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1 
General

Cluster 2 of the ECO-Serve Network deals with the production and application of blended cements, i. e., cements with a reduced clinker content.

The cement production process is intensive in energy as well as raw material demand. Further technical improvements to lower the environmental impact of the clinker production   in the European cement industry are very limited. Remaining potential to reduce environmental impacts is provided by the reduction of the clinker content in cement (blended cements). Besides clinker granulated blastfurnace slag, fly ashes from power plants, natural and industrial pozzolanas or limestone can be used as main constituents for the production of blended cements. This results in lower emission and lower energy consumption of the cement manufacturing process. This reduction is obvious, because less clinker from the energy-intensive process is needed to produce such blended cements.

As an example, figure 1 shows the specific energy consumption to produce one kg of blended cements with various slag contents. The thermal energy demand decreases almost linearly with increasing slag content. However, the electrical energy demand remains nearly unchanged, because the grindability of slag is  usually higher as compared to clinker.
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	Figure 1:
Thermal and electrical energy demand for cement production (German situation)


Much experience in the production of blended cements exist. However, today the new European cement standard EN 197-1 allows even more different types of these cements to be produced than before. These are all so-called “Common Cements”. The use of some of these cements in concrete is currently restricted in some of the European countries depending on climatic or environmental conditions. In addition some of these cements may not be produced at all. The use of blended cements as suitable binders for concrete is therefore to be validated at a European level. This would create the possibility to broaden the application rules on blended cements and thereby to lower CO2-emissions.

Therefore within the network cluster 2 tries to answer the following questions:

To what extend are there differences concerning

· Composition and used amount of blended cements in Europe,

· Existing national application rules for blended cements,

· Experience with blended cements - examples of applications.

· Nature and quality of main constituents besides clinker for the production of blended cements in Europe.

... and where do they come from ?

The expected outcome of the activities in cluster 2 is a European-wide exchange of knowledge on

· the properties,

· the capability,

· the availability and

· the application

of blended cements with the objective of a broader application of blended cements in Europe.

Further enquiry or evaluation of environmental data with regard to the production and application of blended cements is not included in the workplan of cluster 2.

Nevertheless the effects of the use of blended cements on the environmental profiles of different functional units (= use of blended cements in different concrete products / elements / application) can be an interesting additional information besides the technical aspects of the cluster work. Therefore the possibilities of the EcoConcrete LCA tool might be beneficial for the work of cluster 2 as well.

2 The EcoConcrete LCA Tool

2.1 General

The EcoConcrete LCA tool was presented by Mr. Noel Naert of FEBELCEM.

EcoConcrete is a tailor-made educational tool. The goal of the tool is to perform LCA-calculations for a fixed range of products and degrees of freedom. The target audience is the European concrete industry associated in the Joint Project Group (JPG). The life cycle is modelled for 10 functional units.

All parameters within these life cycles can be regarded as assumptions or choices, and can be altered manually. For example concrete composition (e. g. cement content) can be varied to some extent. It has to be emphasized, that this variation may not lead to an inadmissible change of the product properties with regard to the considered functional unit.

The following functional units were under study 
:

1. One representative m2 of pavement (Anticipated service live: 40 years),

2. One representative m2 masonry part of an exterior load bearing wall in typical national dwellings (Anticipated service live: 50 years),

3. One representative m2 of solid wall out of wall of common measures, applicable as exterior and interior wall (Anticipated service live: 50 years),

4. One representative m of column for a typical national office building (functioning for 50 years),

5. One representative m2 of separation floor in a typical national one familiy dwelling (Anticipated service live: 50 years),

6. One representative m of continuous beam for the bearing system of an office building; exposure class XC1 (Anticipated service live: 50 years),

7. One representative m2 flat slab as part of an office building park deck; exposure class XC1 (Anticipated service live: 50 years),

8. One representative m2 standard pavement for a motorway construction; exposure class XF4 (Anticipated service live: 40 years),

9. A typical 15 m long foundation pile for a town centre office block; exposure class XA2 (Anticipated service live: 50 years)

10. One representative m3 of bridge pylon supporting a high-speed railway deck; exposure class XC2 (Anticipated service live: 100 years),

For every process in the life cycle of these concrete functions, data on environmental inputs and outputs were collected:

	- Inputs:
	Raw materials (resources); energy

	- Outputs:
	Emissions to air, water and soil; solid waste


Inputs and outputs such as land use and noise are not included, since internationally accepted LCIA methods for the subsequent environmental effects (e. g. ecosystem deterioration) are not operational yet.

The following three impact assessment methods were chosen:

· Dutch LCA-2 method developed by CML;

· Danish EDIP method;

· Dutch Eco-indicator 99 method.

The first two methods result in an environmental profile of a functional unit, the last one in an environmental score. The conclusions from the LCAs in the EcoConcrete project focus on CML-results.

2.2 Cement

CEMBUREAU was responsible for collecting data of cement production. Several CEMBUREAU members all over Europe participated in the project. They were selected by technology coverage.

Data collected are related to cement types/classes CEM I 52,5, CEM II/A-L 32,5 R and CEM III/A 42,5. Further variation of cement data or cement type is not provided.

The life cycle stage considered for cement was “cradle to gate”. The cradle is represented by the raw material quarry and the gate by the valves of the cement silos, from which the final product is loaded for dispatch to the concrete plant.

All data were expressed in relation to 1 metric tonne of bulk cement.

The collected data were considered representative for the European cement production of CEM I 52,5, CEM II/A-L 32,5 R and CEM III/A 42,5. These data are suitable for incorporation in the European LCA database of concrete. In case of other cement types/classes, the CEM I 52,5 data can be used in the case of CEM I 42,5 R and CEM I 52,5 R; CEM II/A-L 32,5 R can be used in case of CEM II 32,5 and 42,5.

The data collection is considered representative for Europe, but data are not representative at a national level for all countries.

3 Application of blended cements

As described in chapter 1 one of the results of cluster 2 will be the comparison of application rules for blended cements. Within the last reporting period, partners of cluster 2 started the allocation and evaluation of application rules for blended cements in Europe. This review considers, as far as possible, the state of the implementation of European concrete standard EN 206-1 into national regulations including national application rules (NAR) additional to EN 206-1. With the third periodic report of cluster 2 (draft version 14.06.2004) a first attempt of a comparison for the exposure classes XC4 and XF4 – taking into account the regulations of

· EN 206-1 and the NARs of

· Austria,

· Denmark,

· Germany,

· Great Britain and

· Switzerland.

has been made.

Some of the results of the comparison are presented in tables A1 - A2. Besides information on the cements, that can be used for concrete in the respective exposure class, tables contain information on the minimum cement content and the minimum clinker content, which will be achieved by using the particular cement with the lowest clinker content possible in the exposure class and the minimum cement content.

It has to be emphasized, that data in tables A1 - A2 has to be regarded as a first draft and has to be reviewed and verified during further evaluation.

The clinker content is a rough but applicable estimation concerning its correlation to energy and CO2. Although the use of non-clinker main constituents requires also some additional energy, the total energy consumption remains smaller. CO2 emissions are reduced in a similar way.

For similar comparisons with regard to environmental impact categories like “Greenhouse effect”, “Acidification” or “Eutrophication” the EcoConcrete LCA tool might be applicable with the limitations described in chapter 2. In doing so, most accuracy has to be taken with regard to the comparability of the functional unit.

4 Conclusions

· Enquiry, evaluation and assessment of environmental data with regard to the production and application of blended cements is not included in the workplan of cluster 2.

· The effects of the use of blended cements on the environmental profiles of different functional units (= use of blended cements in different concrete products / elements / application) is the motivation for the work of cluster 2 and therefore can be an interesting additional information besides the technical aspects of the cluster work. 

· The possibilities of the EcoConcrete LCA tool might be beneficial for the work of cluster 2.

· Data collected in the EcoConcrete LCA tool are related to cement types/classes CEM I 52,5, CEM II/A-L 32,5 R and CEM III/A 42,5. Further variation of cement data or cement type is not provided. The data collection is considered representative for Europe, but data are not representative at a national level for all countries.

· To some extent, the 10 predefined functional units of EcoConcrete may be modified with regard to national application rules for blended cements especially in terms of the cement content. This has to be examined. In doing so, most accuracy has to be taken with regard to the comparability of the functional units.

· The possibilities of the EcoConcrete LCA tool for the work of cluster 2 has to be examined more thoroughly in internal cluster work. The further procedure will be harmonised with the JPG.

Table A1:
Application rules for blended cements – Example 1: Exposure class XC4 – First draft - has to be reviewed and verified during further evaluation.

	Country
	min c
	min cf
	Applicable cements acc. to EN 197-1
	min clinker content

	
	kg/m3
	
	with cement
	kg/m3

	1
	2
	3
	4
	5
	6

	EN 206-1
	300
	280/2601) 2)
	CEM I
	CEM I
	260 x 0,95 = 247

	Austria
	300
	-
	CEM I, CEM II/A-D, CEM II-S, CEM II-V, CEM II/A-W, CEM II/A-L, (CEM II/B-L, CEM II/B-M, CEM III/A, CEM III/B) 4)
	CEM III/B 4)
	320 x 0,20 = 64

	
	-
	280/2601)
260 7)
	CEM I, CEM II/A-D, CEM II-S, CEM II-V, CEM II/A-W, CEM II/A-L, (CEM II/B-L, CEM II/B-M) 4)
	CEM II/B
	260 x 0,75 = 195

	Denmark
	150
	150
	CEM I, CEM II/A-V, CEM II/B-V, CEM II/ALL, CEM II/A-L
	CEM II/B-V
	150 x 0,65 = 97,5

	Germany
	280
	-
	CEM I, CEM II/A-D, CEM II-S,
CEM II-P/Q, CEM II-V, CEM II-T, CEM II/ALL, CEM II/A-L,
CEM II/A-M (S-D, S-T, S-LL, D-T, D-LL, T-LL, S-P, S-V, D-P, D-V, P-V, P-T, P-LL, V-T, V-LL),
CEM II/B-M (S-D, S-T, D-T, S-P, D-P, P-T, S-V, D-V, P-V, V-T)
CEM III/A, CEM III/B,
CEM IV/B-P, CEM V (S-P)
	CEM III/B
	280 x 0,20 = 54

	
	-
	270
	CEM I, CEM II/A-D, CEM II-S,
CEM II/A-P, CEM II/A-V, CEM II-T, CEM II/ALL,
CEM II/A-M (S-D, S-T, S-LL, D-T, D-LL, T-LL, S-P, S-V, D-P, D-V, P-V, P-T, P-LL, V-T, V-LL),
CEM II/B-M (S-D, S-T, D-T)
CEM III/A, CEM III/B 3),
	CEM III/B 3)
	270 x 0,30 = 81


Table A2:
Application rules for blended cements – Example 1: Exposure class XC4 – Continuation – First draft - has to be reviewed and verified during further evaluation.

	Country
	min c
	min cf
	Applicable cements acc. to EN 197-1
	min clinker content

	
	kg/m3
	
	with cement
	kg/m3

	1
	2
	3
	4
	5
	6

	UK
	260 - 360
	6)
	CEM I, CEM II/A-D, CEM II-S,
CEM II-Q, CEM II-V, CEM II/A-LL, CEM II/A-L,
CEM III/A, CEM III/B,
	CEM III/B
CIIIB 5)
	(260-360) x 0,20
= (52-72)

	Swiss
	300
	260 1)
	CEM I,
CEM II/A-S, CEM II/A-LL, CEM II/A-D, CEM II/B-LL 4)
CEM II/A-M (D-LL),
CEM III/A, CEM III/B,
	CEM III/B
	300 x 0,20 = 60

	min c
= minimum cement content

	min cf 
= minimum cement content with the use of type II additions

	1):
Use of fly ash only with CEM I

	2):
min cf  dependent on strength class of CEM I

	3):
fly ash; k = 0,40 allowed with CEM III/B with 70 % GGBS

	4):
min c + 20 kg/m3

	5):
Compositions acc. to cements listed in column 4 (without CEM II/A-D) can also be achieved using CEM I, slag, fly ash and limestone fines separately (= combination in concrete)

	6):
Where the k-value concept is used, the starting point for limiting values shall be those specified in the specification for a CEM I cement concrete.

	7):
with fly ash with activity index of 85 % after 90d


�








� For all functional units further technical requirements / specifications have to be considered.�The performance requirements were described as far as available. For some functional units, national situations were studied. Performance requirements were not available for all performances in all countries. Furthermore, some performances can only be assessed for a complete building or construction and could thus not be specified in EcoConcrete. It is remarked that if the LCA of a concrete product is used for comparative assertions, whoever compares is responsible for checking functional comparability for his own situation. The user must be aware that perfomance requirements may differ among countries.


� This comparison has to be taken into acount, that the exposure classes to be selected depend on the provisions valid in the place of use of the concrete (EN 206-1, 4.1). That means, the definition of an exposure class and the examples for this exposure class might be different in different countries. This has to be checked in detail for every exposure class and has not been finished yet.
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