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PREFACE

The 12" Italian LCA Network Conference (the 7™ Italian LCA Network Association
Conference) was held on 11-12 June in Messina (Italy), under the patronage of Ministry
for Environment, Land and Sea Protection, SETAC Italian Branch, Municipality of
Messina, ARPA Sicilia, AIDIC, AICARR, the Council of Sicily consultant associations
of Engineers, the consultant associations of Engineers of Palermo, Agrigento, and
Ragusa Provinces, and the consultant association of Architects of Trapani Province.

The conference focused on the role of the “Life Cycle Thinking” (LCT) approach as
support to decision-making in the definition of sustainability strategies, thus supporting
both public and private businesses in making more informed decisions.

Indeed, life-cycle information is considered crucial to guide policy decisions and
business strategies in many contexts.

Policy makers have to promote sustainable consumption and production strategies to
respond to national and international environmental challenges, by gathering baseline
and future-oriented environmental impact information for market-oriented policies and
developing strategies for resource efficiency and eco-design.

Private businesses have to improve efficiency to boost margins and competitiveness,
while contributing to sustainability.

Thus, LCT and product sustainability aims to reduce their environmental and socio-
economic burdens, while maximizing economic and social value.

The Italian LCA Network conference has become a representative venue for enterprises,
public authorities, international academics and researchers in the LCT field in order to
discuss, share, and disseminate innovative ideas and advancement on the LCT
methodology and case-studies.

The papers published in the volume contribute to new approaches, methods and
applications, in order to discuss developments, current policy progress and pathways
toward sustainability.

The conference proceedings report 60 papers, which were presented at the conference,
both in the oral and poster sessions, after a double blind peer review process, managed
by the Scientific Committee.

The following topics were covered in the conference:
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— Life Cycle Thinking methods and tools in public policies: experiences, limitations
and perspectives.

— Life Cycle Thinking methods and tools in private businesses: experiences, limitations
and perspectives.

— Life Cycle Thinking and Circular Economy: policies and practices.

— Life Cycle Thinking and the UN Sustainable Development Goals.

— Methodological developments of LCA, LCC, S-LCA and integrated Life Cycle
Sustainability Assessment.

The last section includes the three papers awarded the 9" Edition of LCA Young

Researcher Award, addressed to promote and disseminate the research activities of

young researchers involved in the Life Cycle Assessment research activities.

The President of Italian LCA Network
Maurizio Cellura
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Comparative LCA of renovation of buildings towards
the nearly Zero Energy Building
Cutaia L., Barberio G. 1, EImo G. 1, Longo S.?, Cellura M.2, Guarino F.2, Gulotta T.M.?
1ENEA, Italy
2 Universita degli Studi di Palermo, Italy

Email: laura.cutaia@enea.it

Abstract

The building sector is one of the key sectors to achieve the 20/20/20 targets of the EU as there
is the potential to lead to significant energy savings reducing the EU’s total energy consumption
by 5-6% and lowering CO, emissions by 5%. One powerful mechanism to apply principle and
criteria of nearly zero-energy buildings (nZEB). This work, done in the framework of the
agreement between the Italian Ministry of Economic development and ENEA on the “Research
of electric system” (Ricerca di Sistema Elettrico), has the aim to evaluate the environmental
impacts of the technological improvements needed for enhancing the performances of an
average building to a nZEB (or at least in the direction of a nZEB), performing a comparative
Life Cycle Assessment study. Data on building upgrading and energy consumption reduction
come from a test case performed by Universita degli Studi di Palermo.

1. Introduction

Buildings are responsible for approximately 40% of energy consumption and
36% of CO2 emissions in the EU and almost 75% of building stock is energy
inefficient, while only 0.4-1.2% (depending on the country) of building stock is
renovated each year. So, the building sector is one of the key sectors to
achieve the 20/20/20 targets of the EU and to achieve reductions of greenhouse
gas emissions in the residential and service sectors of 88% to 91% compared to
1990 by 2050. In particular, renovation of existing buildings can lead to
significant energy savings, which could reduce the EU’s total energy
consumption by 5-6% and lower CO2 emissions by about 5% (European
Commission). Main directive, laws and strategies, at European and international
level, have been promoted to foster the requalification and improve the energy
efficiency of building (for instance Energy Performance of Buildings Directive
and Energy Efficiency Directive of the EU Parliament). So building renovation
and new buildings construction will require low amount of energy and this
energy will come mostly from renewable sources, following the principle of
nearly zero-energy buildings (nZEB). Improving the energy efficiency of
buildings can also generate other economic, social and environmental benefits.

This work has been done in the framework of the agreement between the Italian
Ministry of Economic development and ENEA on the “Research of electric
system” (Ricerca di Sistema Elettrico - RdS) that foresee R&D activities for
reducing cost of energy for end-users, boosting the quality of service provided,
reducing impacts on environment and health of electric system and using
energetic resources in a better way. The amount for the contribution for
financing the RdS is defined by the Italian Authority for the Electric Energy, Gas
and Water Service. Activities are planned every 3 years and subdivided year by
year (from October to September). This work has been realised between
October 2016 and September 2017, as second year of the three years 2015-
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2017 and it is in the specific part of the project addressed to improving and
studying energy efficiency and energy use in the building sector.

Aim of the study is evaluating the environmental impacts of the technological
improvements needed for enhancing the performances of an average building
to a nZEB (or at least in the direction of a nZEB) on their life cycle. Practical
application of this kind of assessment is choosing technologies or technical
solutions for improving performances of buildings towards a nZEB, with
energetic and environmental load that doesn’t overcome, over the life cycle, the
reduction of consumption during the use phase. This work focus the
investigation on environmental performance of a restored office building in two
main scenarios: a medium upgrading and a high upgrading towards nZEB
conditions, performing a comparative Life Cycle Assessment study on different
geographical areas in Italy (North, Centre, South lItaly). The focus of this paper
is the South Italy (Palermo - Sicilia Region).

1.1.Building certification

Sustainability in building is defined as the control of impacts that the entire
building process has on the environment and on the quality of life of users. The
following figure shows the articulation of ISO standards on the theme of
sustainable construction (Barucco, 2011).

Environmental Economic Social
aspects aspects aspects

ISO/FDIS 15392 : Suslainability in building construction — General principles
ISO/TR 21932 : Terminology

Methodical
basics

ISO/TS 21929-1 : Sustainability indicators — Part 1 : Framework for
development of indicators for buildings

ISO/TS 21931-1 : Framework for
methods of assessment of

Buildings environmental performance

of construction works —
Part 1: Buildings

Building ISO 21930 : Environmental
products declaration
of building products

Figure 1: of ISO standards on the theme of sustainable construction

The EU regulation n. 305/2011 establishes conditions for the marketing of
construction products, introducing the requirement of sustainable use of natural
resources. Buildings shall be designed, built and demolished according to the
sustainable use of resources. The reuse or recyclability of construction
materials after demolition shall be guaranteed, as well as the use of
environmentally compatible raw and secondary materials (Barucco, 2011).

The sustainability criteria of buildings are grouped in six thematic areas: -
Efficiency in resource consumption; Limitation of the impact of construction
materials, Optimization of the relationship between the building and the
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surrounding environment, Indoor comfort, Safety, maintenance and building
management, and Ethical and social aspects.

Assessments of building sustainability with rating system methods, based on life
cycle thinking approach, are used with the purpose give an environmental label
to the examined building. Thanks to the certification and the label the overall
sustainability performance of a building becomes “visible” to the end-users. The
rating system methods work as an “environmental report” of the building, which
is then evaluated according to different requirements grouped into classes with
a minimum threshold. Final rating goes from a minimum - corresponding to the
achievement of threshold values - to a maximum ranking level. The scoring
methods depend on the type, size and destination of the building. For example,
a requirement on energy performance can not include the same thresholds for
both residential and commercial buildings, new buildings or major renovations
(Bertagni, 2016).

The most important certification methods or protocols used in Italy are ITACA
(Manfron, 2005), LEED (Bertagni, 2016) and BREEAM (Bertagni, 2016).

The ITACA Protocol has been adopted by many local administrations to
promote sustainable construction through: regional laws, building regulations,
calls for tenders, urban plans, etc. The Protocol is derived from the SBTool
international evaluation model, adapted to the Italian environmental context.
ITACA protocol has different versions, for the evaluation of residential,
commercial, school, industrial buildings, etc. both for the new building and for
the major renovations. ITACA divides the various requirements into five
evaluation areas: Site Quality / Resource Consumption / Environmental Loads /
Indoor Environmental Quality / Service Quality (www.proitaca.org).

The LEED protocol is managed by United States Green Building Council. There
are numerous versions of LEED, valid for different types of buildings. LEED
divides the various requirements in the following areas: Site Sustainability /
Water Management / Energy and Atmosphere / Materials and Resources /
Internal Environmental Quality / Design Innovation / Regional Priority. LEED
provides different levels of performance (result of the sum of totalized points),
ranging from basic level to Silver, Gold and - the highest level - Platinum.

The BREEAM protocol is developed by the British Institute Building Research
Establishment. BREEAM also has numerous versions that adapt to different
types of applications. BREEAM divides the requirements into classes: Energy /
Health and wellbeing / Innovation / Land use / Materials / Management /
Pollution / Transport / Waste / Water. Depending on the score obtained with
BREEAM the certificates vary in five levels: Exceptional, Excellent, Very Good,
Good, Sufficient.

The Directive 2010/31/EU set a limit on December 31st, 2020, when all new
buildings are expected to be nZEB. The key points for a design aimed at
creating a nZEB building include architectural planning aspects deriving from a
detailed knowledge of the geographical context where the building will be
located and from design aspects related to technological systems. All these
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aspects can be well connected in each phase using a certification protocol. In
summary the guiding criteria for a nZEB building construction are (Sasso, 2006;
Bertagni, 2016):

- The layout must favour the maximum level of sunshine and protection from
the prevailing winter winds.

- Compact and lightly dispersed forms shall be preferred.

- The type of building must guarantee the same thermal/energy potential for
every accommodation. Terraced and in-line buildings are preferred.

- The internal distribution must favour the positioning of staircases and
bathrooms towards the North front and living spaces on the South front.

- Use of passive systems for thermal control and for proper ventilation
(thermal mass, greenhouses and solar spaces, solar chimney, green roof,
etc.).

- Introduction of shading systems for summer radiation control (vegetation,
fixed or adjustable screens).

- Use of active systems for the reduction of residual energy consumption
(solar thermal and photovoltaic collectors)

- The openings system must guarantee an excellent level of natural lighting
inside each accommodation.

- A careful study of the thermal bridges must be carried out for subsequent
elimination or attenuation where not possible.

- Each building must be constructed using eco-compatible materials and with
excellent thermal insulation performance of the surface (thermal coat).

- Providing storm-water collection systems reducing water consumption.
2. LCA Study

The comparative LCA study was aimed to evaluate the environmental
performance of an average “conventional” building upgrading towards a nZEB
by means of new plants and substitution of materials and components. Data on
upgrading and energy consumption reduction come from a Test Case analysed
by University of Palermo.

2.1.Goal and scope definition

This work has been done in the framework of the RdS activities, financed by
part of the fee for the electric energy consumed by Italian end-users, and the
whole study will be published on ENEA website and on the CSEA (Cassa per i
Servizi Energetici ed Ambientali) website.

Aim of the study is the evaluation of potential advantages coming from building
retrofit actions for improving the energy efficiency respect to the potential
impacts of upgrading itself in two retrofit scenarios (European Parliament 2010;
Presidenza della Repubblica Italiana, 2011, 2015 and 2017): Scenario 1:
medium level of retrofitting; Scenario 2: retrofitting to nZEB.
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A comparative Life Cycle Assessment study has been carried out on different
geographical areas and the focus of this paper is the South Italy (Palermo). The
assessment method is Impact 2002+ and the tool used in the study is Simapro
8.5.

Functional unit is the whole retrofitted building, considering 1 year of activity.
Concerning system boundaries of the comparative study, the following phases
are considered (same phases are deleted in the comparison): new materials
production and supply; building maintenance; retrofit actions (new processes
and materials replacement, removal and disposal); use phase (energy
consumption and production). A general description of retrofit actions and their
lifespan is shown in the following table (more details in paragraph 2.2):

Table 1: Retrofit actions and related lifespan

Category Scenario 1 Scenario 2 Lifespan (y)
Opaque wall | External insulation with EPS External insulation with EPS 30
Transparent | Replacement of the existing Replacement of the existing 30
wall fixtures fixtures
Power Replace_ment of t_he power Replace_ment of t_he power

. generation and distribution generation and distribution 15
generation

system. system.

Lighting Replacement of the lighting Replacement of the lighting 8
system system with LED system with LED
Renewable NO Solar thermal system 15
sources NO Photovoltaic system 20

2.2.Life Cycle Inventory
2.2.1 The examined building

The examined building is an office of the 70s located in Palermo (South Italy)
with an area of 403.5 m?, a net height of 3 m and a volume of 1,210.50 m3. The
layout of the building is shown in Figure 2.

The buildings structure is made of reinforced concrete. The external walls (U =
1.183 W/m?K) include 27 cm of perforated brick blocks, with lime-based
external plaster and gypsum internal plaster. The internal walls (U = 3.045
W/m?K) are 8 cm of perforated bricks covered with gypsum and painting. The
floor (U = 1.974 W/m?K) is 17 cm thick, including bricks and ceramic slabs. The
flat roof (U = 1.453 W/m?K) has a structure made by reinforced concrete and
brick blocks, mortar, screed and a clinker external floor.

With regard to the transparent surface, it is about 24 m? and represents about
12% of the external vertical surface. In detail, the building is equipped with
metal frame and single-glazing windows (Utrame = 7.00 W/m?K; Uglazing = 5.75
W/m?2K), with no shielding and blinds.

The building lighting is made by ceiling lights with 34 fluorescent lamps (total
power of about 2.3 kW).

Heating and domestic hot water (DHW) are provided by a 36 kW diesel boiler
and an 80 | water storage. The heating system is equipped with cast iron
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radiators and insulated copper pipes for the distribution, except for office 4 that
is equipped with a fan-coil system, due to the high heating loads. The heating
system uses also further components such as distribution manifolds, electric
pumps, valves, etc., while a cooling system is not available.

N

>

Office 5_ Officed
2432t 129.00 n?

Office 6
| 10.57 nf

- Hall
19.03 Corridor
1 56.60

Office 2_

B o e
26.65 m

P

Bathroom 3
12,40
== »—;—n =

Bathroom 2
12.40

Office 3
3837 m"

Bathroom 1
10.70 m?

Figure 2: Layout of the building

The energy performance of the building was calculated with a simulation of the
thermo-physical characteristics of the building, performed with an energy
simulation tool certified by the Comitato Termotecnico Italiano. According to the
Italian law, the energy class of the building is E (Presidenza della Repubblica
Italiana, 2015).

2.2.2 The retrofitting scenarios

In order to improve the energy performance of the building and to move towards
Scenario 1 and 2, some retrofit actions were identified and simulated. In detalil,
the two scenarios are based on the transmittance limits for both the glazed and
opaque surfaces reported in (Presidenza della Repubblica Italiana, 2015)
respectively for medium level of retrofitting and nZEB retrofitting.

In order to plan economically, technologically and operationally realistic
interventions and to avoid demolition and subsequent replacement in the two
scenarios, the retrofit actions of Scenario 1 were selected to be able also to
ensure compliance with the nZEB requirements, except for the retrofit of vertical
opaque walls. For Scenario 1, the following retrofit actions have been identified:

- External insulation of opaque walls by using EPS (vertical wall) and XPS
(floor and roof) insulation panels;

- Replacement of the existing fixtures with PVC frames, with thermal break 12
mm air chamber (air) and 24 mm glass surfaces (U = 2.98 W/m?K);

- Replacement of the power generation/distribution system. In detail, the new
air conditioning system is made by a reversible air/water heat pump
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equipped with an inverter and a distribution system with fan coils. The DHW
iIs produced by an electric water heater. Other components complete the
system (copper pipes, distribution manifolds, electric pumps, etc);

- Replacement of the lighting system composed by 37 LED lamps with a total
power of 1 kW.

To achieve the nZEB requirements (Scenario 2), considering the Ilow
transmittance of the roof and the floor, only an additional insulation of the
vertical opaque walls was hypothesized (1 cm thickness of EPS). In addition,
two renewable energy systems were introduced:

- A photovoltaic system of about 1 kW (8 m? and 5 PV modules) for electricity
production;

- A solar thermal system (2.5 m? of flat collectors and a tank with a storage
capacity of 180 I) for DHW production.

Table 2 shows the energy consumption during operation for the three scenarios,
highlighting the energy savings during the operation due to the implemented
scenarios.

For each retrofit action and for each scenario, the main materials and
components needed for their implementation were estimated. As an example,
Table 3 shows the materials required for retrofit the vertical opaque walls in
both scenarios.

Table 2: Energy consumption of the building during operation

Existing building Scenario 1 Scenario 2

Electricity consumption (kWh/year) 13,330.38 7,059.22 5,676.83*

Diesel consumption (kg/year) 5,902.95 0 0

*1,327.52 kWhlyear self-consumption

Table 3: Materials required for retrofit the vertical opaque walls (kg)

Material Scenario 1 Scenario 2
Mesh reinforcement 77.35 77.35

EPS 284.72 35.59
Adhesive 3,321.78 3,321.78
Water 2,524.56 2,524.56
External plaster 6,643.56 6,643.56

2.3.Life Cycle Assessment and conclusion

Main results from Life Cycle Impact Assessment are here presented:
comparative results from normalisation and single score assessment and
sensitivity analysis on different time horizons. From the single score
assessment, that is the most aggregated result, is possible the identification of
the worst performance and the scenario 2 seems to have greater environmental
impacts respect to scenario 1 (Figure 3a). From the normalisation, most
significant impact categories are, for both scenarios, respiratory inorganic,
global warming and non-renewable energy (Figure 3b).
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Figure 3: Comparative LCA single score (a) and normalisation (b) results (IMPACT 2002+)

Significant contribute to respiratory inorganic value is due to the opaque wall
retrofit action; global warming and non-renewable energy are mainly related to
energy consumption and transportation of materials supply, in particular for
opaque walls retrofit actions and for new energy systems (photovoltaic and
solar thermal systems). A sensitivity analysis has been performed to evaluate a
time horizon of 20 years, in order to compare lifespan of the different
technologies used as retrofit actions.

As final result it is important to underline that benefits achieved in building
upgrading for enhancing energy efficiency not always reflect advantages on
other environmental indicators. Further investigations on other R&D actions in
technological improvements and further integrated analysis with other payback
evaluation are needed in order to have a holist evaluation and to guarantee that
energy saving options and policies are coupled to environmental and economic
exploitations.
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