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Abstract

The subject of this work is the LCA analysis on a school building sited in Salerno (Italy). The aim
is to verify the environmental convenience of its retrofit compared to a non-intervention scenario,
considering "from cradle to grave™ all the inputs and the outputs due to energy consumption in the
use phase and new materials. Life Cycle Assessment methodology, used to calculate those impacts
in Human Health, Ecosystem Quality and Resources categories, took advantage of four different
assessment methods (Impact 2002+, Eco-indicator 99, Edip 97 and EPS).

Results clearly show that the energy savings in cooling and heating loads post retrofit hugely
balance the damage caused by new material production and disposal phases. However, due to the
increasing use of renewable energy sources in the next future environmental profile of single
building component and intelligent building design will play a far more crucial role in the built
environment sustainability challenge.
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Background, aim and scope

Nowadays fossil fuels scarcity, economic crisis and social disparity impose us to do our best in
reducing our impact on this planet, beginning from local everyday activities towards global political
and personal behavioural changes. The building sector is therefore a focus in latest environmental
policy (UNEP 2008) since it is responsible in big proportion of energy misuse and squander: in
particular, buildings determine resources consumption during construction and components
manufacture, energy absorption during use phase and finally pollutants emission in the disposal
scenario. LCA method was born in the industrial field; therefore its application in the building
sector requires special instruments in relation to those peculiarities (Cole 1998). Priority of long-
lasting material more than performance in manufacture or disposal phases is crucial: impacts
generated during use are indeed significantly higher than those generated during production and
construction (10:1 ratio) (Bonnie Dong 2005). Moreover, unlike industrial artefacts, building is a
unique product from time to time different from itself placed in a specific and dynamic context
(Adalberth 1997), and in evaluating the environmental convenience of a choice it cannot be ignored
the holistic building process to which we deal.

Several building materials and products have already been assessed with LCA methodology: wood
and concrete (Bjorklund and Tillman 1997), clay bricks (Koroneos and Dompros 2006), insulating
rock wool (Schmidt et al. 2004), hard floor coverings (Gunther and Langowski 1997), and so on.
However, there is still little number of analyses on a medium scale element (like walls, windows, or
roofs), viewed in its multi-layer composition and in its overall life cycle, comprehensive of the
usage phase and energy performance (Woolley and Kimmins 2000). This study wishes to fill this
gap by comparing environmental impacts of different hypotheses of external walls, floor, roofs and
window, including in their life cycle their energy consumption during use phase, in order to make a
further step in the transfer from small to big scale LCA application. After that, an LCA comparison
between retrofit and non-retrofit scenarios aims to provide scientific evidence of the environmental
convenience of the selected solution along the entire building scale life cycle. The study intends
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indeed to assess the environmental convenience of retrofitting this school building. Convenience
can be evaluated by an inequality, in which the first member is the LCA of the building-plants
system in a non-intervention scenario, and the second member is the LCA of the retrofitted
building. Because of the cancellation of common terms in the two members, the comparison
concerns terms regarding materials and energy not common to the two members. The inequality is
the following (Neri 2007):

LCA [Ql] t; +LCA waintenance [Old (Mat. + Plan.)] t, > LCA [QZ) t, + LCA [neW
Mat'] t, + LCA [NEW Plan-] t+ LCA Maintenance [HEW (Mat. + Plan.)] L+ LCA Site
Management [NEW Mat.] t;

Where we have:

LCA [Q1] t; = LCA of energy consumed during the remaining building life time, supposed to be 70
years (t), where the building, in the non-retrofitted scenario [Q1], keeps consuming the same
amount of energy as in the 30 years before.

LCA [Q2] t, = LCA of energy consumed during the remaining building life time, supposed to be 70
years (t2), in the hypothesis of retrofitted building [Q2]. It is necessary a consumption forecast
according to the improved building-plants systems.

LCA [new Mat.] t, = LCA of materials used for the building renovation.

LCA [new Plan.] t; = LCA of plants used for the retrofit.

LCAnmaintenance [NeW (Mat. + Plan.)] t; = LCA of maintenance of new materials and new plants
during t; period.

LCAmaintenance [0ld (Mat. + Plan.)] t; = LCA of maintenance of old materials and equipments that
will be replaced in the hypothesis of retrofit.

LCAsite management [NeW Mat. + Plan.)] t, = LCA of site management that must consider only the
construction phase of new components, since demolition of old ones is also included in the retrofit.

The methodology

LCA methodology standards have been applied in each piece of this study. The procedure needed
to:

1. Provide an inventory of building wall, roof, floor and windows types, pointing out the level of
deterioration and malfunctions in order to propose substitutions or maintenance.

2. Determine energy loads.

3. Define the total lifetime of the building (100 years in our case) and start the t, period (70 years)
from the instant of completed retrofit.

4. Choose the new building packagse producing the lowest environmental damage.

5. Input in SimaPro software all the processes linked to new materials (LCA [new Mat] t,),
considering energy and materials needed for site management (excavators, hoists, cranes,
formwork, etc.) during the construction.

6. Calculate, for the old and the new building, the cooling and heating loads in the t, period (LCA
(Q1) t; and LCA (Q2) tp).

7. Input in SimaPro software the new plants provided for winter and summer needs (LCA [New
Plan.] t,).

8. The LCA of the site management ([new Mat. + Plan.)] t) should only consider the construction
phase of new parts, since the disposal of the old ones are present both in the hypotheses of retrofit
and non-intervention.

10. The LCA of the whole retrofit will be so given by:

LCA [new Mat] t, + LCA (Q2) t, + LCA Maintenance [new (Matt. + Plan.)] t, + LCA [New Set] +
+ 1, LCA site management [new Mat.] t,.



The function

The system function is to ensure the best internal comfort level for the educational activities that
take place in the school building.

The functional unit

The functional unit is the school building throughout its life, supposed to be of 100 years and
shifted in two periods, pre- (30 years) and post- (70 years) retrofit.

The system

The system to be studied is the “Da Vinci High School” sited in Salerno, in the south coast of Italy.
Specifically, the energy retrofit proposes the renovation, and so the comparison with partial LCAs,
of the following building elements:

-External wall (with the current wall, EW, to be preserved in any option):

EWZ1: Thermal and acoustic insulation coat, with EPS and fibre cement slabs, or

EW?2: Ventilated fagade with rock wool insulation and terracotta tiles on aluminium sub-structure
-Roof (with the current roof, R, to be preserved in any option):

R1: Green Roof with polyethylene support for soil and grass, or

R2: Inverted roof, with EPS horizontal slabs and gravel.

-Ground Floor (with the current ground floor, F, to be preserved in any option):

F1: Polypropylene igloo basement with ventilated crawl space, EPS slabs and ceramic tiles
-Windows (with the current windows, IW, to be replaced in any option):

AW: New double-glazed window, aluminium frame.

-Materials: For the end of life scenario, we assumed in most cases recycling process with landfill
avoided. This means that materials such as brick or stone are crushed, torn and re-used for road
foundations. To compose the building package we searched in the database "Product Archive 2011"
by Edilportale, preferring those companies providing more information about the environmental
profile of the product and that were nearer to the site, to reduce transportation cost. Recent changes
in legislation (European Directive 2002/91/EC, and its local amendments) have been used as
mandatory requirements for minimum energy consumption in winter.

-Ventilation: Hybrid ventilation systems, passive and mechanical assisted.

-Plants: Replacement of current boiler with a heat pump (air-to-air).

-Recycling: Use of recyclable material and easy disposable assembling technologies.

-Urban environment: Improvement of area accessibility and services, provision of park areas for
motorcycles and bicycles and common area for open-air activities.

The system boundaries

System boundaries range from raw materials extraction to their use and end of life phases, except
for those remaining on site at the time of restructuring (which will be cancelled out in both
members of inequality).

Data quality

Whenever existing and suitable to represent our inventory data, processes used to define our LCA
are taken from the SIMAPRO database; otherwise processes are reconstructed with data collected
on site, i.e. calling the supply companies, studying materials chemical composition and reproducing
it by modify the more similar item already in the database, updating the electricity mix to the Italian
scenario, exc. For damage calculation methods used are: Eco-indicator 99, EPS, modified EDIP and
IMPACT 2002 + modified by the ENEA centre in which these studies take place since years.
Results

From the analysis with the four methods it is clear that the proposed substitutions and additions
largely improve the environmental performance of the current situation. Among the processes that
mainly affected that outcome we can draw the attention to the avoided Carbon dioxide, fossil, found
in cooling and heating processes, as well as Water, cooling, unspecified natural origin/m® avoided -
but consumed at the same time during manufacturing processes of new materials. Retrofit impact is
indeed distributed amongst Human Health (+45.1%), Ecosystem Quality (+7.95%), Climate




Change (-59.99%) and Resources (-93.05%), where the greatest gains come from the better
building energy performance thanks to the new materials chosen, i.e. EPS coat in EW1 (ventilated
facade produced more damage for the aluminium sub-structure) as seen in Fig. 1, EPS slab in R2
(green roof has worse impacts due to the polystyrene soil containing layer) as seen in Fig. 2,
insulated floor (fig.3) and double glazed AW windows (fig.4). These make the building save
enough energy in its latest 70 years to compensate the increased pollutants emission in soil, air and
Water due to the production and disposal phases of new materials in the retrofit design

Flg 1 Evaluatlon of EW EW1 and EW2 comparlson W|th Eco |nd|cator 99 EPS EDIP 97 and Impact 2002+

R1 Rz R
Rz

Flg 2 Evaluatlon of R1, R2 and R comparlson W|th Eco |nd|cator 99 EPS EDIP 97 and Impact 2002+

Flg 3 Evaluatlon of F1 and F comparlson W|th Eco |nd|cator 99, EPS EDIP 97 and Impact 2002+
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Fig. 5 Single score evaluation for Retrofit Environmental Convenience process with Eco-indicator 99.



As can be observed in fig. 5, where under the horizontal axis are shown the non-intervention
impacts and over are the retrofit ones, the boiler in winter in the non-retrofit hypothesis is the
biggest source of damage for the consumption of fossil fuels (in green) in resources categories. The
heaviest contributions to the retrofit negative impact are given by: heat pump for winter heating
gives, heat pump for summer cooling, floating glass process found in the double glazed windows
and nitrogen oxide emissions in the foam expanding process necessary to the EPS production.
Nevertheless, leaving the building as it is for the rest of its life presents a far more serious injure in
all the macro-impact categories, and this without considering the external costs, the ones regarding
also third world communities where raw materials are commonly extracted and assembled causing
social cost not ignorable.

LCA analysis conclusions

From the assessment of the environmental convenience with the four methods it can be concluded
that the proposed energy retrofit produces an environmental benefit in all methods but EDIP, that
under evaluates fossil fuel consumption damage.

This rises the importance of the continue updating of evaluation methodologies, of
contextualization of weight factors in the local background both cultural and natural, and it makes
desirable a common agreement, at least at European level, on the limit values for the environmental
certification of building products and buildings themselves. For that purpose, values obtained after
this study could be used as possible indicator for compiling a maximum or minimum score in
building materials environmental profiles. The other consequence of this study regards the
importance that renewable energy and product environmental profile will acquire in the future.
Indeed, we saw that retrofit advantages are mostly coming from avoided damage in Resources,
thanks to significantly lower fossil fuels emission both in winter and summer. On the other hand,
the charts above have always demonstrated that retrofit affects Human Health and other categories
more than non-intervention scenario, for the harmful substances emitted by heat pump (that is still
working, although with smaller loads, for cooling and heating requirements) and by new windows
and EPS panels manufacturing processes. This drives to the conclusion that well-insulated external
envelope, low-emissivity glass and an efficient energy source is essential to drop energy
consumption, but in the future more can be done to drop the overall impact. Since project phase, a
smart and conscientious design can reduce maintenance, replacement and so the production (and
therefore pollutants emission) of new material and a harmful disposal of the old one. Environmental
policies already encourage the use of alternative and renewable energy sources offshore or on site,
but in the immediate future those will become mandatory requirements. Energy in use phase,
consequently coming from green sources, will become less critical than energy used during
production and end of life, and that can be assessed only with life cycle analysis tools and call in the
first line of the building process companies and governments.

Final conclusions

Relationships between design, energy needs, disposal scenarios and user behaviour are in truth
extremely complex. Final solution will be a sum of compromises, but through this study emerged
the importance of LCA methodology application in this path, to take into account environmental
impacts linked to materials and technology and thus provide clear criteria for consciousness
choices. Also, assessments discussed above are evidence for the importance of:

-A multidisciplinary approach, in order to integrated planning with contributions from engineering,
physics, chemistry and environmental and medical science;

-Establishing a scientific definition of abused attributes such as "eco-friendly", “sustainable”, and
“eco-compatible” regarding building products;

-Setting since the beginning achievable goals without significant on going variations;

-An ex-post evaluation to feedback and correct initial choices, and of user education in profiting of
provided energy saving devices;

-An LCA-based environmental certification, on side of mandatory energy certification



-A building selective demolition and therefore of components effective recyclability;

-Setting energy limits on summer cooling loads, ignored by current directive on energy certification
and crucial in our Mediterranean climate zone, were summer loads sometimes exceeds winter ones.

-Using LCA evaluation methodology to increase environmental impact awareness since the very
first step of building design. Just for example, windows comparison calculation showed that it is far
more convenient to apply a low-emissivity metal oxide coat on the external glass rather than reach
the same transmittance by using a triple glazed window (which increases by 75% the damage
score). Looking only at the production phase, it would have been ambiguous to choose between the
chemical pollutants emission due to the low-e layer and the “cleaner” glass manufacturing process,
but considering the overall lifecycle of the two windows type it is clearly more advantageous the
double glazed alternative.

Finally, this study highlighted the importance of a holistic approach along the entire building
process, an approach that should be included in the educational program of Universities and in the
standard building design at all levels. Appeal to sustainability, and respect for the “others”, is
nowadays urgent than ever, to show that a new course is not only possible but also necessary for our
survival and for the one of who will come.
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