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H I G H L I G H T S

• Conventional and Passivhaus proposals for a university building’s renovation are compared.

• The energy renovation achieved high energy savings for both proposals, between 60% and 80%.

• The Passivhaus proposal is 30% better than the conventional one considering the total lifespan of the building.

• The use of cork as an insulation material for envelope renovation is assessed.

• Cork does not fit the requirements for competing with common non-renewable insulation materials.
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A B S T R A C T

The need to improve the energy efficiency of buildings has introduced the concept of nearly zero-energy
buildings into European energy policies. Moreover, a percentage of the building stock will have to be renovated
annually to attain high energy performance. Conventional passive interventions in buildings are focused on
increasing the insulation of the building envelope to increase its energy efficiency during the operating phase.
Often, however, intervention practices imply the incorporation of embodied energy into the building materials
and increase the associated environmental impacts.

This paper presents and evaluates a comparison of two different proposals for a real-world building re-
novation. The first proposal was a conventional project for energy renovation, while the second was a low-
energy building proposal (following the Passivhaus standard). This study analysed the proposals using an in-
tegrated life cycle and thermal dynamic simulation assessment to identify the adequacy of each renovation
alternative regarding the post-renovation energy performance of the building, including an evaluation of the
introduction of a renewable insulation material into the low-energy building proposal, specifically a specific cork
solution. The most significant conclusion was the convenience of the renovation, achieving energy savings of
60% and 80% for the conventional and Passivhaus renovations (ENERPHIT), respectively. The former supposed
less embodied energy and environmental impacts but also generated less energy savings. The latter increased the
embodied impacts in the building, mainly for the large amount of insulation material. The environmental im-
plications of both proposals can be compensated for within a reasonable period of time, over 2 years in the
majority of alternatives and impact categories. However, the ENERPHIT project was 30% better than the con-
ventional proposal when the total lifespan of the building was considered. The introduction of cork did not fit the
requirements for competing with the common non-renewable insulation materials because it did not imply
better environmental performance in buildings, but cork insulation solutions currently present ample room for
improvement.
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1. Introduction

1.1. Background

In Europe, 40% of energy use and the corresponding environmental
impacts are concentrated in the building sector [1]. Energy use is
considered the area with the greatest potential for intervention [2],
playing a crucial role in the energetic transformation of the European
Union [3]. The improvement of the sustainability of constructions
through a more efficient and use of buildings would decrease the use of
energy by 42%, greenhouse emissions by 35%, and the extraction of
material by more than 50% [4]. The European Energy Performance of
Buildings Directive 2002/91/EC (EPBD) [1] promotes energy efficiency
and the use of renewable energy in buildings. Moreover, it presents the
concept of nearly zero-energy buildings (NZEB) as a mandatory
guideline for all new buildings beginning in 2021. Moreover, Directive
2012/27/EU [5], published in 2012 and effective as of 2014, requires
all countries of the EU to energetically renew 3% of public adminis-
tration buildings on an annual basis.

Certain efficient building practices for transforming the current
building stock are active measures, while others are passive interven-
tions. The former aim to conserve energy in building equipment and
maintenance by including system controls or via the installation of
renewable energy generating systems. The latter are used to reduce
energy consumption in the building envelope; one of the most extended
practices is to increase the insulation of the building envelope, in-
cluding façades, roofs and windows [6,7]. Therefore, insulation mate-
rials play an important role because they influence the use phase of a
building. For example, the installation of insulation material in en-
velope solutions can greatly reduce energy demand, by 64% in summer
and by up to 37% in winter. With these reductions in energy demand,
there is also a decrease in CO2 emissions [8]. In most European build-
ings, non-renewable insulation materials are installed, including stone
wool (SW), glass wool (GW), expanded polystyrene (EPS), extruded
polystyrene (XPS) and the less widespread polyurethane (PU) [9,10].
Moreover, the market accounts for other alternative materials, in-
cluding renewable materials. These materials are increasing in re-
levance because of the strategy involving the substitution of non-re-
newable materials in buildings. However, before such materials are
implemented extensively in buildings, the environmental implications
throughout their life cycle must be widely known—something that
currently remains underexplored.

Focusing on passive interventions, conventional building renova-
tions should reduce their environmental impact during the operating
phase to increase indoor comfort through heating and cooling, lighting
and operating appliances [11]. However, the intervention practices for
energy savings imply the incorporation of embodied energy and en-
vironmental impacts from other life cycle phases into the building.
Production, on-site construction, final demolition and disposal imply
energy use and environmental impacts such that if all improvement
strategies are focused on operational energy, the relative importance of

embody energy and environmental impacts could become more re-
levant to the baseline situation [12–14]. For instance, the European
Commission has taken the constructive methodology Passivhaus and its
specific criteria for building renovation (ENERPHIT) as a reference for
NZEB [15]. This standard, developed in Germany by the Passivhaus-
Institut Darmstadt, is largely focused on minimising the operating en-
ergy in buildings by intensively using insulation materials and more
advanced equipment but does not include the quantification of the
environmental implications that this process assumes. Because the re-
lative share of embodied energy in low-energy buildings is more re-
levant than that in conventional buildings [16], the selection of in-
sulation materials must take into account solutions with low embodied
energy [17]. The European Commission advises that efforts to reduce
embodied energy must be further strengthened, complementing them
with policies for resource efficiency. In this respect, life cycle thinking
incorporates the entire product system, from the extraction of materials
to their end-of-life, and aims to prevent impact trade-offs between life
cycle phases [18]. There is a strong interplay among all the phases of a
building life cycle, as each one can affect one or more of the others,
highlighting the relevance of the life cycle approach for performing a
reliable and complete building energy and environmental assessment
[19].

1.2. Literature review

Life cycle assessment (LCA) methodology quantifies and identifies
potential environmental implications in each of the phases of building
construction [20] and evaluates the potential benefit of different re-
novation measures. LCA has gained wide acceptance in the building
sector and is used to compare different alternatives in the design of
buildings. Most studies have focused on comparisons of different al-
ternatives for building designs regarding the selection of constructive
solutions and building materials [2,21–27], while others have focused
on new buildings (more specifically, residential buildings) [28–30].
Few studies have addressed the renovation of buildings, with their main
goal being to achieve great energy savings, limiting their scope to the
assessment of operation energy and often neglecting embodied impacts
during production and assembly of materials or constructive solutions
[11,31]. It is important to note that the renovation of the EU's ageing
building stock was indicated by the European Commission as a key to
meeting the EU's objectives to reduce greenhouse gas emissions and
energy demand by 20% [32].

Among the few studies that have taken into account both the em-
bodied energy and the operating energy of renovated buildings, dif-
ferent levels can be distinguished. On the one hand, at the building
level, the final balance between the energy savings achieved during
operation and the environmental impacts related to building material
incorporation has been assessed [11,17,33]. On the other hand, at the
material level, some studies have assessed the combination of different
building materials in the renovation of buildings, analysing the influ-
ence on energy and environmental performance after renovation

Nomenclature

EPBD Energy Performance of Buildings Directive
XPS extruded polystyrene
EPS expanded polystyrene
PU polyurethane
SW stone wool
GW glass wool
NZEB nearly zero-energy building
ENERPHIT Certification Criteria for Energy Retrofits with Passive

House Components
LCA life cycle assessment

FU functional unit
EN European norm
CML Institute of Environmental Sciences
ADP abiotic depletion potential
AP acidification potential
EP eutrophication potential
GWP global warming potential
OLDP ozone layer depletion
PCOP photochemical oxidation
OE operating energy
EE embodied energy

J. Sierra-Pérez et al. Applied Energy 212 (2018) 1510–1521

1511



https://isiarticles.com/article/149876

