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INTRODUCTION
Last decades have been characterized by growing attention on sustainable development. The
European Commission interest in this topic is evident considering the global agreements and the
related massive investments that have been, and still are, carried out to guarantee a sustainable
approach to global growth. A contribution to pursue this challenging goal is provided by the EUfunded ReSHEALience Project (GA n° 760824). ReSHEALience Project aims at developing
Ultra High Performance Fibre Reinforced Concretes with enhanced durability (Ultra High
Durability Concrete – UHDC) that will be characterized by at least 30% longer service life as
compared to traditional concretes. The increase of durability will be analyzed also from a
sustainability point of view taking into account all the environmental, economic and social
impacts, associated to the longer life-cycle of the structures.
In this paper, comparative environmental analyses of traditional and innovative solutions for
infrastructures exposed to extremely aggressive environments are presented.
In detail, the first analyzed case study deals with off-shore aquaculture rafts exposed to marine
environments (XS); whilst the second case study concerns basins for collection of cooling tower
water in geothermal power plants, exposed to chemical attack (XA). The analyzed off-shore
aquaculture rafts are located in Spain and used for farming mussels or other mollusks, supporting
70tons of weight. Traditionally these rafts are made of wooden primary and secondary beams,
connected with steel nails. Wooden beams can last up to 15 years and are subjected to
continuous maintenance, such as paint protection or beams replacement. Moreover, bolt
(re)screwing and inspections are often needed. The proposed innovative aquaculture raft solution
is made of primary and secondary beams in Ultra-High Durability Concrete (UHDC), connected
with nails. The mix design for 1m3 of innovative solution concrete includes 800kg of cement,
1062 kg of siliceous sand, 175kg of silica fume, 30kg of superplasticizer, 160kg of steel fibers as
reinforcement and 0.8% of cement weight of crystalline self-healing stimulatin admixture
(Penetron ADMIX®); w/c ratio is equal to 0,2. UHDC beams do not need maintenance during all

their life, which has been assumed at least equal to 50 years. The analyzed cooling tower water
basin is located in Chiusdino, Italy, close to a geothermal plant. Traditional solutions are made of
conventional concrete, with Ordinary Portland Cement (OPC). Due to chemical attack,
traditional basins, whose walls can be as thick as 400 mm, can last up to 20 years; moreover,
they need maintenance about every 5 years, mainly due to concrete and waterproof coatings
degradation. Two alternative solutions for innovative water basins are herein considered, as a
preliminary design, having different geometry: INN1, with 300 mm walls; INN2 with 200 mm
walls and buttresses. Innovative water basins are made of Ultra High Durability Concrete
(UHDC): the mix design of 1m3 of INN1 concrete includes: 600 kg of Portland Cement, 982 kg
of sand, 33 l of superplasticizer, 500 kg of slag, 120kg of steel fibers as the sole reinforcement,
and 0.8% of cement weight of crystalline self-healing stimulator Penetron ADMIX®, and a w/c
ratio equal to 0,33; the mix design of 1 m3 of INN2 concrete is similar to INN1, but also includes
0.25% of cement weight of alumina nanofibers for enhanced durability (10% dispersion of
NAFEN®). Innovative water basins can last 50 years; moreover, they require less maintenance
activities.
For both case studies, a reference unit, the so-called “Functional Unit (FU)”, is set, together with
the life-cycle phases of traditional and innovative structures to be compared, in order to assure
the functional equivalence between the analyzed solutions. Environmental impacts of the
alternative solutions of the analyzed case studies are compared according to Life-Cycle
Assessment (LCA) standards (ISO 14040:2006 [1] and 14044:2006 [2]) and performed with the
European EPD 2013 (Environmental Product Declaration) method [3] for Life Cycle Impact
Assessment (LCIA). Results are reported in percentage terms in order to show the comparison
between the impacts of alternative solutions.
LIFE CYCLE ASSESSMENT STUDY AND RESULTS
According to LCA standards, the FU and the System Boundary of infrastructures to be compared
are defined. System Boundary is set according to the EN 15804 [4], as reported in Figure 1.

Figure 1. Life Cycle stages for construction products – EN 15804 [4]
Then, the data collection of all inputs and outputs related to each stage of the infrastructures life
cycle is performed in order to realize the Inventory that is necessary for LCIA. This has been
performing using the SimaPro 9.0 [5] software. Comparative environmental results are then
provided in terms of the following environmental categories: Acidification; Eutrophication;
Global warming; Photochemical oxidation; Ozone layer depletion; Abiotic depletion; Abiotic
depletion, fossil fuels.
In the following, the comparative LCA study and related results are provided for the off-shore
aquaculture rafts and the cooling tower water basins.

Off-shore aquaculture raft
A comparison between a traditional and an innovative off-shore aquaculture raft is here
performed. The FU is “the whole mussel raft, used for the production of 70t of mussels in marine
environment”. The System Boundary includes the following phases according to EN 15804:
- production (modules A1-A2-A3), transport from the manufacturing to the building site (A4)
and raft installation (A5);
- maintenance operation considering a lifetime of 50 years (B2). It should be noticed that the lifetime of a
wooden raft is 15 years, while the lifetime of a UHDC raft has been set to 50 years. In order to compare both solutions, a
lifetime of 50 years is considered; this means that for the wooden raft, maintenance operations until 50 years have been
considered

- deconstruction of the raft (C1), transport of the raft to the landfill site or the recycling plant
(module C2), waste processing of steel components (C3) as well as reuse of the wooden
components of raft (Module D).
Moreover, two maintenance options are considered for the traditional raft: Option 1, in which the
substitution of primary and secondary beams and relative connections is made with manual
operations (every year approximately 4 t of wood are substituted); Option 2, in which protective paint is
applied (paint is applied each year during the first 3 years, later it is not painted until year 6, when it is painted again every
year until the end of its lifetime).

Figure 2a shows that the highest environmental impacts are caused by the traditional raft when
paint protection is choosen as a maintenance option. For 4 out of 7 impact categories
(Acidification, Global Warming, Ozone Layer Depletion and Abiotic Depletion, fossil), the
traditional raft, in case logs replacement is choosen as maintenance, provides the lowest impacts;
for 3 out of 7 impact categories (Eutrophication, Photochemical Oxidation and Abiotic
Depletion), the innovative raft provides the lowest impacts. Considering Option 2 maintenance,
environmental impact reduction of innovative solution varies from 28% in case of Ozone Layer
Depletion to 87% in case of Acidification.
Cooling Tower Water Basin
A comparison between a traditional and two innovative concrete cooling tower water basins is
here performed. The FU is “whole water collection basin of the cooling tower, designed for
containing the same amount of water flow”. The System Boundary includes the following phases
according to EN 15804:
- production (modules A1-A2-A3), and construction of the (A4-A5) considering that the
elements may be precast on site (the only kind of transport considered is transport of raw
material to construction site);
- repair of basin components, considering a lifetime of 50 years (B3);
- demolition of the basins (C1), transport of the materials to the landfill site or the recycling
plant (module C2), concrete waste processing (C3), disposal of basin components (C4) as well
as recycling of the basin concrete (D).
Figure 2b shows that the highest environmental impacts are caused by the traditional water basin.
Environmental impacts of INN1 and INN2 are very similar, leading to an environmental
reduction varying from 11% in case of Eutrophication, to 71% in case of Abiotic Depletion.
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Figure 2. a) Comparative LCA of the Off-shore aquaculture raft; b) Comparative LCA of the
Cooling tower water basin
CONCLUSIONS
The paper focuses on the assessment of environmental impacts related to the life cycle of
infrastructures exposed to extremely aggressive environments. The LCA study performed
between traditional and innovative solutions (the latter realized with Ultra High Durability
Concrete materials conceived and tested in the framework of the activities of the H2020
ReSHEALience project) highlights the better performances of the latter in environmental terms.
In particular, when comparing traditional and innovative concrete solutions (Cooling tower water
basins), the innovative UHDC ones always show a whole better environmental performance;
whilst the comparison of wooden solutions with UHDC ones (Off-shore aquaculture rafts)
highlights the good performance of the innovative concrete mainly due to its increased durability
and thus longer lifetime. Future develoments will include the addition of economic and social
performances for sustainability assessment.
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