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Abstract- Metallurgical industries produce a lot of steel slag. Their recycling allows reducing waste storage or landfilling, 
saving non renewable natural resources and promoting local economy. This paper presents the study of the environmental 
assessment of EAF slag (electric arc furnace slag) landfilling or recycling using life cycle assessment (LCA) in different 
“end of second life” scenario. In the LCA framework, the environmental assessment of recycling waste materials is taken 
into account only through waste processing. The phases of life cycle corresponding to stockpiling and use are in general 
considered to have no impact counted in LCAs. Therefore, the process of EAF slag production for recycling purposes was 
firstly investigated. Then life cycle assessment of landfilling and recycling is studied. Finally, the results for each use were 
compared to those obtained for natural sand. For the scenario “recycling”, technical characterization of the EAF slag was 
performed to verify its conformity to French standards and rules for use as road material. So, leaching tests were done, as the 
main property considered for recycling/landfilling waste materials, in France, is their potential emission of pollutants to 
water. All collected experimental data are then gathered together with generic data on sand LCA, landfilling LCA and 
transport LCA in order to compare the various impacts obtained for each step of the EAF slag life cycle and discuss the 
interest of various solutions considering both toxicity and ecotoxicity indicators. 
 
Index terms- EAF steel slag, LCA, valorization, recycling   
 
I. INTRODUCTION 
 
Metallurgical industries produce a huge quantity of 
steel slag. Their continuous increase requires 
strategies to recover and recycle these materials since 
their storage by landfilling is limited by a decreasing 
availability of space and increasing of cost disposal. 
Recently in France, significant decisions for 
sustainable development have been taken, especially 
after French Grenelle 1 and 2 laws [1;2] and the 
opportunity of reuse alternative materials locally have 
become important. The last two decades have shown 
a growing interest in the reuse of waste materials for 
road construction [3;4;5;6;7;8;9;10]. This recycling 
allows us to conserve natural resources, reduces 
waste volumes, lower material construction cost and 
reduces transport demands, while energy 
consumption has to be assessed. 
 
This paper presents a case study of the environmental 
assessment of an EAF-S (electric arc furnace slag) 
landfilling or recycling using life cycle assessment 
(LCA) in different "end of life" scenarios. Usually, 
the processes of materials production (primary 
production) are assessed by LCA practitioners and 
their production for recycling purposes (secondary 
production) is taken into account only through waste 
processing. The phases of life cycle corresponding to 
stockpiling and use are in general considered to have 
no impact counted in LCAs. Thus, in this study EAF-
S processing for recycling purposes was firstly 
investigated. Then, the results of each "end of life" 
scenario (landfilling, stockpiling and recycling in 
road) is studied. Finally, all collected experimental 
data are then gathered together with generic data on 

sand LCA, landfilling LCA and transport LCA in 
order to compare the various impacts obtained for 
each step of the EAF-S life cycle and discuss the 
interest of various solutions considering resources 
saving in addition to both toxicity and ecotoxicity 
indicators. 
 
II. METHODS AND MATERIALS 
PROPERTIES 
 
2.1 Methods 
Performing LCA as initiated by the SETAC [11] 
involves two main types of underlying objectives, 
leading to: 
 Compare products (or processes). In that case, 
chosen systems only include materials, processes and 
life cycle steps, that may induce differences between 
compared products (or processes) 
 
 Provide environmental information (for public 
and/or private organizations). Here, chosen systems 
may be much wider.  
 
According to some authors, LCA is also a diagnosis 
tool that enables to improve the global environmental 
profile of any system considered. It may be 
decomposed into successive levels that depend upon 
the authors: 1/ system description, 2/ elementary 
process, 3/ flux calculations, 4/ build the appropriate 
model, 5/ analyze and interpret the results and do the 
report. The system usually gathers all the elementary 
processes that are defined as the “smallest unit of the 
system” with inputs and outputs related to the 
industrial operation of interest [11]. 
Two scenarios are considered in this study for 
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alternative materials life cycle impacts assessment: 
landfilling (scenario 1) and recycling in road 
(scenario 2). Figure 1 indicates the scenarios of 
interest and LCIs (life cycle inventories) considered. 
The lack of data on EAF-S primary production (EAF-
S production in steel plant) conduces to not consider 
it. Thus, to be homogenous in the comparisons with 
natural sand, the primary production of natural sand 
(its extraction) is not considered. The phases 

investigated are transport and landfilling for scenario 
1 and waste processing for recycling purposes, 
stockpiling (temporary stocks), transport, use in road 
form which natural resource conservation (natural 
sand) is taken into account by deducing sand 
production and sand stockpiling impacts for scenario 
2. The distance of 30 km is considered for all 
scenarios as it is the mean distance in France for 
aggregates market. 

 

 
Figure 1. The different scenarios investigated in this study and the LCIs analyses. 

 
The calculation of impact indicators, according to a 
model explained in a previous work by Sayagh et al 
[12] is described as: 

Ind j = Σi αi j × Ci j × mi (1) 
with: Ind j, indicator associated with impact category 
j; mi, mass of inventory flow i (kg); Cij, contribution 
coefficient of inventory flow i to impact category j; 
and αij: classification coefficient (from Goedkoop, 
2001). Each indicator is expressed in specific units 
per kilograms or tons. 
The contribution coefficients selected from the 
literature and implemented for the impact 
calculations, based on Equation (1), and the chosen 
impact categories (and indicators) derived from 
classical LCA comprise all references given in [12]: 
 
 Energy consumption: the specific energy 
consumption of each equipment (named CESP, as it 
is the French acronym for Specific Production-related 
Energy Consumption); Global Warming Potential 

(GWP), from IPCC (2001), 
 Toxic and Ecotoxic Potentials (TP and EP), from 
Huijbregts et al. (2000). 
Previous works [13;14] on LCA of alternative 
materials use in various scenarios showed that release 
to water from alternative materials is the important 
flux to study. Rainwater may leach chemicals 
elements from alternative (and natural) material either 
during handling and stockpiling before recycling or 
due to infiltration through the pavement surface 
containing recycled materials.  
Therefore total content and leaching tests were 
performed on natural and alternative material (EAF-
S) to characterize water release and toxic and eco 
toxic effects.The leaching tests are done on crushed 
aggregates according to NF EN 12457-2 (24 hours) 
[15]. The test consists of extractions of the material at 
liquid on solid ratio (L/S) equal to 10 by specific 
mixing. The leachant is demineralised water and the 
particle size is inferior to 4 mm. 
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2.2 Material properties 
2.2.1 Natural sand end of first life 
The sand used is an alluvial sand coming from 
Fontainebleau (France). It presents a gap-grading 
analysis (fig. 2), according to EN 933-1 European 
standard [16], close to 0,15mm with 7.8% of fines 
(passing 63µm sieve size). Its real bulk density is 
2.65 (t/m3). 

 
Figure 2.Grading curve of natural sand 

 
Table 1.Chemical composition of quarry natural sand (La 

pente) and EAF-S (x-ray fluorescence). 

 
 
2.2.2 Natural sand end of second life 
Aggregates are produced with respect to their 
potential use. Thus they are processed to reach the 
required grading and thereby ensure marketability. As 
regards the environment and depending on the types 
of operations performed, "the end of second life" 
generates various impacts as a result of raw material 
transformation or processing, stockpiling, transport 
and use, as described in figure 1. Such impacts are 
directly correlated with electricity consumption, 
emission releases into the air and water, as well as 

waste production.  In this study, loads at stockpiling 
phase are based on water release flux. Thus, analyses 
of natural sand (table 2) were conducted to determine 
the presence of various compounds and elements with 
dangerous characteristics. This used leaching by 
lixiviation tests, according to NF EN 12457-2 (24 
hours) [15]. 

 
Table 2.Results of leaching test on natural sand, EAF-S and 
EAF-S after processing (Liquid/Solid=10) - ND means non 

determined 

 
 
2.2.2 EAF-S end of first life 
Steel slag produced by an electric arc furnace (EAF-
S). Its gap-grading analysis according to EN 933-1 
European standard [16], shows that it can be 
assimilated to a 0/1mm sand. Its humidity is 18% and 
its real bulk density is 2.5 (t/m3). 
 
Chemical characterization of EAF-S shows (table 1) 
that it is composed of 70% by weight of siliceous 
oxydes of silicium, calcium, aluminum and iron. It 
also contains metals (cupper (Cu), nickel (Ni), 
chromium (Cr), molybdenum (Mo), vanadium (V), 
zinc (Zn)...).  
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The results of leaching tests obtained for raw EAF-S 
(table 2) are over the limits fixed by French guideline 
[17] and doesn't allow this EAF-S to be classified as 
inert waste and thus used as road material.So, its 
destination "End of 2nd life" could be storing by 
landfilling or recycling if it is previously processed to 
produce new resource.  
 
2.2.3 EAF-S end of second life: recycling (scenario2) 
As a reminder, the phases considered for this scenario 
are EAF-S processing for recycling purposes, 
stockpiling (temporary stocks), transport (30km), use 
in road form which natural resource conservation 
(natural sand) is taken into account by deducing sand 
production and stockpiling impacts. For stockpiling, 
the output flux considered for EP and TP is release 
into water. For use in road, the structure simulated is 
a non covered (by bituminous material) 10-15 cm 
thick road layer of EAF-S.  
 
The calculations proposed, at this phase, take into 
account paving phase and equipment working for 
road making. In addition, to be homogenous with 
Ecoinvent data base [18] the calculation of EP and TP 
considers total content of processed EAF-S from 
which the emissions by lixiviation during stockpiling 
and processing are deducted.  
 
The analyses by leaching test of the new resource 
(processed EAF-S) were conducted by lixiviation 
tests according to NF EN 12457-2 (24 hours) is 
presented in table 2. The results show that the values 
are below the limits fixed by French guideline [16]. 
So, processed EAF-Sis considered as an inert 
material and can be used as road material (French 
order of March 15th fixing the list of admissible inert 
wastes in inert waste storage or deposits and the 
conditions of their exploitation, annex II). 
2.2.4 EAF-S end of second life: landfilling (scenario 
1) 
When EAF-S is deposited in land fill, the calculation 
of EP and TP takes into account raw EAF-S total 
content. 
 
III. LCA OF EAF-S FOR DIFFERENT 
SCENARIOS 
 
3.1 LCA of EAF-S landfilling versus recycling 
In this case, the impacts are calculated taking into 
account: 
 
 For landfilling: transport and landfilling 
 
 For recycling: EAF-S processing, stockpiling, 
unproduced natural sand and its stockpiling. Use in 
road is not considered as the road is not made for 
EAF-S use. 
 
To undergo this comparison, the time scale (long or 
short term) considered for the loadings is important. 

The impacts of landfilling are usually considered for 
short (100 years) and very long term (60,000 years) 
and those for stockpiling are necessary shorter. So, in 
order to be homogenous, short term is considered for 
landfilling 
 

Table 3. Comparisons of impacts range for landfilling and 
recycling of EAF-S (400,000 tons) 

 
GWP: global warming potential, EP: ecotoxic 
potential, TP: toxic potential. 
 
Table 3 shows the interest of EAF-S recycling, on the 
basis of the LCA study, as the values for its 
landfilling show important impacts predictions for 
ecotoxic and toxic potentials as well as energy and 
global warming potential at short term.  
3.2 LCA EAF-S recycling versus natural sand 
In this case, the impacts are calculated taking into 
account: 
 
 For EAF-S: EAF-S processing, stockpiling, 
transport, unproduced natural sand and its 
stockpiling, use in road. 
 
 For natural sand: natural sand processing, 
stockpiling, transport, use in road and EAF-S 
landfilling, as the waste is produced and not used. 
 
To undergo this comparison, the time scale (long or 
short term) considered for the loadings is short term 
as the road layer is constructed for a duration of 100 
years. 
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Table 4. Comparisons of impacts for road construction using 
EAF-S or natural sand (400,000 tons) 

 
GWP: global warming potential, EP: ecotoxic 
potential, TP: toxic potential. 
 
Table 4 shows the interest of EAF-S use in road 
construction comparing to natural sand based on 
LCA. The impacts predictions for ecotoxic and toxic 
potentials are in the same range. The energy and 
global warming potential are clearly higher.  
 
CONCLUSIONS 
 
This paper presents a case study of the environmental 
assessment of EAF-S (electric arc furnace slag) 
landfilling or recycling using life cycle assessment 
(LCA) in different "end of life" scenarios. Usually, 

the phases of life cycle corresponding to stockpiling 
and use are in general considered to have no impact 
counted in LCAs. Thus, in this study we undertake 
the evaluation of stockpiling and use phases impacts 
of a waste (EAF-S) considering that the release of 
chemicals from the waste occurs during these phases 
and could be evaluated by EP and TP indicators. 
 
The collected experimental data (leaching by 
lixiviation) are gathered together with generic data on 
sand LCA, landfilling LCA and transport LCA in 
order to compare the various impacts obtained for 
each phase of the EAF-S life cycle and discuss the 
interest of various solutions considering resources 
saving 
 
The results obtained show the interest of EAF-S 
recycling comparing to landfilling as well as EAF-S 
use in road layer comparing to natural sand use, based 
on LCA. The international literature does not give 
such kind of results in our knowledge. 
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