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Abstract 

In The Netherlands there is an intense discussion on the environmental impact of the built 
environment. The main focus of this discussion is aimed towards CO2 reduction and re-use. 
The Dutch Building Act requires documents on the environmental performance (CO2 footprint 
and depletion of raw materials) to get a building permit for all buildings with a net available 
surface of 100 m2 or more. Concrete clearly plays an important role in construction and 
therefore it is important to have a calculation tool to calculate the full environmental effects 
from cradle-to-grave. In 2014 such a tool became available (the so-called SBRCUR tool). 
This tool uses verified data from several sources and the Dutch National Environmental LCA 
Database to calculate 11 environmental LCA-aspects, amongst them CO2 or global warming. 
Another calculated parameter is MKI – translated in English the so-called Environmental 
Costs Indicator (ECI). The ECI (€/m3, €/project) gives the theoretical fictional costs to 
compensate all environmental effects based on present knowledge and assumptions. In this 
paper the SBRCUR tool is used to show the difference in environmental effects for two 
common building techniques based on ready mixed concrete for residential housing. The 
calculations show significant differences in CO2 footprint and ECI between the two building 
concepts. 
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1. INTRODUCTION 
Concrete mixes are usually designed based on known calculations. Often the well-known 

Abrams formula is used for that. In that formula, the concrete compressive strength is a 
function of the water-cement ratio, the standard compressive strength of the cement and some 
constants. Eventually, we will arrive at a composition on the basis of a mix design calculation 
that meets the required performance, such as strength class, the exposure class, and 
workability. In The Netherlands, in addition to these performance standards, there is an 
increased attention for the impact that concrete has on environmental aspects. The most 
important factor is the so-called CO2 equivalent footprint. CO2, or carbon dioxide, caused by 
human activity is partly responsible for a further global warming due to the greenhouse effect. 
The use of concrete plays a significant role in that. Moreover, the cement in concrete is 
globally responsible for about 5% of the CO2 produced by human activities [1,2]. In the 
Netherlands this is considerably less as a result of the use of low clinker cements (CEM II, 
CEM III, CEM V) and the use of non-fossil fuels for the production of clinker (biomass).The 
contribution of cement to the greenhouse effect in the Netherlands is approximately 1%. The 
average CO2-equivalent of the Dutch cement producers is 450 kg CO2/t. The Netherlands is in 
this case, without any doubt, a frontrunner. 

But we are not only dealing with CO2. There are more environmental aspects to be 
considered for the application of concrete. This does not apply for concrete alone, but for all 
building materials. This is based on EN 15804. This EN 15804 refers to a LCA methodology 
to identify all environmental impacts of a product or process unit (m3, t). This standard 
provides 24 environmental aspects. The Dutch standard (NEN-EN 15804: 2012) uses “only” 
11. The LCA per unit is called MRPI (Milieu Relevante Product Informatie; environmentally 
relevant product information) or EPD (Environmental Product Declaration). The MRPI does 
not use 24 environmental aspects but uses the 11 most important (table 1): 

 
Table 1: 11 environmental aspects used in The Netherlands 

Environmental effect Equivalent unit Fictional price (€/kg Eq. 
unit) 

Abiotic depletion, minerals Sb eq 0.16 
Abiotic depletion, raw materials Sb eq 0.16 
Greenhouse effect (CO2) CO2 eq 0.05 
Stratospheric ozone depletion CFK-11 eq 30 
Acidification SO2 eq 4 
Eutrophication PO4 eq 9 
Human toxicity 1,4-DCB eq 0.09 
Eco toxicity, aquatic, water 1,4-DCB eq 0.03 
Eco toxicity, marine water 1,4-DCB eq 0.0001 
Eco toxicity, terrestrial 1,4-DCB eq 0.06 

 
Many of these environmental aspects are fairly complex and are expressed in units that can 

only be understood by experts in this field. Also, the calculations are complex. Moreover, 
there is not always sufficiently reliable information available to carry out reliable calculations. 
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2. LCA TOOL 
Recently a solution is available in The Netherlands. SGS Intron BV was commissioned by 

SBRCURnet to develop and design an Excel based tool for “Green Concrete”. With this tool 
it is possible to calculate the environmental aspects of concrete mixes and further processing 
on a relatively simple manner. This tool takes into account: the amount of raw materials used, 
transportation to the factory, production, transportation of ready mixed concrete or 
prefabricated elements to the construction site, the construction phase and the demolition 
phase. The data used by the tool comes from several public databases like: the Dutch Cement 
and Concrete Centre, the Dutch national environmental database, validated MRPI certificates 
and the international Ecoinvent database. The result of a calculation is a table that displays 
the 11 environmental aspects, completed with a graphic representation.  

To compare several alternatives the tool introduces a new expression, the environmental 
costs indicator (ECI). In this ECI all the aforementioned environmental aspects, including 
CO2, are 'capitalized'. Each environmental aspect represents a fictional unit amount of 
environmental impact that can be calculated in Euros. If we add all individual environmental 
aspects in Euros we get an environmental profile consisting of one single amount of money 
(Euros). This represent the amount of money that would be required to actually compensate 
these environmental aspects (see Table 1). The higher the amount, the more damaging the 
product in terms of environment. In the example in this paper, version 3.2 was used for 
calculations. 

 
2.1 Example: residential concrete building system, with and without external 
heating 

To demonstrate the possibilities of this tool an example using in situ concrete for a 
residential concrete building system, with and without external heating is considered. The 
technique involves a one day cycle for erecting formwork, placing reinforcement and 
electricity pipes, casting and remove formwork. To make this possible the concrete must 
have a compressive strength of at least 14 MPa after 16 hours. This is achieved by either 
using a concrete with predominantly CEM III/B and external gas heaters (warm technique) or 
using a concrete with predominantly a CEM I cement (cold technique). 

  

 
Figure 1: site for building residential houses with heating facilities (source: VOBN) 
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The following example of the cold and warm technique is based on a situation with an 

average 24h temperature of 9⁰C. The mix compositions used in the calculation with the LCA 
tool are shown in Table 2. 
 
Table 2: mix compositions in kg/ m3 

 Warm technique Cold technique 
CEM III 250  
CEM I 75 380 
Sand (river) 802 750 
Gravel (river) 1053 1033 
Water 164 178 
Superplasticizer  0,52 1,52 

 
The tool also needs information relating to the circumstances of the production and the 

application on the construction site. This, of course, can be endlessly varied, but for this 
example the following parameters were used: 
 

• For the transport of the raw materials from the extraction site to the production plant, 
default values were used. These are national averages that are included in the database 
of the tool.  

• Transport distance of 20 km with an average truck mixer (single trip). 
• Gas consumption RMC plant: 0.25 m3/ m3 
• Electricity use concrete plant: 3.9 kWh/ m3 (green power) 
• Diesel consumption internal transport: 0.2 l/ m3 (bobcats) 
• Gas heaters in case of the warm technique (propane gas) 

 
The results of the LCA calculation are presented in table 3, figure 2 and 3. 

 
Table 3: CO2 (kg/ m3) en ECI (€/m3) for mixes in Table 1 

 Warm technique Cold technique 
Raw materials 139 315 
Transport raw material 26,5 30,2 
Production concrete 3,4 3,4 
Transport concrete 4,5 4,5 
Building site (propane gas) 27,1 0,0 
Demolition phase 5,5 5,5 
Total CO2 206 359 
ECI € 17,69 € 28,94 
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Figure 2: CO2 (kg/m3)     
 

 

Figure 3: ECI (€/m3) 

3. DISCUSSION 

3.1 Influence of raw materials 
The difference is obvious: the warm technique scored significantly better in terms of CO2 

footprint and ECI. So the warm technique is the most environmental friendly alternative. This 
is to a large extent caused by the fact that predominantly a low clinker cement is used, in this 
case a CEM III. It should be noted that this can be further improved by using 100% CEM III. 
This is possible if the average day temperature rises (> 12ºC). On the other hand, the LCA 
tool uses an average value for CEM III in the Netherlands. Calculating with the actual 
environmental values for CEM III/B cements with a slag content of 70% makes an even more 
realistic and favorable image.  

All separate contributions to the CO2 footprint are shown in figures 4 and 5. It can be seen 
that there are two other major components that determine the CO2 footprint. The heating of 
concrete on the building site in the case of warm-forming and the transportation of the raw 
materials. 
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Figure 4: separate contributions for warm technique (kg CO2/m3) 

 
 

 
Figure 5: separate contributions for cold technique (kg CO2/m3) 

 
3.2 Influence of heat addition (warm technique) 

The CO2 for heating concrete in the formwork is derived from the combustion of propane 
gas. Depending on the ambient temperature, this value may be higher or lower. The aim is, 
after all, to be able to remove the formwork after 16 hours at a compressive strength of 14 
MPa. CO2 emissions can also be reduced by simply waiting longer to remove the formwork. 
In most cases there is no time for that in a tight construction schedule. This is, of course, 
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taken into account for the weekend. There is more time to reach the strength of 14 MPa. Mix 
compositions, and heating conditions are adjusted in this case. A 'slow concrete' is good 
enough in this case. The most sustainable concrete is always poured on a Friday. 
 
3.3 Influence of transport 

A third important contribution to the CO2 footprint is the transport of raw materials. In the 
Netherlands this is predominantly by ship. As previously stated the calculation was made 
with default distances. These distances are from a national database of SKB and are averages 
for the Dutch market. It could very well be that, when a concrete plant is located near a 
cement plant or a sand/gravel extraction site, significantly lower values are found. For this 
factor you can find big differences, but it does show that is it worth  to maximize the use of 
locally sourced materials. 

4. CONCLUSION 
There is more to calculate with concrete, than we are used to in daily life. Concrete 

producers will increasingly be held accountable for the environmental aspects of concrete in 
BREEAM or LEED certification systems. With the LCA tool use it is quite easy to calculate 
complex environmental issues in a simple way and make it visible. The example of a warm 
and cold technique for residential concrete building is just one example of many cases that 
could have been worked out. It invites us to work out further questions to compare mix 
design and working methods. What is the effect of recycled concrete? What is the effect of 
concrete with fly-ashes? What is the effect of ready mixed concrete compared to 
prefabricated concrete? The challenge is there! 
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