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Abstract: There is a deep and often impassioned postulation that preservation is virtuous for societal
well-being, collective identity and for the environment. This idea is an important paradigm to guide
rehabilitation strategies for historic buildings. However, there is a need for data and research in
order to validate the contribution of preservation to environmental and cultural sustainability. These
research results will support preservation-related decision-making, in which tensions and conflicts
with sustainability goals are a routine. Nowadays, there is a strong belief that historic buildings of the
20th century also need to be preserved to create the identities of neighborhoods and cities and suitable
strategies need to be applied to extend their lifespan in an environmentally friendly and sustainable
way. This research, based on the assumption that integrating sustainability considerations in historic
buildings needs a quantifiable approach, selected eight refugee block apartment flats dating back
to the interwar period—endowed with architectural, aesthetical and urban history-related values
and acknowledged as exceptional examples of Bauhaus architecture in Greece—for an experimental
procedure based on life cycle analysis (LCA). Taking into account the deteriorated state of conservation
of the buildings, different preservation interventions were analyzed, focusing on the conservation
of the initial architectural form of the buildings and critical issues such as the increase in energy
efficiency after restoration. The research concludes that this type of assessment can inform urban
strategies, making a nexus between preservation and the environmental component of sustainability.

Keywords: modern built heritage; preservation; sustainability; life cycle analysis; Athens;
social housing

1. Introduction

There is a deep and often impassioned postulation that built heritage preservation is virtuous
for societal well-being, collective identity and for the planet [1]. Cities and neighborhoods are not
spaces created ex nihilo, without roots. It is the history of the place and the signs of the past that
bring to people the feeling of belonging. While this idea may be an important paradigm, there is a
need for data and research in order to validate the contribution of preservation to environmental,
economic, social and cultural sustainability. These data and research results will provide input to and
support urban regeneration-related procedures so tensions and conflicts between sustainability goals
and preservation practices, especially for historic buildings, can be avoided [1].
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The choice of sustainable development emphasizes the goal to adopt a critical spirit and a different
perception of quality of life. It is therefore a matter of social and collective character rather than an
individual one [2]. The reform of economic relations in political terms is an anthropocentric approach
that takes environmental concerns seriously [3].

Of course, cities are responsible for many environmental problems, while at the same time they
are degraded environments that suffer the effects of the environmental crisis (pollution, waste, lack of
green spaces, and a densely built environment). Together, the buildings and building construction
sectors are responsible for 36% of global final energy consumption and nearly 40% of total direct
and indirect CO2 emissions. Energy demand from buildings and building construction continues to
increase, determined by better access to energy in developing countries, greater ownership and use of
energy-consuming devices, and swift growth in global building floor area, at approximately 3% per
year [4]. The analysis of the environmental impacts of the built environment is addressed through a wide
range of methodologies at both the building and the city scale. Three main categories of methodologies
can be distinguished: a. Consumption-based approaches (environmental input/output analysis);
b. Metabolism-based approaches (indirect cross boundary impacts of production/consumption);
c. Complex system approaches (modeling the underlying dynamics of cities at various scales) [5].

Another issue in planning cities and neighborhoods is the ecosystems approach. The city or
neighborhood is a living system characterized by continuous exchanges: Energy, natural resources,
waste and materials are considered as flows that need to be maintained, restored and valued in the
best way, from the perspective of a circular economy and recycling. Beyond the flows of materials,
the urban ecosystem also depends on the interdependence of social actors. The city is indeed the
crucible of an interaction between individuals of different social categories and cultural backgrounds.
This diversity is the substratum of a mix of functions (economic, social, and cultural) essential to the
equilibrium of the urban ecosystem. Moreover, the creation of the built and the urban environment
is based on innovative financial engineering. It requires reasoning for the life cycle cost (LCC) from
the design to the demolition, including the maintenance and exploitation costs, to absorb the initial
extra investment.

The main aim of this research is to pave the way for interventions that will improve the
sustainability of a complex of historic refugee buildings in Athens through assessing the environmental
performance of the deteriorated built heritage, as a landmark of this neighborhood. The study area
is very particular and there is a long history of regeneration attempts full of conflicts between the
supporters of demolition and those of preservation.

The kind of regeneration discussed for the study area is close to the “regeneration in the context
of the built environment” as described by Cole in 2012 [6], as “the renewal and rebirth of a place after
major acts of devastation or the deterioration of the conditions that existed previously”. Regenerative
design is interesting since it accepts and promotes ‘place’ as the primary starting point for design,
connecting people back to the spirit of place in a way that they are encouraged by it and become
inherently motivated to maintain and care for it [7]. Mang and Reed [8] also suggest that design
responsibilities comprise putting in place, during the design and development process, what is needed
to ensure that the ongoing regenerative capacity of the project, and the people who reside and manage it,
is sustained through time. Regenerative design and development enhance and boost the development
of the necessary systems thinking, shared vision, ownership and shared responsibility. A place-based
approach and a place-based engagement are one way to achieve this thinking and understanding [9].
Regenerative development begins with the recognition that each place is a dynamic entity, with its
own exceptional history and prospect—rising and progressing, growing and decomposing, constantly
influenced by the broader socio-ecological system in which it is embedded [10].

The aim of this research is to stand against the demolition of the refugee buildings of the 20th
century and consider the preservation of this modern built heritage within a broader regeneration
and renewal perspective for shaping “place” as defined by the regenerative design thinking [6–10].
As Mang and Reed define it, regenerative design is “a system of technologies and strategies, based on an
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understanding of the inner working of ecosystems” that produces designs able to regenerate rather than
deplete fundamental resources and life maintenance systems and within socio-ecological systems.

To this context, the research builds on the life cycle analysis (LCA) of the deteriorated building
stock of a refugee social housing complex dating from the interwar period in order to inform the
process of selecting restoration options (restoration materials and specifically plaster and insulation
materials). Taking into account the present deteriorated state of conservation of the buildings, different
preservation scenarios and interventions were analyzed, fully adapted to the architectural form of
the historic buildings, under the spirit of a strict preservation, considering critical issues such as the
increase of energy efficiency after restoration. The increase of energy efficiency is prioritized among
other sustainability-related actions, due to the energy poverty that the tenants face, as a consequence
of their low income further decreased all along the economic crisis [11].

2. Materials and Methods

2.1. The Study Area

The study area is a residential area in Athens, located in Alexandras Avenue, one of the main
axes of Athens, close to the city center (Figures 1 and 2). The neighborhood was created to house
refugees from Asia Minor during the 1930s. The deportation of refugees from Asia Minor is one of the
main historical events of the 20th century in Greece and is of particular interest for Athenian urban
planning since it became the reason for the creation of the first social housing complexes in the city [12].
The building complex of the study area has introduced a series of innovations that fit into the language
of the modern movement with strong Bauhaus influences. The site’s total area is 14,500 m2, comprising
a 4500 m2 built area and 10,000 m2 of free spaces. The total built surface of the flats is 13,500 m2 plus
4500 m2 of the roof terrace.
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The historic refugee building complex is one of the first Bauhaus examples in Athens and is
characterized as one of the 113 important architectural monuments of the 20th century, in Greece.
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This characterization is not official. Officially, in 2003, two apartment buildings were declared
“monuments under preservation” by the Greek Ministry of Culture and in 2009 the rest of the buildings
were also declared “monuments under preservation” (Official Gazette 1747 B/26.11.2003 and Official
Gazette 62/13.02.2009, respectively). The building complex was constructed between 1933 and 1935 and
designed by the state architect Kimon Laskaris (1905–1978) and the civil engineer Dimitris Kyriakou
(1881–1971) working for the Technical Service of the Ministry of Social Welfare that was responsible for
housing the refugees from the Asia Minor [13]. There are in total 228 apartments—51 of which are
private properties and the others belong to the state. The private houses are in a good conservation
state, while these under the public ownership are in a poor conservation state (Figure 3)—some of
them are abandoned or even occupied.
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Buildings present simple rectangular parallelepiped geometry constructed both with reinforced
concrete and stone masonries. The surfaces were plastered without decorations. Stone masonry was
made by using limestones with a clay-lime mortar. The same composition of mortar was also used
for plastering the surfaces. Frames were made of wood with single glass, and wood and ceramic
tiles were applied for the floors. Additionally, regarding the state of conservation of the buildings,
most common decay problems observed are extended decay in plaster, with cracks, flaking, exfoliation
and detachment, moisture problems, bio-deterioration, and incompatible conservation interventions
such as the use of cement mortars for restoring stone masonries (Figure 4). Also, reinforced steel
presented extended decay due to lack of special protection. Other damages were caused due to
incompatible conservation interventions by the tenants, such as the extensive use of cement-based
mortars, or new openings in the masonries as a remedy of collapsing parts of the initial structure.
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This historic neighborhood has been extensively studied and discussed as far as its
rehabilitation/regeneration is concerned, because of its social diversity (of people in terms of age,
income level, culture, etc.), its history including conflicts and warring incidents and the architectural
value of the constructions of the interwar period. However, to the present day, the district remains in a
peculiar property regime, with few apartments under owner occupation—many of them abandoned or
quite occupied. As described above, the deterioration of the built heritage and lack of conservation
and protection are defining the neighborhood’s actual ambiance and identity.

Furthermore, the site is located in an extremely dense area of Athens, where there are very few
free and public green spaces (Figures 5 and 6). The green space unification program, proposed by the
Ministry of the Environment and Public Works in 2002 aiming to increase and connect the network
of green spaces in the city, previewed for this district the creation of a large public green space with
the displacement of the Panathinaikos stadium (Figure 5) and the demolition of the refugee’s block of
flats. The plan included the replacement of the stadium by an urban park, as well as the creation of a
green pedestrian circulation corridor connecting Alexandras Avenue and the new park with the center
of Athens.
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The study area presents great potential to address the issue of a sustainable residential area: good
accessibility and connection to the city center, to the public transport network and to urban services.
Access to the area is available using public transportation, such as conventional and electrical buses,
metro and of course cars. Pedestrian pathways present appreciable size inside and around the whole
area. In addition, the existing housing buildings present a rare bioclimatic potential [12] compared
with other collective housing blocks in Athens (appropriate ventilation, direct solar gains on all the
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southern surfaces in winter, and the strong presence of trees creating a pleasant microclimate) (Figure 7).
Particular characteristics of the complex as also shown in Figure 7 include the existence of a wide-open
space between the buildings, contributing to air circulation and sunlight access throughout the year.Sustainability 2019, 11, x FOR PEER REVIEW 6 of 19 
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2.2. The Existing Sustainability-Related Standards and the Methodology Applied

2.2.1. Key Sustainability-Related Negative Aspects Identified for the Study Area

The conceptual approach of this research is oriented to both the preservation of built cultural
heritage and sustainability. Concerning the social component of sustainability, after a review of the
existing literature, the authors concluded that there are only a few studies that have analyzed the social
sustainability of construction works [14,15]. However, a series of ISO EN 15643-(1-5) [16–20] provides a
methodology for the evaluation of the sustainability of construction works. The proposed methodology
is based on the three pillars of sustainable development, the environmental, the social and the economic
and on aspects and impacts with quantifiable indicators. Key indicators proposed are accessibility,
adaptability, health and comfort, loadings on the neighborhood, maintenance, safety/security (including
resistance to climate change and accidental actions), sourcing of materials/services, stakeholder
involvement, job creation and protection of cultural heritage (see Table A1 in the Appendix A).
Specifically, the protection of cultural heritage is also included in ISO EN 15643-3 (2017). These
indicators should be quantifiable, and the standard suggests a general methodology based on checklists.
An overview of the main indicators based on the ISO 15643 series for the assessment of the social
performance of construction works is presented in Table A1, included in Appendix A.

Following the indications of ISO EN 15643-(1-5), some of the key negative aspects identified for
the study area and the building complex level are noise, traffic, housing affordability, maintenance and
health and comfort issues, lack of integrated planning procedures and efficient stakeholder involvement.
It is also worth noting that in the neighborhood, there is a great mix of functions that vary from local
(housing and local shops) to major public functions on a hyper-local scale (several hospitals, Superior
Court, Central Police Station). There is a certain spatial segregation between these two different scales:
a hyper-local network developed linearly on the avenue and an introverted hindquarter sheltering
local functions (housing and businesses with a high concentration of immigrants). To enhance diversity,
which is one of the dominant goals when seeking social sustainability, the question of creating a zone
of contact between the diverse social groups of the district (inhabitants/immigrants and entertainment
functions of the avenue) arises. To attract locals to the avenue and visitors to the interior of the
neighborhood, the site should establish a commercial area on a mixed scale, mixing local shops and
entertainment stores [12]. It is also about changing the pace of life of the site and making it live,
both day and night.

Moreover, concerning environmental sustainability, air quality data collected for the year 2017 [21],
from the closed environmental station located at a crossing avenue (Patission Ave.), showed that the
main pollutants recorded are CO, SO2, NO, NO2, Ozone, Benzene, PM2.5, and PM10 in concentrations
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of µg/m3. It was found that the main air pollutant is tropospheric ozone, produced by the combination
of intense sunshine with considerable emissions of ozone precursors. Particulate matter with an
aerodynamic diameter less than 10 µm (PM10) exceeds limit values in special cases, when for example
there are south winds carrying dust from Africa. SO2 and CO concentrations during the winter
period are higher than those during summer period, due to central heating and greater use of cars.
The maximum CO values coincide with traffic peaks.

Furthermore, the area is characterized by high environmental noise levels resulting from the
strategic noise mapping for agglomerations in Greece, performed by the Ministry of Environment and
Energy in 2017 [22]. Due to its vicinity to one of the main avenues of the center of Athens (Alexandras
Avenue) with important traffic loads, the levels of noise are really high (>60 dB(A)), reaching a high
score of 75 dB (A) (Figure 8).
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2.2.2. Application of LCA to the Modern Built Heritage Case Study

As already mentioned, the research builds on the life cycle analysis (LCA) of the deteriorated
building stock of a refugee social housing complex dating from the interwar period in order to inform
the process of selecting restoration materials and specifically plaster and insulation materials.

Given that the built environment is recognized as a major hotspot of resource use (energy, water,
land, etc.) and environmental impacts, life cycle assessment (LCA) is increasingly being used to assess
the environmental impacts of construction products and buildings in the last 30 years.

Life cycle assessment (LCA) has been included in the international environmental management
standards ISO 14040 (ISO 14040:2006 describes the principles and framework for life cycle assessment
(LCA), including the definition of the goal and scope of the LCA, the life cycle inventory analysis (LCI)
phase, the life cycle impact assessment (LCIA) phase, the life cycle interpretation phase, reporting
and critical review of the LCA, limitations of the LCA, the relationship between the LCA phases, and
conditions for use of value choices and optional elements. The ISO 14044:2006 specifies requirements
and provides guidelines for life cycle assessment (LCA), including the definition of the goal and scope
of the LCA, the life cycle inventory analysis (LCI) phase, the life cycle impact assessment (LCIA)
phase, the life cycle interpretation phase, reporting and critical review of the LCA, limitations of the
LCA, relationship between the LCA phases, and conditions for use of value choices and optional
elements), which sets out the general requirements for carrying out LCAs and compiling reports with
their results. It sets as its primary objective the calculation and analysis of environmental impacts
related to products, processes or activities. This objective is achieved by identifying and recording
the use of energy and raw materials, as well as any kind of pollution of the environment throughout
the lifetime of the product or activity being studied (International Organization for Standardization,
2006). According to ISO 14040 the LCA contains four different stages: a. Definition of goal and scope;
b. Life cycle inventory; c. Life cycle impact assessment; d. Interpretation of the results. As a result
of this recording, it is possible to estimate both the overall impact of the product or activity on the
environment and the improvement of the situation following relevant proposals and changes [23].
Apart from this main purpose, there are also other specific objectives such as:
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• Environmental decision making based on scientific methodologies rather than arbitrary estimates;
• Overturning existing, erroneous and unfavorable environmental views of public opinion on

various products or activities;
• Evaluating conservation interventions/materials based on environmental criteria;
• Creating a scientific background to demonstrate the need to adopt economic measures;
• Informing citizens about the impact on the environment of products they use and activities

they carry;
• Assessment of investment plans related to their impact on the environment.

Moreover, a new trend arises. LCA, apart from the building scale, is also being increasingly
implemented to larger systems such as urban islets or neighborhoods. An extended review of 21 case
studies on the application of LCA already performed at the neighborhood scale [5] concluded that
there is a great diversity in aims and targets, especially as far as how the definition of the functional
unit is concerned, since a neighborhood is a quite complicated and multi-operational system. This also
makes the results not easily comparable. It is thus stated that a more standardized method is needed
for using LCA at this scale [5].

There is a wide range of commercial packages to conduct LCA studies or to support the various
phases and applications of an LCA. Some of these tools have been developed for particular fields
of industry (e.g., construction, waste management, agriculture, energy, recycling, etc.), while others
are designated for the vast majority of processes and applications. For the present experiment and
taking into consideration the peculiarities of the case study under investigation, especially the fact that
the building complex constitutes modern built cultural heritage that needs preservation, the GaBi ts
(v.8.7.0.18) [24] is being utilized as the leading tool of the examined system.

3. Results

3.1. Goals and Scope

Every conducted LCA study begins with an explicit statement of its goal and scope, which in
turn sets out the barriers and context of the study. This is a key step and the ISO standards require
the goal and scope of an LCA to be clearly defined and consistent with the intended application.
Fundamentally, this step involves the description of the system under study and the definition of
the following categories: a. System Description and boundaries; b. Data Quality; c. Functional Unit;
d. Allocation.

As described previously, the district selected for the experimental procedure based on LCA
methodology is located in the very center of Athens (Ampelokipi area) and comprises eight refugee
block apartment flats dating back to the interwar period, with distinguished architectural and historic
value. The spatial boundaries can easily be identified in Figures 8 and 9. However, the time boundaries
have to be explicitly defined since the calculation of the environmental footprint of the buildings
involves different processes and materials for different and large time periods during the building’s
overall lifespan. The data collected come from literature and relative databases and will be presented
in the life cycle inventory (LCI) section. They are average data that reflect the types of materials
and processes used, originating from the right geographic area (GR and EU), and are not outdated.
Whenever these requirements cannot be met, site-representative and specific data were used.
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Figure 9. Building designs (façade and typical floor plan) serving as a basis for the functional unit model
construction. Source: National Technical University of Athens (NTUA), School of Architecture records.

The “functional unit” was defined as a block of six apartments of a gross floor area of 50 m2

each, having a common entrance per month. In order to determine the functional unit, designs
of the buildings carried out by the School of Architecture of the National Technical University of
Athens (Figure 9) were used. The unit was developed as a detailed 3D model (Figure 10) using the
AutoCAD software.
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Finally, the allocation of materials and processes, concerning the type of building materials used
in the different building components (masonry, reinforce concrete, wooden frames, etc.), is presented.
The masonry is partly revealed due to the total detachment of the old plaster as can be seen in Figure 11.
Building materials were further analyzed and found to be:

• Stone materials corresponding to 90% of the masonry total volume. The stone used was limestone
containing iron oxide admixtures;

• Joint mortars constituted 10% of the total masonry volume. Mortars were clay-lime-based mortars
(90% clay and 10% lime);
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• Reinforced concrete comprising 13% total steel volume and 87% concrete volume and including
75% aggregates and 25% cement binder [25].
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Figure 11. Morphology of the stone masonries.

The next stage was the selection of the building components judged to be important for the study.
The components that were selected were: exterior walls, interior walls, slabs, exterior frames, interior
frames and coverings (Figure 12).

Sustainability 2019, 11, x FOR PEER REVIEW 10 of 19 

 
Figure 11. Morphology of the stone masonries. 

The next stage was the selection of the building components judged to be important for the study. 
The components that were selected were: exterior walls, interior walls, slabs, exterior frames, interior 
frames and coverings (Figure 12).  

 
Figure 12. Functional unit—main selected elements. 

The 3D model provides/offers all the relative volumes. For the involved processes, only the 
dominant ones in shaping the environmental footprint are selected. These are the heating processes, 
air conditioning and wood heating, and they are calculated during winter months (worst case 
scenario). For the time allocation, the lifespan for the different parts of the unit was determined and 
the results are presented in the LCI section.  

In order to study the effect of different restoring action on the environmental footprint of the 
buildings, different scenarios were assessed and compared to the initial situation of the building. 
These scenarios include actions focusing on the replacement of the existing plaster with different, 
new plaster systems, taking into account the possibility of adding an extra thermal insulation layer. 
Details on the scenarios and the utilized insulation systems will be presented in the Impact 
Assessment section. In the following Figure 13, the process diagram from GaBi is presented.  

Figure 12. Functional unit—main selected elements.

The 3D model provides/offers all the relative volumes. For the involved processes, only the
dominant ones in shaping the environmental footprint are selected. These are the heating processes, air
conditioning and wood heating, and they are calculated during winter months (worst case scenario).
For the time allocation, the lifespan for the different parts of the unit was determined and the results
are presented in the LCI section.

In order to study the effect of different restoring action on the environmental footprint of the
buildings, different scenarios were assessed and compared to the initial situation of the building. These
scenarios include actions focusing on the replacement of the existing plaster with different, new plaster
systems, taking into account the possibility of adding an extra thermal insulation layer. Details on
the scenarios and the utilized insulation systems will be presented in the Impact Assessment section.
In the following Figure 13, the process diagram from GaBi is presented.



Sustainability 2019, 11, 6147 11 of 19

Sustainability 2019, 11, x FOR PEER REVIEW 11 of 19 

 
Figure 13. The process plan (GaBi software). 

3.1.1. Life Cycle Inventory  

Once the goal and scope of the LCA is set, the next step is to connect all activities with 
quantitative data, i.e., perform an inventory analysis. The inventory analysis is an essential step in 
LCA and deals with the reporting of all inputs and outputs to the system under study. 

Table 1 shows the volume results for the different building components. For historic materials 
such as early 20th-century concrete or traditional mortars, it is difficult to obtain reliable values from 
the databases of the software, since most of the values refer to modern materials and processes. Thus, 
a decision was taken to use the most trustworthy values as far as possible. The utilized data come 
from the GaBi ts (db 8007). 

Table 1. Life cycle inventory (LCI) of used materials. 

Building Component and Material 
Lifespan 
(Months) Unit Value 

Density 
(kg/m3) 

Volume 
(m3) Unit/Month 

Exterior walls             
Clay Plaster 1200 kg 48,000 1600 30 40.00 

Limestone, gravel (grain size 16/32) (EN 15804 A1-A3) 1200 kg 418,500 1550 270 348.75 
Slabs             

Cement (CEM I 32.5) (EN 15804 A1-A3) 1200 kg 94,800 1500 63.2 79.00 
Gravel 2/32 1200 kg 284,490 1500 189.66 237.08 

Reinforced steel (wire) (EN 15804 A1-A3) 1200 kg 283,500 7500 37.8 236.25 
Interior walls             

Bricks vertically perforated (EN 15804 A1-A3) 1200 kg 33,800 2000 16.9 28.17 
Normal mortar (A1-A3) 1200 kg 8960 1600 5.6 7.47 

Exterior frames             
Timber pine (12% moisture; 10.7% H2O content) (EN 

15804 A1-A3) 600 kg 2175 750 2.9 3.63 

Window glass 600 kg 1250 2500 0.5 2.08 
Interior frames             

Timber pine (12% moisture; 10.7% H2O content) (EN 
15804 A1-A3) 

600 kg 2580 750 3.44 4.30 

Flooring             
Tile adhesive (EN 15804 A1-A3) 600 kg 3s90 1500 0.26 0.65 

Stoneware tiles, glazed (EN 15804 A1-A3) 300 kg 1800 2000 0.9 6.00 
Laminate flooring DPL (Mix)-Egger (A1-A3) 300 m2 317 - 6.34 1.06 

Coverings             
Insulation system 300 m3     32.86   

Paint emulsion (building, exterior, white) (A5) 120 kg 358.4 1400 0.256 2.99 

In Table 2, different insulation systems are presented. 

 

Figure 13. The process plan (GaBi software).

3.1.1. Life Cycle Inventory

Once the goal and scope of the LCA is set, the next step is to connect all activities with quantitative
data, i.e., perform an inventory analysis. The inventory analysis is an essential step in LCA and deals
with the reporting of all inputs and outputs to the system under study.

Table 1 shows the volume results for the different building components. For historic materials
such as early 20th-century concrete or traditional mortars, it is difficult to obtain reliable values from
the databases of the software, since most of the values refer to modern materials and processes. Thus,
a decision was taken to use the most trustworthy values as far as possible. The utilized data come
from the GaBi ts (db 8007).

Table 1. Life cycle inventory (LCI) of used materials.

Building Component and Material Lifespan
(Months) Unit Value Density

(kg/m3)
Volume

(m3) Unit/Month

Exterior walls

Clay Plaster 1200 kg 48,000 1600 30 40.00
Limestone, gravel (grain size 16/32) (EN 15804 A1-A3) 1200 kg 418,500 1550 270 348.75

Slabs

Cement (CEM I 32.5) (EN 15804 A1-A3) 1200 kg 94,800 1500 63.2 79.00
Gravel 2/32 1200 kg 284,490 1500 189.66 237.08

Reinforced steel (wire) (EN 15804 A1-A3) 1200 kg 283,500 7500 37.8 236.25

Interior walls

Bricks vertically perforated (EN 15804 A1-A3) 1200 kg 33,800 2000 16.9 28.17
Normal mortar (A1-A3) 1200 kg 8960 1600 5.6 7.47

Exterior frames

Timber pine (12% moisture; 10.7% H2O content) (EN
15804 A1-A3) 600 kg 2175 750 2.9 3.63

Window glass 600 kg 1250 2500 0.5 2.08

Interior frames

Timber pine (12% moisture; 10.7% H2O content) (EN
15804 A1-A3) 600 kg 2580 750 3.44 4.30

Flooring

Tile adhesive (EN 15804 A1-A3) 600 kg 3s90 1500 0.26 0.65
Stoneware tiles, glazed (EN 15804 A1-A3) 300 kg 1800 2000 0.9 6.00

Laminate flooring DPL (Mix)-Egger (A1-A3) 300 m2 317 - 6.34 1.06

Coverings

Insulation system 300 m3 32.86
Paint emulsion (building, exterior, white) (A5) 120 kg 358.4 1400 0.256 2.99
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In Table 2, different insulation systems are presented.

Table 2. Life cycle inventory (LCI) of the insulation systems used.

Insulation System Density [kg/m3]

Clay plaster (current state) 1600
Lightweight plaster (lime-cement) 1350

Reinforcement (mineral) 1450
Silicate dispersion plaster 1600

Synthetic resin plaster (EN15804 A1-A3) 1600

For thermal insulation, 50 m3 of cellulose fiber blowing insulation material (EN 15804 A1-A3)
(additional insulation) was used for each functional 300 month lifespan. Cellulose insulation is made
from 75% to 85% recycled paper fiber and 15% to 25% fire retardant material, making it one of the most
environmentally friendly insulation options on the market. In addition, it takes very little embodied
energy to actually produce cellulose insulation.

In Table 3, average heating data for the winter months are presented.

Table 3. LCI of heating (per month).

Air conditioning
5.3 kW (18,000 Btu), 8 h/day, 31 days, six apartments kWh 7850

Wood heating
7.5kg wood/d (5.5 h/d), 31 days, six apartments kg 1395

KWh 7521.1

3.1.2. Impact Assessment

The following step of the LCA is the impact assessment which deals with the evaluation of the
environmental impacts of the examined system. Generally considered impact categories are presented
in Table 4. Some of the impact categories such as global warming and ozone depletion have a global
impact, while other impact categories such as acidification, eutrophication and human toxicity have
regional and local impacts. Although most computational models include coefficients for all pollution
categories, each class of pollution is best interpreted by a particular model index. The table below
shows the optimal indicators for each pollutant category.

Table 4. Impact categories, models used and units of measurements.

Category Suggested Model Unit of Measurement

Acidification Potential CML [Jan. 2016] [26] kg SO2-eq
Global Warming Potential (GWP, 100 years) CML [Jan. 2016] kg CO2-eq

Ozone Layer Depletion Potential (ODP, steady state) CML [Jan. 2016] kg R11eq
Human Toxicity USEtox [27] CTUh

Ecotoxicity USEtox CTUe
Freshwater Eutrophication ReCiPe [28] kg Peq

Marine Eutrophication ReCiPe kg Neq
Particulate Matter ReCiPe kg PM2.5-eq

Photochemical Ozone Formation ReCiPe kg NMVOC-eq
Fresh Water Consumption ReCiPe m3

Fossil Depletion ReCiPe kg oileq

Finally, in order to assess the effect of different parameters on the environmental footprint of the
buildings, different scenarios were studied, and these are presented in Table 5.
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Table 5. Case study scenarios.

Scenario Insulation Thermal Insulation Comment

0 Clay Plaster No Initial situation
A Mineral light plaster No No indication of energy saving
B Mineral scratch plaster No No indication of energy saving
C Silicate dispersion plaster No No indication of energy saving
D Synthetic resin plaster No No indication of energy saving
E Mineral light plaster Cellulose fiber 20% energy saving

3.1.3. Interpretation

Figure 14 presents the fossil fuel depletion categories (concrete slabs, exterior walls, interior walls,
interior frames, flooring and coverings). As can be seen, the major category responsible for fossil fuel
depletion is the “concrete slabs”. This is also the case for all the other categories as it can be observed
in Figure 15.
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Figure 15. Total footprint analysis of the apartment block, per month. In these figures, the energy
consumption has not been taken into account.

In Figure 16, the effect of different insulation systems on the different categories is presented
(Scenarios A–D). It is evident that the current plaster is clay plaster and there is no thermal insulation
layer applied. We should note here that, in Greece, the obligation of using insulation in buildings was
introduced for the first time in 1979 (Presidential Decree of 1.6/1979, Official Gazette 362/∆‘/4.7.1979).
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Figure 16. Comparison of the footprint of different plasters for an apartment block.

Moreover, in the following figure, the use of a thermal insulation layer is taken into account
(Scenario E). This insulation layer normally upgrades the energy-saving rating of a building up to two
categories, thus energy saving by 20% is a realistic scenario. As has already been noted, cellulose fibers,
which have a relatively small environmental footprint, are used as a thermal insulator. When the
footprint of heating is taken into consideration, this footprint is responsible for almost 95% of the total
footprint in every category. Thus, a considerable decrease in energy demand can lead to significant
changes. These changes are presented in the following Figures 17 and 18.
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4. Discussion

The refugee buildings of the case study area were the subject of potential modernization by several
governments and agencies for many years. During the dictatorship (1967–1972), a ministerial decision
was issued that mandated the removal of refugees and the demolition of buildings, with the aim of
erecting a court building, but the decision was not finally implemented. Almost all of the plans and
studies carried out in the following years provided for the demolition of all apartment buildings,
with the aim of constructing modern buildings or landscaping an outdoor park, and even creating a
parking space. The National Technical University of Athens also proposed a plan to redevelop the area
but aiming at shaping the outdoor space and preserving the buildings with some modern interventions
as well as the creation of underground parking. In the 1990s, the issue of the refugee housing complex
was brought up again and the demolition of six apartment buildings and the preservation of the
remaining two as a sample of architecture were discussed extensively.

By 2000, 177 of the 228 apartments were gradually sold to the Real Estate State Company with
the aim to enable demolition and the restructuring of green spaces. However, this development was
opposed by the remaining owners of the other apartments as well as other operators. Thus, a struggle
began against their demolition, resulting in the decision of the Council of Modern Monuments of the
Ministry of Culture of 20 November 2008, favoring the preservation of the remaining six buildings.
Moreover, as already mentioned above, in 2009, a decision by the Central Archaeological Council,
designated the refugee buildings as historical “monuments under preservation” because of their
historical, social and architectural significance. Following this decision, the apartment buildings can
no longer be demolished or altered. In 2014, 137 out of the 177 apartments were transferred to the State
Private Property Fund and later, in 2016, they were transferred to the Attica Region that is currently
responsible for their development.

In this context, full of conflicts between the supporters of preservation and those of demolition,
the aim of this research was to pave the way towards a preservation–sustainability nexus considered
as a catalyst towards the sustainable rehabilitation of the buildings and the shaping of a “place” with
its particular characteristics. This is almost considered as a prerequisite for discussing and deciding on
the forms of preservation of the modern built heritage within a broader regeneration and resilience
perspective. Life cycle analysis (LCA) was chosen as a tool to proceed to quantifiable findings that
would support decision making. The experiment was limited to testing different plaster and insulation
materials, taking into account the deteriorated state of conservation of the buildings and the need to
adapt to the initial architectural form of the buildings, in parallel solving critical issues such as the
energy poverty by substantially increasing the energy efficiency after restoration.

However, reinforced concrete is a material with an extremely high environmental impact. Thus,
a great open challenge in the 21st century remains the conservation of modern built heritage structures,
mostly constructed with concrete. With the current focus on sustainability, it is necessary to properly
evaluate the environmental impact of concrete, especially when developing new ‘green’ concrete
types [29].

The LCA studies will not be carried out by the owners of the buildings. Most of the buildings are
state-owned and under the responsibility of the Region of Attica, as mentioned above. Financing for
the refurbishment studies was recently ensured. Thus, it is a matter of convincing the Region of Attica
to include in the relevant Call for Tender the need to conduct an LCA for the building complex. As for
the few remaining private apartments, incentives can be provided to the owners such as subsidies or
soft loans. As far as the energy refurbishment is concerned, there is a 2014–2020 funding program
entitled “Saving energy at home” [30] that is already ongoing for people with a relatively low income.
Such a program could be designed for the refugee buildings as well.

5. Conclusions and Recommendations

Nowadays, since the concept of sustainability includes “culture” as its potential fourth
pillar [31], effectively managing built heritage with strong cultural value is of paramount importance.
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The experiment proved that LCA can be successfully applied for assessing the environmental footprint of
a historic building complex. A key conclusion drawn from the results of the LCA in the refugee building
complex is that, in the process of selecting restoration materials for the deteriorated building stock,
an integrated approach is necessary in order to achieve preservation, reduce environmental footprint
and mainly increase energy efficiency after restoration. For each concrete operation, quantitative
analyses should be conducted and taken into account together with the qualitative benefits. Particularly,
since the refugee building complex is an exceptional example of Bauhaus architecture in Greece, the
experiment can serve as a research case study concerning the preservation -sustainability nexus, at
least to the extent of the environmental component of sustainability. Undoubtedly, further research
and methods are needed to proceed to the assessment of the economic and social components. Urban
strategies and decision making concerning the protection and restoration of built heritage based
on environmental impact assessment criteria could be informed by this experiment. Specifically,
experiments such as the one developed in this research could provide input to regeneration initiatives
that are often facing the dilemma between demolition and preservation, with emphasis on modern
built heritage cases.

It is worth noting that for buildings of the interwar period, modern energy requirements
cannot easily be covered mainly due to their high content of reinforced concrete. Thus, there is a
need to identify and integrate new “eco-friendly” materials in the field of the protection of built
cultural heritage, considering not only the compatibility of the various conservation interventions,
but also the environmental footprint of these interventions. The use of low environmental footprint
insulation materials in the restoring process can lead to significant environmental gain since these old
buildings, despite their bioclimatic potential, have no energy-saving infrastructure which results in
significant heating and cooling loss. Furthermore, energy poverty is aggravated, leading to the gradual
abandonment and deterioration of the housing complex.

Another recommendation, in order for the whole area to be part of the potential unification of the
«green space program» is the restructuring of the open spaces and the creation of public gardens [32] in
combination with pedestrian walks, to encourage visitors to enter the neighborhood. The green areas
will besides improve the urban micro-climate with obvious impacts on energy saving for the buildings
in terms of cooling.

It is evident that, in this sense, the experimental methodology presented in this paper exceeds the
boundaries of the case study and can have a replication value, especially if an eco-urbanism policy [33]
in the condense Athens city center is to be launched. LCA experiments, such as the one developed in
this article, can also contribute to a life cycle cost (LCC) approach as the basis of innovative project
finance in similar projects as well as the establishment of a performance assessment rating tool for
historic buildings of the 20th century [34–36].

The historic refugee neighborhood located in Alexandras Avenue is a place full of memories
and the building complex representing the social housing buildings of the modern movement is
particularly important for the study of the history of architecture from the interwar period and the
historical evolution of the city of Athens. It is evident that if its rehabilitation is successfully governed
by sustainability principles, this will be an interesting nexus of cultural preservation and sustainability.
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Appendix A

Table A1. Social aspects of the sustainability of construction works. Source: ISO 15643-3. Sustainability
of construction works. Assessment of buildings. Framework for the assessment of social performance.

Planning/Design
Commissioning -

Transport of
Products to

Building Site
Construction

Users

-Integrated
planning
procedures
-User participation
-Stakeholder
involvement

- - -

Neighborhood

-Neighborhood
participation
-Stakeholder
involvement

- Traffic noise

-Traffic noise
-Social standards of the
construction processes (safety,
neighborhood protection)

Society

-Number of urban
planning processes
(stakeholder
dialogues, etc.)

-Social standards/works
-Conditions during the
extraction and processing
of raw materials and
during manufacturing
-Sourcing of materials
-Regional economic and
employment laws

Traffic noise
through transport
routes

-Social standards of the
companies involved
-Social facilities on the
construction site (e.g., toilets)
-Stakeholder involvement

Use

Operation/building related, for the fabric during
the usage stage

User and control systems related to data for the
operation of the building and its elements during the
usage stage

Users

-Accessibility
-Adaptability
-Health and comfort
-Maintenance
-Safety/security

-health and comfort
-maintenance
-safety/security

Neighborhood Loadings in neighborhood Loadings in neighborhood

Society
-Infrastructure (public transport)
-Social affordability and cost efficiency
-Stakeholder involvement

-

After Use

Disassembly Transport of waste Disposal

Users

-Hazardous
material
-Accidents
-Noise
-Dust

-noise, traffic, and dust -
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