g/ kN

SO2-Equ. 0,0 kg/ kN 6,8 g/ kN

TSP 0,0 kg/ kN 0,5 g/ kN

CED 4,0 kWh/ kN 4,0 kWh/ kN

Total amount of columns
Total amount of column length
Total amount of gravel
Supported loads

Type

 
 

Table 2:  Overview of characteristic values 
 
 
Table 3 shows the part of the output sheet of the 
ecological scarcity method indicator in million 
ecopoints. The results are given for all modules 
separately in a table and in a pie chart. 
 
 

Module [Mio.-Pts.] [%] Diagram values [%]
Used materials 58,39 33%
Waste materials 0,00 0% Materials 33%
Machinery 79,67 45% Machinery 45%
Transport to site 38,24 22% Transportation 22%
Transport from site 0,00 0%

Sum 176,30 100%  

Materials
33%

Machinery
45%

Transportation
22%

 
Table 3: Overview of ecological scarcity 

method indicator 
 
 
5.2 Example: Jet grouting (Soilcrete®) site 
 
The second example is a site for a construction pit 
again in Austria. Soilcrete® columns were used as 
retaining structure: 
•  385 m column length 
•  188 tonne cement 
•  150 km average transport distance 
•  4 workers plus 1 site manager 
•  1 drilling rig plus additional equipment 
 
Table 4/ 5 and Fig.  8 show the main results from 
the output sheets similar to the vibro replacement 
site above. In this case the functional units are the 

total column length and the volume of the treated 
soil. 
 

[kg] [kg] [kWh] [kg]
CO2-Equ. SO2-Equ. CED TSP

Used materials 190.456,82 320,84 282.900,72 62,46
Waste materials 104.655,82 37,84 14.852,70 3,90

Machinery 20.003,01 200,51 73.138,42 16,43
Transport to site 1.309,58 8,53 4.759,01 0,42

Transport from site 3.274,31 22,52 11.954,02 1,33
Sum 319.699,54 590,24 387.604,88 84,55

Sum of toxic elements

 
Table 4: Sum of toxic elements 
 
 
Characteristic values

Value-No. Ammount Unit
1 385,0 m
2 500,0 m³
3 231,0 m²
4 0,0 -
5 0,0 -

Value-No. 1 kg/ m g/ m
CO2-Equ. 830,4 kg/ m 830.388,4 g/ m
SO2-Equ. 1,5 kg/ m 1.533,1 g/ m
TSP 0,2 kg/ m 219,6 g/ m
CED 1.006,8 kWh/ m 1.006,8 kWh/ m

Value-No. 2 kg/ m³ g/ m³
CO2-Equ. 639,4 kg/ m³ 639.399,1 g/ m³
SO2-Equ. 1,2 kg/ m³ 1.180,5 g/ m³
TSP 0,2 kg/ m³ 169,1 g/ m³
CED 775,2 kWh/ m³ 775,2 kWh/ m³

Value-No. 3 kg/ m² g/ m²
CO2-Equ. 1.384,0 kg/ m² 1.383.980,7 g/ m²
SO2-Equ. 2,6 kg/ m² 2.555,2 g/ m²
TSP 0,4 kg/ m² 366,0 g/ m²
CED 1.677,9 kWh/ m² 1.677,9 kWh/ m²

Total amount of column length
Treated soil
Area of retaining wall
-
-

Type

 

Table 5: Overview of characteristic values 
 
 

Modul [Mio.-Pts.] [%] Diagram values [%]
Used materials 20,04 57%
Waste materials 6,66 19% Materials 76%
Machinery 7,16 20% Machinery 20%
Transport to site 0,33 1% Transportation 3%
Transport from site 0,86 2%

Sum 35,04 100%  

Materials
77%

Machinery
20%

Transportation
3%

 
Figure 8: Overview of ecological scarcity 

method indicator 
 
 
5.3 Results of an exemplar foundation site 
 
In the following the results of an exemplar 
foundation site, where different methods as listed 
below are compared. The site is 200 m times 100 
m large and is loaded with 50kN/m² spread load. 
The soil conditions were chosen in order to enable 
the application of all of the following methods: 
 
•  Vibro replacement columns 
•  Vibro concrete columns 
•  Vibro mortar columns 
•  Driven micropiles 
•  Bored micropiles 
•  Bored piles 
•  Jet grouting (Soilcrete®) 



For each of the different methods a standard 
design based on common loads per column or pile 
was developed. Fig. 9 shows the ecological 
scarcity method indicator in 1000 ecopoints per Kn 
of the supported load. All methods using cement, 
concrete and/or steel, the module ‘Used materials’ 
has the biggest influence on this indicator. Other 
than vibro replacement columns where the 
equipment has a higher influence than the 
materials. 
 
Due to the large dimensions of the site the 
influence of transport is not that significant. (for 
small sites this can be completely different). 
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Figure 9: Comparison of different methods 

without additional work 
 
 
On first impression the bored piles show the lowest 
amount of ecopoints per kN supported load. This is 
due to the comparatively high load per pile. 
However, to take into account the construction in 
total, it is necessary also to consider the required 
concrete works above the top of the columns or 
piles. Due to the different grid the required stiffness 
of the foundation slab is very different too. The 
large grid of the bored piles and the soilcrete®-
columns require concrete beams for load 
distribution. Other than the vibro replacement 
columns additional reinforcement for the concrete 

slab is required. Therefore this additional effort is 
added to the calculation. The results of this 
updated calculation are shown in Fig. 10. 
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Figure 10: Comparison of different methods 

including additional work for 
shallow foundation 

 
 
Because of the high pollutant influence of concrete 
and steel for reinforcement, the additional works 
for the shallow foundation can significantly 
influence the results. So in order to be able to 
compare the different methods, it is important to 
take all parts of the construction process into 
account and these depend on the type of 
foundation. 
 
To show the influence of the concreting works for 
the foundation slab, a third calculation run was 
done for all methods. Now the whole structure up 
to the top of the foundation slab was considered 
(see Fig. 11). It can be seen clearly that the 
influence of the concrete slab including 
reinforcement is higher than for all other parts of 
the foundation. 
 
 
 
 



Umweltbelastungspunkte - UBP 2006 (Ö)
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Figure 11: Comparison of different methods 

including the whole foundation 
slab 

 
 
6 CONCLUSION 
 
By means of a new calculation tool, the 
environmental impact of deep foundations as well 
as ground improvement methods can be 
investigated.  A software programme enables the 
recalculation of past construction sites and the 
estimation of the pollution of future sites. Therefore 
the influence of different methods can be checked 
and the most environmental friendly method can 
be determined. The comparison is done based on 
functional units which have to be defined 
depending on the site conditions. 
 
The results of this life cycle assessment give an 
impression about the main influencing parameters, 
whether the equipment, the materials or the 
transport has the largest impact. 
 
To compare processes in an equitable manner, it is 
vital that appropriate parts of the construction 
process are allowed for and that accepted 
conversion co-efficients are properly applied. 
 

The comparison based on the evaluation per linear 
meter of column or pile which was derived e.g. by 
Humburg (2008) shows a large influence of the 
foundation method. However, taking into account 
also the influence of the concreting works for the 
foundation slab, the difference between different 
foundation methods is not as large as firstly 
expected. It is the main consequence of this result 
that it is not enough just to evaluate the impact of 
the columns or pile separately, but to include all 
works up to the top of the foundation slab.  
 
Some clear correlations can be derived from the 
analysed sites. Concrete and steel has a very high 
environmental impact, so any reduction of the 
required amount of these materials improves the 
total result. In general, an efficient application of all 
materials which means an optimised design, leads 
not only to economy but also to a comparably low 
environmental impact. 
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