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Energy and architectural retrofitting in the urban context of Athens

INTRODUCTION

Theworld isfacing unprecedented speedsin climate-change leading to anotable
increase in global average temperatures, commonly referred to as global warming.
Citieshave acrucial role, not only as potential victims of climate vulnerability but also
as the main contributor (Bulkeley, H. & Castan Broto, V., 2013). It is an
acknowledgeable fact that urban areas absorb and retain significantly more heat than
rural areas (Oke, T.R., 1976). This difference of temperatures between cities and their
surrounding is known as ‘Heat Island Effect. One of the most important factors
affecting the intensity of the HIE is the configuration of buildings athough, the
situation differs according to the local climate. It is crucia that cities adapt to future

urban climates.

Analyzing the urban character and in adittion being able to predict and control
specific urban microclimates and their characteristics, may lead to the improvement on
pedestrian activity in urban spaces and moreover on the performance of buildings,
especially in respect to energy conservation. (Tapias & Schmitt, 2015) The necessity for
energy oriented design for the cities, over the last years, hasled to the emerge of energy
oriented innovations in building technology in the building construction sector (Brown
&Vergragt, 2008), with the latest experiences, aiming at setting to zero the energy

demand and the carbon emission, not only to building scale but evento acity asawhole.

With highly advanced energy-saving technologies, energy-efficient building
designs have been demonstrated and published .In other words, designers have reached
a level where with the use of advanced technical knowledge could design and form

zero-energy constructions and urban environments.
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According to Santamouris, it is acknowledged that the global population is
increasing rapidly. Y early are added more than 80 million of people and while the total
world population in 1987 was up to 5 billion, in the year 2000, nowadays it is over six
billion and continues to grow (United Nations Population Fund, 1998). As it is
demonstrated that urban population hasfaster growth that the rural one (United Nations,
1998 /World Urbanization Prospects,. The 1996 Revision, Population Davision, New
Y ork), this means, that there is a significant addition of 60 million citizens to the urban
areas per year, like adding a city of the scale of Paris every month. (UNEPTIE :

Tommorrow’s Market : Global Trends and their Implications for Business. 2002.),

In a European level, it is proved that more than two thirds of the European
population lives in urban areas (EU Report, Cities of tomorrow 2011). This increased
concentration of urban population has led to a disproportional consuming of the
resources and as a consequence, contributing in a negative way to the climate change
(May et a., 2013). Cities, are the victim of this climate change that the world is facing.
Phenomena like the urban heat island (UHI) effect and its health consequences on
citizens, the extended flooding and witnessed natural disasters are putting to risk mainly
the Mediterranean region. (Ferrante, 2016)

Urbanization and industrialization are dynamically related to the urban
environment and the urban local microclimate behavior. Particularly, urban and
industrial growth and their implied environmental changes have caused the
deterioration of the urban climate. This modification shows a high variation and
depends from numerous factors, such as the urban morphology, the regional local
climate, regional wind characteristics, human activity etc.(Santamouris,2013).Urban
aress is generally accepted that they offer a very low climatic quality. The growing
urbanization of the world population set cities as the central target in the search for new

approaches to environmental management!. Focusing to the Mediterranean region,

1 The need for rapid and concerted action on the global scale has been officialy recognized by the international
community in events like the United Nations Conference on Environment and Development, held in Rio De Janeiro
in 1992. Agenda X X1, one of the agreements emanating from this conference, addressed the specific issue of climate
change. Thisisacomplex and controversial phenomenon related to theincrease concentrations of naturally occurring
greenhouse gases in the atmosphere due to human activities. These gases, which include carbon dioxide (CO2) and
methane, trap solar heat in the atmosphere, so warming up the surface of the planet. The main source of greenhouse
gases is burning of fossil fuels, such as coal, oil and gasfor energy, very oftenin arather inefficient way.
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aongside with the energy and environmental needs, many cities have defend
themselves against new and persistent social problems (unemployment, poverty, social

exclusion and immigration)

The urban environmental issue, derived from climate change, is by far the
biggest global concern. Thus cities, which are the main responsible for the biggest use
of the environmental resources, have come to a point where should consider new forms
of urban planning in accordance with the concept of sustainability. Urban planning,
monitoring and mitigation techniques are essential parameters of the environmental and

energy policy.

Energy efficiency in urban settings is more than a technical problem. Social
aspects at acommunity level should bein priority and citizens should be well informed
on how to be transformed into energy users. In fact, developing more sustainable
consumption and production systems depend upon consumers’ willingness to engage

in “greener” and more collective behaviors (Peattie, 2010).

According to W. Reesthere are two basic criteriathat should be followed for ecol ogical

sustainability of cities:

- The consume of the renewable resources should stay up to acertain limit so asto

ensure that they will not exceed their production in nature;

- The production of degraded energy by the cities must not exceed the absorbing

capacity of local ecosystems;

The present research aims to discuss subjects related mainly to the energy and
environmental problems of citiesand their surroundings. Asawider research hasagoa
to verify and test, by means of dynamic simulations, the effects on the urban
microclimate of the transformations induced in the outer space and see how these
effects may affect the reduction of temperature in its confined environments The
external areas and the surface/volume of the built area is considered as a unique

interacting environment.
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The configuration of buildingsis one of the main parameters that influence the
different microclimates in the city and vice versa at the same time, the microclimate

influence the building’s performance.

Outdoor environments are consisted by multi-layer elements and factors creating a
complex context. Climate parameters, vegetation, surfaces and structures constantly
interact with each other. Due to the resulting interconnections, these elements cannot
be analyzed or controlled isolated and independently. In order to achieve an adequate
and complete ssimulation in an urban environment all interacting factors should be

considered as one system.

To achieve the goal of this research work, which is to set urban areas towards
the reduction of energy consumption, it was elaborated a strategy developed in five

main phases:

1. Selection, analysis and simulation with ENVI-met, (a holistic Microclimate
Modelling System) on typical selected urban contexts,

2. Proposal of different sustainable urban scenes/scenarios and performance of
new simulations,

3. Comparison of the results. Selection of the best proved scenario for the
improvement of the microclimate in relation with Heat Island Effect according
to the outcome of the previous simulations;

4. Creation of new climatic data files and performance of new simulations with
the use of Design Builder on Building scale.

5. Confirmation and analysis of the influence of the improvement of the

microclimate on existing buildings’ energy performance;

Every hypothesis of adaptation/transformation of existing urban settings is
strongly linked to the detailed reading of their typological and constructive systems as
well as to the search of a sustainable integration between the buildings’ characteristics
and their surrounding boundary conditions. In particular, the analysis of the existing
values of different building typologies and their urban surroundings as well as the
consequent possible transformation aimed at the architectural and energy retrofitting in

the urban context may result, at the operational level, in acritical process of re-design
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the built urban environment. Over the last decades, energy oriented innovations in

building technology have emerged in many areas of the building construction sector.

As also reported (Todorovic 2010) cities and their surroundings arrived at point
where there is a strong need for feasible more economical solutions with an integrated
design where energy saving can be reached combining constructive passive tools with
existing renewable energy systems, such as solar and wind energy and extension of
green spaces, avoiding the more sophisticated high-tech or innovative components.
Thus, instead of focusing on new developments and newly conceived buildingswe need
to address to the existing building stock within the active urban areas. Inevitably, the
challenge is set on the existing urban areas, where indeed in very dense or historical
centers the development of new concepts is highly impossible. (Ferrante & Semprini,
2011)

The volumetric configuration of the urban fabric and the materials that
constitute the external surfaces are the main factors that influence the microclimate of
the city. Understand and above all to be able to transform urban spaces can help to
improve the thermal comfort of the exterior and interior of the built environment. This
research work mainly analyzes the potential energy savings presented in the use of
green and passive systems in the urban sustainable redesign. By regarding the
modification of the external temperature as the main indicator of comfort, an
"Innovative collaboration” between environmental simulation systemsis selected asthe

strategy/tool for energy calculation of confined living spaces.

It is beyond question that, the environmental sustainability of an existing
building or a new building concept cannot be fully assessed with only an indoor
environmental simulation without taking into account the urban microclimatic

conditions of the surrounding urban areas where the building stands.

It is commonly accepted that good environmental performance leads to lower
energy consumption in maintaining thermal comfort, which is the first step towards
sustainability. Despite the recent progress in environmental simulation software tools,
still exist barriers to overpass such as the lack of collaboration between software

developed for large scale urban outdoor environments simulation and software
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specialized for indoor environments. If so, these two types of software simulations for
different scale, could produce unified outputs allowing architects, urban planners and
designers amore holistic apprehension of outdoor-indoor simulation that reflects more
accurately the urban patterns. This thesis, focuses on developing a methodology so as
to bridge this current gap and as a result, the assessment of sustainability at an urban
neighborhood level can be studied more holistically, hence achieving more valid

environmental simulations from an urban dwelling point of view.

Finally, specific proposals on the use and management of energy in cities that
aim to contribute towards a better environmental quality and to improve the energy

performance of the existing buildings are presented.

Urban sustainable oriented design should be defined as the process that takes
into account the most basic elements of microclimate for design purposes (i.e., sun,
wind, temperature). The application of this concept is not only to benefit from the
existing urban microclimate but also to mitigate the regional existing stressed
conditions and decrease the negative effects through design and planning options.
However, this concept requires a more scientific approach to evaluate its true meaning
(Berger 2014.), which implies amethod of inquiry that must be based on empirical and
measurable evidence subject to specific principles of reasoning. (E. Tapias & G.
Schmitt,)

The analysis of existing built environment indicates that the critical values of
the surrounding areas, together with the very poor energy performance of the existing
building stock and the levels of possible transformations they imply, may introduce
radical proposals for urban and building retrofitting. (Ferrante,Semprini 2011) The
understanding of urban spaces and their environmental evaluation, in relation to the
fundamental features of the buildings and with the outdoor spaces, are of highly
importance. In terms of architectural structure, this importance is focused on the
external cover of the building, which can be re-proposed by energy efficient
technological solutions (green roofs, photovoltaic shells, green walls etc.) aimed at re-
shaping the technical and formal aspect of the building. These solutions, could also

positively affect the urban areaand the surrounding environment, fostering arenovating
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relation and collaboration between the built space and the environmental boundary

conditions.

In order to support city-planning processes, there is the need to develop these
kind of strategiesthat allow evaluation of the best in order to provide solutionsthat urge
the construction of future cities (Grimmond et a, 2010.). Therefore, it isimportant the
existence of an ‘automated’ method by means of dynamic simulations, that allows the
systematic exploration and evaluation of different geometric, material and applicable
aternatives according the different urban setting, to explore design spaces as variants
of urban forms. As a result, it will be possible to support the design process by
automated strategies by exploring urban forms according to measurements and
empirical findings on the relationship between the thermal comfort, microclimate data

and the building geometries.

This research work, illustrates a set of demonstration projects and considering
the technical, economic and environmental feasibility of nZEBs in the Athens
Metropolitan Area (AMA). In particular, the energy performance of selected typical
residential buildings in the AMA has been investigated, from the urban to the single
building scale, in order to properly identify the energy requirements and finally propose

targeted retrofitting hypothesis towards nZEBs both in building and urban scale.

Yet, all buildings’ transformations have to be tackled in aholistic and integrated
manner. As it was already mentioned the volumetric configuration of the urban fabric
is the main factor influencing both the indoor and outdoor thermal behavior and the
microclimate. There are onvestigated the potential synergies that may arise in terms of
energy savings between outdoor and indoor spaces, by using an unprecedented
collaboration between different scale environmental simulation systems.
Understanding and especially being able to predict and manipulate these urban
microclimates may help improve different aspects of the urban environment also in
socia level. (E. Tapias & G. Schmitt 2014). General ideas related to the application of
global and European sustainability principles, in the urban built environment, are also
presented and discussed in a critical way. In order to satisfy such a multilayer set of
goals, avery adequate and efficient institutional, political, social, economic and cultural

regulatory framework is needed.
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CHAPTER |
ENERGY ISSUES OF THE URBAN AREAS

ABSTRACT

The context of this chapter is the analysis of the characteristics of the urban built
environments and the energy issues related to the urban areas. City and climate are an old
critical topic. The urban planning and building structure could be hypothesized that
shows differences according to the various climatic zones. In example, cities that
belong to warmer climates tend to have a more extroversion structure, more open and
less dense in order to benefit from the wind and achieve as much cooling as possible.
On the other hand, in cooler areas, cities tend to have a more dense character in order
to maintain the heat. But cities in their mgority no matter the different climate

conditions show similarities to their structure, material and behavior. (Curdes, 2010)

This chapter is divided into four main parts. The first part focuses at the
analytical presentation of the heat island effect on the urban areas and especially on the
Mediterranean area and its particular climate. It will be also taken into consideration
actual research in nearly zero energy practice, with the case of the Mediterranean area
and its particular climate as the main context. It will also be analyzed the importance of
green open spaces and their impact and their potential for the improvement of the urban
climate. Further, will be analyzed the main energy related issues in the urban
environment, its cooling demand related to the Heat 1sland phenomenon with the review
of past and recent case studies in the Mediterranean region. Having as a starting point
these studies in literature and from actual achievements in building pilot projects, a
brief discussion for the current knowledge in nearly zero energy demand in building

common practice is presented.

10
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1.1 Urban climate: The heat island effect phenomenon

Climateisthe average of the atmospheric conditions over an extended time over
a large region. Small-scale patterns of climate, resulting from the influence of
topography, soil structure, ground and urban forms, are known as microclimates. The
principal parameters characterizing climate are air temperature, humidity, precipitation

and wind.

The climate of cities differs from the climate of the surrounding rural areas,
mainly due to the structure of cities and the heat released by vehicles. In general, the
climate in cities is characterized by ambient temperatures, reduced relative humidity,
reduced wind speed and reduced received direct solar radiation.

While in rural areas the use of the land is more common, in the urban
environment the texture varies and the density is another factor that make more difficult
to assess and predict the microclimatic conditions. It is very important to emphasize on
how a building and a building’s design affects its surroundings and therefore the
microclimate. In order to sum up, the main differences between the urban environment
and therural areas are:

- The air temperature in the cities is much higher compared to the one of the
rural surroundings;

- Apart from the air temperature difference, a significant difference it is
documented to the wind speed and is highlighted that in urban zones is
usually less strong;

- Thelack of sunlight intensity due to urban pollution; The morphology and the
orientation of a building can affect the intensity of the daylight and the direct
sunlight, as the majority of tall buildings cast shadows over the others.

11
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The assessment of the urban microclimate is difficult to be categorized as its
own character prevents it. Each city’s difference density, morphology or the ever
ending changes that take place in an urban planning with the redesign or reconstruction
of new forms and geometries or the volumes and masses and the constant change of
materials, make it even more difficult to estimate the microclimate and its

characteristics.

Heat island is the more documented phenomenon of climatic change
(Santamouris, 2001) and it is proved by meteorologists over the last century. During
this phenomenon it is observed much higher air temperature in the central urban areas

compared to the suburban zones and the surrounding rural areas (Figure 1.1).
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Urban Heat Islands develop in areas with a high percentage of non-reflective
and water-resistant surfaces and in addition the lack of green spaces. The intensity of
this phenomenon could reach up to 15 K difference of air temperature while studiesin
the city of Athens, have revealed that the temperatures records from weather stations
situated in the centra urban fabric are 5-15 K higher than the ones from suburban
stations (Santamouris et al, 2001). Some of the elements that are mainly related and
influence the HIE phenomenon are, the building density, the urban surface and its
complex geometry, the use of absorbing materialsin the urban fabric, the urban canyon
geometric characteristics, the lack of green spaces and the increased anthropogenic heat
(Oke, Johnson, Steyn, & Watson, 1991).

Heat island, asitisstated in literature, has avery important impact on the energy
consumption of buildings during the summer period. It mainly increases demand on
cooling, it increases the concentration of pollutants and as a consequence causes human
discomfort and numerous health problems (Cartalis et a., 2001; Hassid et a., 2000;
Santamouris et al., 2001; Santamouris, Paraponiaris, & Mihalakakou, 2007,
Santamouris, Pavlou, Synnefa, Niachou, & Kolokotsa, 2007; Stathopoulou,
Mihalakakou, Santamouris, & Bagiorgas, 2008).

Preventing temperature increase and avoiding the heat island effect in the urban
environment involves the use of many mitigation techniques. Some of the most
common solutions are the application of reflective materials, incensement of the green
spaces, increased convective cooling, use of water sources, etc. (Akbari et al., 1992;
Gaitani, Mihalakakou, & Santamouris, 2007).

In particular, the use of cool materials presenting high reflectivity to solar
radiation and high emissivity coefficient contribute highly to decrease the surface
temperature of the cities (Akbari et a., 2009; Synnefa, Santamouris, & Livada, 2006;
Santamouris, Synnefa, Kolokotsa, Dimitriou, & Apostolakis, 2008; Synnefa,
Santamouris, & Apostolakis, 2007). Extensive green spaces and planted roofs have also
a very important impact on the temperature regime of the cities (Santamouris, &
Dimoudi, 2009; Santamouris et al., 2007; Shashua-Bar et al., 2010; Sfakianaki, et al.
2009; Niachou, et al. 2001; Yu & Hien, 2009).

13
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In order to have a complete idea, about the principal microscale strategies for

mitigation of the urban heat island effect are mentioned below:

- Improved air flow and natural ventilation: could be achieved by the use
of ventilated roofs as they have to ability to eliminate overheating.
Building orientations and organization of adequate gaps is useful for
improving the air flow.

- Cool roof has the ability to reduce building’s heat gains and create
saving air conditioning expenditures. Thisin turn reduces the demand at
the power plant and as a result less carbon dioxide is released and as a
consequence it is reduced the air pollution.

- Replace asphalt with white pavements is a drastic solution as asphalt
surface absorbs more heat compared to white pavement, and its
temperature can reach even 20 Celsius degrees more than the white
pavement. It is proved that lower surface temperatures contribute to
decreasing the temperature of ambient air.

- Using High-Albedo material on Building surfaces’ as the use of these
materials has the same effect in the reduction of the ambient air equal to
the white pavement in comparison with the asphalt.

- Increase green elements (horizontal &vertical) as it is commonly
accepted that green areas in general absorb significant amount of heat.
The use of extra green zones and elements in different layers (vertically
or horizontally) in the urban settings, like green roofs and green walls,
may provide natural ventilation and decrease the demand on cooling of
the building.

2 Albedo (reflection coefficient) derived from Latin albedo "whiteness" , is the diffuse reflectivity or reflecting power of a surface.
Itis expressed as a percentage and is measured on a scale from zero for no reflection (a perfectly black surface) to 1 for perfect
reflection (a white surface).

14
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1.1.1 Heat Idand in the Mediterranean cities

It islargely demonstrated that the progressive increase of global warming will
raise urban temperatures and heat island effect. This will have a tremendous impact
considering that, the hot summer of 2003 with ~ 70,000 deaths, mostly in the cities, was
the second heaviest natural disaster of the last 100 years in Europe®.

As reported by many authors (Santamouris, 2001), countries in Mediterranean
areas have recorded a huge increase in summer cooling demand and overheating in

especialy evident in urban areas.

The effects of global warming are of relevant concern for both the environment
and human activities in the Mediterranean area®. Here, the average yearly air
temperatures are expected to increase between 2.2 and 5.1°C (in summer between 2.7
and 6.4 °C). Thisis forecast to occur by 2100, although more recent researches show

the time span may be even shorter (Hanson et al, 2007).

The “Heat Island’ (HI) phenomenon is aresult of many interconnected factors
(Santamouris, 2001; Yamashita, 1996) that contribute to the increase of the

phenomenon such as the canyon geometry, the thermal properties of materials

3 As reported by Santamouris et al. (2006), during the summer period, high ambient temperatures and heat waves cause dramatic
problems to vulnerable population living in overheated households. In France the estimated death toll of the 2003 heat wave was
about 15.000 deaths. According to the EuroSurveillance (EuroSurveillance, 2005), an estimated 22.080 excess deaths occurred in
England and Wales, France, Italy and Portugal during and immediately after the heat waves of the summer of 2003. Additionally
6.595-8.648 excess deaths have been registered in Spain, of which approximately 54% occurred in August, and 1.400-2.200 even
in the Netherlands, of which an estimated 500 occurred during the heat wave of 31 July-13 August. In parallél, it is reported that
approximately 1.250 heat-related deaths occurred in Belgium during the summer of 2003, almost 975 excess deaths during June-
August in Switzerland and 1.410 during the period August 1-24 in Baden-Wirttemberg, Germany. Studies in Europe and US
(Michelozzi et a., 1999, Michelozzi et al., 2005, Klinenberg, 2002), show that the greatest excess in mortality was registered for
peoplein low socioeconomic status, leaving in buildings with improper heat protection and ventilation.

4 The Mediterranean climate is the less extensive of meso-thermal climates, according to the 20th century geographical
classification developed by German climatologist Wladimir K&ppen (1846-1940), which continues to be the authoritative map of
the world climates in use today. Currently, the upgraded version of K&ppen classification uses six letters to divide the world into
six major climate regions, based on average annual precipitation, average monthly precipitation, and average monthly temperature.
As also reported by Lavee (1998), Kdppen defined the Mediterranean climate (or Etesian climate) as the area where: i) the mean
temperature of the coldest month is between - 3°C and 18° C; ii) the summer season is generally dry and the rainfall amount of the
wettest month is at least three times greater than that of the driest month; iii) the mean temperature of the warmest month is above
22°C; iv) the mean annual rainfall amount (in mm) is higher than 20 times the mean annual temperature (in degrees Celsius). The
first three conditions also refer to semiarid and arid regions adjacent to Mediterranean climate zones. Thus, the crucial difference
between the Mediterranean and adjacent arid climate zones is the mean annual rainfall. The Mediterranean sea contributes to the
temperate warm climate, retaining heat in summer and releasing it in winter. The magjority of the regions with Mediterranean
climates have relatively mild winters and hot summers. However winter and summer temperatures may vary greatly between
different regions. In the case of winters for instance, Lisbon experiences very mild temperatures in the winter, with frost and snow
practically unknown, whereas Thessaloniki has colder winters with annual frosts and snowfall. As afurther example, inland France
is very different from the southern borders of Egypt or Libya. Nonetheless, many similarities can be found for awide portion of
countries bordering the basin: in ailmost all the coastline cities, the minimum yearly average temperature is within 5-10 °C and the
maximum is within 27-34 °C, with the highest values being recorded in the Turkish coastline and Cyprus.

15
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increasing storage of sensible heat in the fabric of the city, the anthropogenic heat and

the urban greenhouse.

Figure 1.2 The Mediterranean climatic zones (source: Michael Mace for the Pacific Bulb
Society)

Zinzi (2010) reports interesting data about the Mediterranean region defining it
as a ‘geographical complex entity” which consists of 23 seaside states with about 600
cities, 46,000 km of coastline, more than 450 million inhabitants (2005), 7.2 per cent
of the world population, 9 per cent of total energy supply, 10 per cent of electricity
consumption and 8 per cent of CO. emission (Davi and Giampaglia, 2007). According
to Zinzi (2010), in thiscomplex area, afirst smple partition can be assessed on a socio-
economic basis: the north rim European states and the south and east rim states, with

their transition economies.

The Mediterranean is widely recognized as the area of the world in which the
call for sustainable development encompasses all main issues (Plan Bleau, 2008)
because of: i) it represents a fragile eco-region, where development is already set back
by environmental damage; ii) it is an example of a common contrast between the

developed northern part and the devel oping southern part.

16
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The demographic trend isthe Mediterranean Region is quite alarming: the north
rim population increased by 14 per cent from 1975 to 2005, when it reached 190 million
inhabitants. The south rim population has amost doubled in the same period,
accounting now for more than 258 million men and women (Zinzi, 2010). The south
rim trend appears to be critical in terms of environmental impact because all the issues

are strictly related to the massive urban sprawl.

The urban population increased from 42 per cent of the total to 62 per cent in
2005. Another consequence of urban sprawl in several countries is that more than 20
per cent of the population moved into major cities; the percentage increased to 26 per

cent in Turkey and above 35 per cent in countries such as Greece and Portugal .

Percentages above 60 per cent were recorded in smaller states, where the
population is concentrated in a few urban areas, such as Israel or Jordan. According to
the actual trend, it is expected that another 70 million people will live in metropolitan
areas by 2025, with about 90 million expected to dwell in the coastal urban settlements.
Thus, the future of Mediterranean countries relies on the implementation of new
development models based on a conscious integration of environmental, social and

€Cconomic issues.

Asalso reported by Zinzi (2010), a strong impact of the Urban Heat Island ison

energy use in buildings®.

5 The outdoor air temperature increase has several implications at the level of energy consumption of buildings: i) energy
consumption increase for cooling the building; ii) increase of peak cooling demand and, as a consequence, chillers’ size increase;
iii) energy price increase; iv) less ‘granted’ energy supply especially in crucial periods, as in summer heat waves; v) reduction in
the efficacy of bio-climatic and passive cooling strategies, often based on night natural ventilation techniques, when the outdoor
air temperature decreases and shows several degrees lower with respect to the indoor air.
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1.3. Thevalue of open spaces, therole of vegetation, water and selected

passive techniques “mitigation techniques”

Microclimate

The microclimate of an urban area can be modified by appropriate landscaping
techniques, with the use of vegetation and water surfaces, and can be applied to public
places, such as parks, play-grounds and streets (Givoni, 1991)

The first stage in managing higher future internal temperatures in buildings is
to attempt to make the external air as cool as possible. Within the built environment
this involves enhancing the green and blue infrastructure of parks, trees, open spaces,
open water and water features. Thereisagrowing interest in the use of rooftop gardens,
green walls and green roofs for their cooling effect (Liu, Baskaran , 2003). Parks and
other open green spaces can be beneficial through their cooling effects in summer,
through shading and transpiration (Shashua-Bar L, Swaid H, Hoffman ME.,2004) and
improved access for natural wind-driven ventilation. In addition, the presence of water,
plants and trees contributes to microclimate cooling, and is an important source of
moisture within the mostly arid urban environment (Robitu M, Musy M, Inard C,
Groleau D. 2006). Urban surfaces should be cool or reflective to limit solar gain.
Pavements, car parks and roads can be constructed with lighter finishes and have more

porous structures.
I mprove the Urban Microclimate

Improvement of the ambient microclimate in the urban environment involving
the use of more appropriate materials, increased use of green areas, use of cool sinks
for heat dissipation, appropriate layout of urban canopies, etc., to counterbalance the
effects of temperature increase, is among the more efficient measures. Increase of the
energy consumption in the urban areas, because of the heat isand effect, put a high
stressto utilities that have to supply the necessary additional load. Construction of new
generating plants may solve the problem but it is an unsustainable solution while it is
expensive and takes a long time to construct. Adoption of measures to decrease the
energy demand in the urban areas, like the use of more appropriate materials, increased

plantation, use of sinks, etc, seems to be a much more reasonable option. Such a
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strategy, adopted by the Sacramento Municipal Utility District, (SMUD), has proved to
be very effective and economically profitable,( Flavin and Lenssen, 1995),It has been
calculated that amegawatt of capacity isactually eight times more expensive to produce
than to save it. This because energy saving measures has low capital and no running
cost, while construction of new power plants involves high capital and running costs.
The optical characteristics of materials used in urban environments and especialy the
albedo to solar radiation and emissivity to long wave radiation have a very important
impact to the urban energy balance. Yap, (Y ap, D., 1975), has reported that systematic
urban —rural differences of surface emissivity hold the potential to cause a portion of
the heat island. Use of high albedo materials reduces the amount of solar radiation
absorbed through building envelopes and urban structures and keeps their surfaces
cooler. Materials with high emissivity are good emitters of long wave energy and
readily release the energy that has been absorbed as short wave radiation.

Lower surface temperatures contribute to decrease the temperature of the
ambient air as heat convection intensity from a cooler surface is lower. Such
temperature reductions can have significant impacts on cooling energy consumption in
urban areas, afact of particular importancein hot climate cities. Trees and green spaces
contribute significantly to cool our cities and save energy. Trees can provide solar
protection to individual houses during the summer period while evapotranspiration
from trees can reduce urban temperatures. Trees also help mitigate the greenhouse
effect, filter pollutants, mask noise, prevent erosion and calm their human observers.
As pointed out,'the effectiveness of vegetation depends on its intensity, shape,

dimensions and placement.
Vegetation

Vegetation modifies the microclimate and the energy use of buildings by
lowering the air and surface temperatures and increasing the relative humidity of the
air. Furthermore, plants can control air pollution, filter the dust and reduce the level of
nuisance from noise sources. Indoor simulations still tend to be isolated from an
important element affecting urban microclimate, such as urban trees. The main
advantage of urban trees, as a bioclimatic responsive design element is to produce

shade, whereas its main disadvantage is blocking the wind (Yoshida S, Ooka R,
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Moshida A, Murakami S, Tominaga Y.2006). In addition the effects of specific urban
treetypes - for example, the different leaf area densities and evapotranspiration rates of
urban trees influence solar access and heat exchanges if planted around buildings
(Radhi H.2009)

Eumorfopoulou and Kontoleon (2009)and Kontoleon and Eumorfopoulou
(2010) analyzed thoroughly the influence of the orientation and proportion (covering
percentage) of plant-covered wall sections on the thermal behavior of typical buildings

in Greece during the summer.

Limor Shashua-Bar et al. (2010) have analyzed the thermal effect on an urban
street due to three levels of building densities. The study indicated the importance of
urban trees in alleviating the heat island effect in a hot and humid summer. In al the
studied cases, the thermal effect of the tree was found to depend mainly on its canopy
coverage level and planting density in the urban street, and a little on other species

characteristics.
Water surfaces

Water surfaces modify the microclimate of the surrounding area, reducing the
ambient air temperature, either by evaporation, or by the contact of the hot air with the
cooler water surface. Fountains, ponds, streams, waterfalls or mist sprays may be used
as cooling sources, for lowering the temperature of the outdoor air and of the air

entering the building.

The asphalt and concrete used in urban environments is typically too dense to
allow water permeability, and therefore, drastically limits the latent heat exchange. The
water and air passage alows latent heat exchange, and therefore decreases the
temperature of the pavement. This, in turn, assists trees and other landscape root
systems to better access air and nutrients, providing cooler root zones which result in
larger and denser shading landscape materials (Goldn J, Kaloush K., 2007)
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Use of Sustainable Energy Supply Systems

Sustainable energy supply systems and mainly the use of district heating and
cooling systems based on the use of renewable energies like solar and biomass or the
use of waste heat, isthe mgjor tool to introduce clean energy in cities. Produced energy
may supply the residential sector, industry, urban agriculture, and any other sector
requiring hot or cold water. District heating and cooling brings heat or cool into the
buildings (by way of chilled water), and avoids anumber of distributed air conditioners
with poor performance and high cost. It pays itself on economies of scale but brings
large energy and environmental advantages. It provides opportunities to significantly
reduce electrical consumption, and thus pollutant emissions. District heating and
cooling installations using renewable energies are constantly increasing in Europe. In
many European countries the potential for district heating systems is very high, while
the number of settlements supplied by district heating networks is continuously
increasing. District cooling systems has mainly developed in the United Sates and
present a number of very important advantages. The more important advantage has to
do with the dramatic decrease of peak electricity load. District energy systems are very
efficient as operate at high efficiencies, can increase effective building space, decrease
operational , maintenance and capital cost of the user, and can improve indoor air
quality as do not generate any chemica or biological pollution in the building. In
paralel, district heating and cooling techniques when operated by Municipalities and
Community authorities may be the source of important of revenuesfor thelocal society.

Use of Passive and Active Solar Systemsin Urban Buildings

The adaptation of urban buildings to the specific environmental conditions of
cities in order to efficiently incorporate solar and energy saving measures and
counterbalance the radical changes and transformations of the radiative, thermal,
moisture and aerodynamic characteristics of the urban environment is amajor priority.
This incorporates appropriate sizing and placing of the building openings, to promote
solar energy utilization, enhance air flow and natural ventilation and improve daylight
availability, integration of photovoltaics aswell as use of passive cooling techniquesto
decrease cooling energy consumption and improve thermal comfort. Passive solar

heating, cooling and lighting techniques have reached a high degree of technical
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maturity. Large scale applications, especially in new settlements, have shown that very
high energy gains can be achieved while the thermal and visual comfort as well as
indoor air quality are very satisfactory, (Hestnes, R.Hastings and B. Saxhof ,1997).
Further penetration and use of solar technologies is associated with their adaptation to
the new conditions amost imposed by the specific social, economic and technical

trends dominating the overall sector of the built environment.

Passive design responds to local climate and site conditions in order to
maximise the comfort and health of building users while minimising energy use. The
key to designing apassive building isto take best advantage of the local climate. Passive
cooling refers to any technologies or design features adopted to reduce the temperature

of buildings without the need for power consumption.

To sum up, according with Curdes, in order to create a tolerable town climate,

the following aspects are important:
= compact building structures for the storage of heat or coolness
= narrow streets for shading areas for the movement in hot climates

= towers, skyscrapers and wind towersto generate vertical wind during hot and windless
weather

= big streetsin the main wind direction for ventilation and cooling in temperate climates

= cooling and shading surfaces (trees, water, green spaces, parks, green roofs, shaded
streets)

= in the north wind — lanes on slopes —, and in the south protection against the hot wind.
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1.3. Analysis of the best practicesin the framework of contemporary

urban planning

To understand the possible strategies to be adopted for low or zero energy
buildings it is also important to recall the basic bioclimatic principles of ancient and
traditional architecture, which can be either used to make a proposal for the recovery
of traditional constructions with peculiar bioclimatic strategies and/or trandated in the

present modern buildings (Cahas et al., 2004).

The importance of traditional construction as a frame of reference model of
bioclimatic architecture isreported by many authorsin the literature (Cafias et al., 2004,
Coch, 1998). All over the world, houses, small towns and villages of the past
collectively contain some of the best-preserved climatic conscious and aesthetically
enjoyable traditional architectural types and techniques. Furthermore, current passive
techniques used in reducing the cooling demand of buildings are based on or derive

from systems and components used in the traditional and vernacular architecture®.

Different research studiesin literature on interesting examples of vernacular and
traditional architecture have been selected. They are briefly illustrated in the following
part of this paragraph.

Analyzing and reporting more than 200 cases of old buildings in Spain, Cafias
(2004) highlighted significant points: @ The bioclimatic strategies used in popular
constructions correctly respond to the conditions imposed by the climate; b) Selected
strategies and technological tools for the protection against the solar radiation may be
found in buildings located in the southern middle part of Spain, where the solar
radiation received is very high, while, as an opposite, strategies for the use of solar
radiation appear in the northern middle part of Spain where the solar radiation is lower;
c) Strategiesfor the protection against cold temperatures agree with the regions of Spain

where the temperatures are minimum; d) Generally, technological tools for the

5 With respect to the representative or even monumental architecture, the popular architecture has been structured by people asa
direct and basic response to their own needs and values (Coch, 1998). These buildings show a greater respect for the existing
environment. They use local materials and techniques as far as possible, repeating and slowly modifying the course of history
models and take fully into account the constraints imposed by the climate. In spite of the plurality of solutions within the different
geographical contexts, it is also interesting to observe how practically identical architectural models are developed in similar
climates with highly different cultures and very distant locations.
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protection against rain are located mainly in areas where the averages of precipitations
are high. In particular, passive regional strategies are: a) Andalusian “patios” whose
function is to accumulate fresh air; b) Light color of the fagade as a mechanism for the
protection against solar radiation, since light colours reject the solar rays reducing solar
heating; c) Use of vegetation for the shading of the housing; d) Orientation of the

building for the collection of higher amount of solar radiation in winter than in summer.

Architectural structure and environmental performance have been reported aso
for the case study of the traditional buildings in Florina, North-West of Greece
(Oikonomou et al, 2011). This study was based on the documentation and the analysis
of the architectural and bioclimatic aspects of a sample of forty remaining houses of the
19th and the beginning of the 20th century. The analysis has been performed
considering the building types and form, the materials and the construction techniques,
whereas the analysis of bioclimatic aspects involves the thermal behavior of the
building shell, the thermal and the visual comfort conditions. Traditional architecture
of Florina is characterized by proper southern or eastern orientation of the buildings
and by the exploitation of the prevailing winds. At a large extent, the buildings are
oriented to achieve the best possible exploitation of solar radiation for passive solar
heating. Natural materials are used with great efficiency and according to their physical
properties and thermal characteristics (density, heat capacity, time-lag), aswell astheir
durability, improving the inter-seasonal thermal behavior of the various spaces and
enforcing the bioclimatic function of the buildings. In thisway, the winter living spaces,
which are situated on the ground floor, are characterized by increased thermal massand
reduced thermal losses due to the increased wall thickness and the reduced number of
openings, whereas the summer living spaces on the upper floors are characterized by
reduced thermal mass and enhanced ventilation due to the light-weight walls and the
increased number of windows. As a whole, the traditional buildings evaluated in this
study resulted in highly energy performing buildings both in the summer period and in

the cold winter season’.

" Computer-aided thermal analysis have shown that for the coldest day (January 26th), the main winter living spaces had slight
diurnal variation and range (around O °C with outside temperatures below -12 °C. For the hottest day (August 25th), while the
exterior temperature ranged from 22 °C (early in the morning) to 34 °C (around noon), the summer living spaces resulted warmer
than the outdoor air temperatures in the morning and in the night (25 °C), but significantly fresher around noon (29 °C). When
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The energy and microclimatic performance of traditional buildings have been
performed also for the well-known case of “Sassi’, historical hypogenous buildings in
South Italy (Cardinale et al., 2010). The *Sassi’ district of Matera, a UNESCO World
Heritage since 1993, is described as an exceptional example of traditional bioclimatic
Mediterranean architecture. The authors analyzed the energy performance of the
hypogenous building structures during one calendar year, founding, that the huge
thermal mass of the walls ensured constant and regular microclimate indoor conditions
throughout the seasons, without relevant differencesin the daily thermal oscillation. In
spite of some air change need (thermal -hygrometric comfort valuesin deep hypogenous
units are not fully reached), these structures present a null thermal balance during mid-
season, while in the summer the floor loses heat, thereby cooling the environment. The

opposite occurs in winter®.

Asadgeneral rule, it can be stated that incorporation of traditional or traditional -
based building techniques into newly designed building may help the design processto
use low-cost and achievable, locally based construction practices towards the
achievement of Zero Energy Balance and Zero on-site CO2 emission within the
Mediterranean climate (Ferrante et al., 2011). In the reference case study (a newly
designed housing development for a site located in the south of Italy) the concurrence
of different building components aims to achieve multi-purpose objectives within a

same building frame.

These components mainly derive from the re-elaboration of traditional forms
and techniques (building type — a courtyard house presenting a good balance among
natural ventilation and building compactness-, high mass envelope features and
construction from the local practices, selected passive tools for energy saving). The

same components are called to be integrated with systems for energy micro-generation

natural ventilation isinserted as an additional parameter (passive cooling strategy) in the computer analysis, the inside temperature
ranges from 23.5t0 27.5 °C.

8 The monitoring campaign has confirmed all results obtained through the dynamic analysis. By quantifying the total energy balance
of the hypogenous structures, the authors found the following: i) during the winter season, the heat flow loss from the walls was
balanced by the positive energy gain through the floor, which stabilized the temperature that remains constant at about 12-13 °C;
ii) during mid-season, exchanged heat fluxes are essentially null, resulting in a constant evolution of temperature with values of
15-16 °C; iii) in summer, the heat flow dispersed from the floor counterbalances the incoming heat flow for transmission and
ventilation, reducing high summer temperatures. During the summer season the indoor temperature is in the range of 18-21 °C
(specially in deep hypogea). It can be concluded that these buildings were built as ‘Zero Energy’ houses and they can be used
today, after conservative and light-method based restoration processes, with limited or null use of technology energy systems.
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from renewable energy sources —RES- combining existing technol ogies from RES into

traditional building types and consolidated construction practices.
DISCUSSION

The urban heat idland effect, as one of the main ecological global consequences
of increased urbanization and can affect the quality of the environment and of life. The
major source of UHI is the large amount of heat produced from urban structures, as
they consume and re-radiate solar radiation and also from the anthropogenic heat
sources. Increasing urban green areas is considered as one of the efficient strategies to
mitigate UHI. It has been proved that increasing urban green areas such as parks, street
trees and aso by adding vertical and horizontal green elements on the building
envelopes could reduce air temperature and consequently, reduce the heat island effect
phenomenon. Based on several studies, temperature reduction in a green urban
environment can reach up to 4 oC as also it depends on the size of the park, the amount

of trees and grass cover and the choice of material used for all external surfaces.

Therefore, it is concluded that urban greening is an efficient method in order to
mitigate urban heat island effect and human health consequences of increased
temperatures resulting from climate change and as a result, improve the quality of life

in urban areas.

To understand the possible strategies to be adopted for low or zero energy
buildings and urban environments it is a'so important to recall the basic bioclimatic
principles of traditional architecture. Finaly, it is presented in literature that current
passive techniques used in reducing the cooling demand of buildings are based on
systems and components used in the traditional and vernacular architecture.
Appropriate future planning in cities should consider that the built environment is not
just a collection of buildings, but it is in fact the physical result of various economic,

socia and environmental processes strongly related to the society standards and needs.
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CHAPTER I

ATHENSMETROPOLITAN AREAASA CASE STUDY

ABSTRACT

This chapter deals with the selection, the study, the urban analysis and energy

demand, developed in two different urban settings of the Athens metropolitan area.

Initially is introducing the urban evolution of Athens, and how it managed to
expand by covering the suburban areas and the periphery. A critical discussion
concerning the proper selection of representative case studies as potential repeated
indicative typical unitsin the framework of awhole city scaleisfollowed. At the larger
urban scale, the chapter investigates the effects of green on heat island mitigation and
on the energy demand for cooling, demonstrating the paramount additional saving
brought about by retrofitting the open areas and redesigning the surfaces of the built

environment by using green, new materials instead of asphalt, and shading systems.

The chapter concludes with the reference of the dense heat island phenomenon
witnessed in both selected case studies, underlining the series of constraintsand barriers
that must be overcome in order to adopt measures and actions to reach the target of

nearly zero energy urban settings.
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2.1. URBAN HISTORY OF ATHENS

Thecity of Athensrepresentsahighly significant pilot study, both in the context
of energy issues and for the increasingly emerging problems of degraded urban

environments.

The urban history of Athensin the last 150 years (1830- 2000) is characterized
from a notable contradiction of a city whose population expanded from 9,000
inhabitants (1824°) up to 3.80 million (2014) in lessthan 200 years, considering though
the Athens Metropolitan Area as a whole, the biggest region in Attica peninsula parted

from 58 municipalities'©

The city in present years is expanding without following a specific overall plan
and the organization is considered problematic and way far from the desired European
patterns. However, the new city plans are followed from, not only the politicians and
the experts, but also the press and all public opinion. Alongside the present and future
projects, is revised a new urban legislation that often goes hand in hand with the most

modernizing laws of the capitalist developed countries in Europe.

The interpretation of this "absurdity” isto be found in the relation between the
state authorities and the society. The state as an institution that is leagued with a certain
ideology and a specific operating mechanism and the society mechanism on the other
hand, as a union of people, built in individual groupings, operating, informal or
organized, motivated by the harmonization or contradictions between the interests and
ideology.

Athenscity areaisametropolitan area, that from further on will be also referred
as AMA and is located at the south end of the Attica peninsula, surrounded by the
Aegean Sea. Since 1951, suburban and exurban Athens has estimated for 95% of the

growth in the metropolitan region, adding more than 2 million new inhabitants,

9 During the years of the Greek Revolution, Athens was a small city (in 1824 has 9,000 inhabitants and occupies extension 116
hectares) destroyed and depopulated by war events. Nevertheless played an important ideological role in the symbolism of the
birthplace of democracy and the source of Greek Culture and civilization —values that have been adopted by the European
Enlightenment and the Greek Revolution. Therefore, Athens as the capital would have the ideological authority to incarnate the
center of the scattered Greek ethnicity.

10 The 2013 edition of Demographia World Urban Areas indicates that the Athens urban area has a population of 3.5 million,
living in aland area of 225 square miles (580 square kilometres), for a density of 15,600 per square mile (6,000 per square
kilometre).
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compared to approximately 100,000 for the Athens center area. Since 1971, as it is

shown on Figure 1, all of the population growth has been in the suburbs and exurbs.

Athens Metropolitan Region Population
1938-2011 (ATTICAREGION)
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Figure 2.1: Athens growth population, Source: Wendell Cox, The Evolving Urban
Form: Athens, Principal Source: Hellenic Satistical Authority& Rand McNally

Even with its current slow Athens urban area remains among the densest in the
developed world (Figures 2.1 and 2.2). This places Athens slightly ahead of London
(5,900 per sguare kilometer), about double the density of Toronto or Los Angeles and
more than four times that of Portland. (Cox, 2013)
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Figure 2.1: The evolution of urban density (in terms of inhabitants per square meters)
in Athens by districts from 1971 to 2001.
Source: http: //en.wikipedia.org/wiki/File: Population_Density in_Athens.PNG

Greek cities, especialy Athens and Thessaloniki that are the two main urban

centers of Greece, experienced a major urbanization movement during the 1950s after
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World War 11. The regulative framework between 40°s and 90’s led to the city centers’
shape asthey are formed nowadays . The main negative characteristics of thisnew urban
environment are the high density urban blocks, the lack of vegetation, the insufficient
social spaces, the degraded public spaces and the existence of great traffic, lack of
parking, insufficient public transportation and as a consequence of all those increased

noise and air pollution. (Tsagkalidou, 2015)

The monumental urban structure of Athens dates back to the Otto period (1833-
1864)1, as the logical consequence of selecting Athens as the new capital. The planis
a clear response to the ideological role that has to be played by the new capital. The
monumental and hierarchical structure has as a main reference the Acropolis, symbol
of the ideological prestige of Athens, and the Palace. The position of the Ministries
surrounding the Palace, expresses the nature of the new administrative and political

power.

The war period (Balkan, World War I, the AsiaMinor Campaign), intensify the
severity of Athens compared with other cities of the country, not only in terms of the

population'? but also from economic and political point of view.

Recall that the Catastrophe involve forced and final contraction of Hellenismin
the limits of the territory, and therefore makes Athens unique capital de facto. Even the
large international financial crisis, combined with theinstallation of 1,220,000 refugees
in Greece, which at that period has a population of 5,000,000 inhabitants in total, imply

1 Otto and the Bavarian power installed in Nafplion in January 1833. That period it is developed a very keen competition and
scepticism among various cities for the establishment of the capital of the State. Since 1831, the architects Kleanthis and Schaubert,
old students of Schinkel, begin to prepare aplan for a new city- capital in the region of Athens. The ideological acceptance of the
state as it is necessary the existence of the project and new standards. The design of architects Kleanthis and Schaubert, one the
most advanced for its time, proposed a combination of rectangular grid and radial connections of central spots and large open
spaces and marked with its basic choices the center of Athens. In terms of technical design it is one of the best examples of the era
The area of the project occupies atotal of 300 hectares. The plan was submitted to King Otto in late 1832 and adopted in July 1833,
while at the same time is taken the decision to transfer the seat of government from Nafplio to Athens. The decision on the
establishment of the capital in Athens ended a long-term uncertainty. However, it marked the beginning of a literaly chaotic
situation on the city plan, because, from the start and out of any doubt, it appeared that the financial and technical resources to
implement the plan were minimal. The successive modifications of the plan, however, changes the projected position of public
buildings and especially the Palace, the large decrease (to full elimination in practice) of the area reserved for excavations can be
attributed in interests on speculation in land, of Athenians and foreign owners of land. These interests were the onesthat intertwined
with the aims of political parties, the disputes between the State and the municipality and the lack of resources and finally leaded
to inactivate the implementation of the project and the majority of the original structure, except for the layout of the main axes of
the historic triangle -Panepistimiou Avenue and Pireos streets, Ermou and Athena streets- (May, E., 1929; Biris C., Mnipng, K.,
1966) that remains in the urban form of the city today.

12 The population of the wider area of Athens-Pireus from 453.000 that it was the year 1920, in 1928 exceeds the 800.000 and in
1940 arrives to 1.124.000
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an opportunistic, not solid but very rapid growth of the manufacturing sector, which is

concentrated mainly in the area Athens. (Vergopoulos, 1978)

The crisis of housing in Athens is acute, while the economic crisis and high
inflation block the possibility of housing construction. Rent controls that were imposed
in the 1916 has resulted in the total suspension of all the construction activity. Thus,
the addiction of 246.00 refugees in Athens comes to an aready very acute lack of
housing shortage.

It is worth to mention that during all this period even during the war period,
Greeks and foreign architects and engineers are studying urban plansfor Athens. These
people individually, other by the state or the city council, draft some of those plans.
That indicates the great concern that a big part of the citizens had for the proper
expansion of Athens. (i.e Plan of Hoffmann 1910, Mawson 1914-18 and Kaliga 1925).
The main objective of the projects developed isthereform of the central part of the city.
However, there are expressed views and opinions on the need to design the extensions
and new suburbs ( i.e Plan Lelouda, Plan Kaliga Figure 2.3 & 2.4).

Figure 2.4: On the left the plan of Kaligas 1925.
Source: YDE album

On the right the plan Lelouda 1919, source: ST.
Leloudas

It is also featured a plan drawn up in 1935 by the technical department of the
municipality, headed by K. Biris, (Figure 2.5 & Figure 2.6) where large green areais

provided ("greenissue” or green belt) which would prevent extensionsin theimmediate

33



Energy and architectural retrofitting in the urban context of Athens

vicinity of the central zone which implement the future organization of the city (Biris,
1966) Key topics of the projects of this period are the opening of roads and the location
of the public buildings. Usually the installation of buildings of similar use is proposed
in the same area, called as the "center" (e.g. administrative, commercial, university
center, etc.).
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Figures2.5 & 2.6: Plan of K. Biris, 1935, sources. Biris C, Technical Chronicles, Technical
chamber of Greece

The illegal construction is intensifying with the tolerance and often with the
support of the State if that would help to defuse the housing crisis. During this period
of the illegal widespread construction, added legislation is developed for economic
cooperatives, which essentially operate as a plot for widely layers of civil servants and
soldiers. This situation contributes significantly to the fragmentation and real estate
development of large areas of suburban land without plan or forecast how they will be

integrated in the city's fabric.

It is worth mentioning that there are some cases that a local plan is applied,
without any connection with the overall urban plans mentioned before, but in proportion
to some of the ideas in Western Europe are considered innovative.
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For the first time in Greece, it is developed a socia housing program for the
accommodation of refugees (Mantouvalou, 1988). The housesthat were built were very
few in relation to the needs. A very large percentage of the refugees were living in huts
which they constructed by themselves or by other people involved by interest in the
case that there was an available plot from the state. There is the construction of some
group houses though in different parts of Athensand other cities. Therefore, we see that
the type of the one room housing that can be joined in pairs, when the situation allows,
creating alarger house (Kaisariani area), perfectly follows the provision which applies
exactly the same time in the municipality of Frankfurt programs for "the poorest from
poor ", headed by Ernst May (May, 1929) The same appliesfor the two- storey or four-
storey blocks of settlements for Refugees (Kaisariani, Dourgouti, Kokkinia, Aghios
Dimitrios, Agia Varvara etc.) which are designed and positioned in the plot, always
according to the experimental principles implemented in Germany, in particular by

Walter Gropius.

Alongside the suburbs mentioned before, there are developed as private
businesses some suburbs for the middle-class (Psychiko, Ekali Filothel, llioupoli) and
are designed according to the model of a garden city which is followed for the
respective suburbs in Europe as it is shown in (central round large open spaces, radia

arrangement, gardens).

It is encoded and supplemented the existing planning legislation, so setting up
amodernized whole, alegidlation that is valid up to nowadays. It is therefore obvious
that for this period the contradiction, which appliesin principle, characterizesthe public
policy. A political modernization that is showing technical knowledge while also
seeking, through the provision of cheap land housing to defuse the critical social

situations.

The same policy, the same contradictions, continue after the war until the recent
years. However, isimportant to be noted a"dramatic" element that seems to define the
evolution of the design space: a contradictory relationship to historical time,
characterized by the fact that while there is an ideological obsession of an unbroken
continuity of Hellenism, the actual path is marked by successive shocks and

discontinuities. In what appears to have counterpart in urban planning, the element of
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occasional, ephemeral, the relief with the easiest management tools, even if that future
IS stored.

The present face of the capital is characterized by typical modern houses, which
isthe building of medium height. Apartment buildings that were built in the regions of
the center and the periphery took the place of the neoclassical houses of great
architectural value that were part of our history. So from one side is the construction of
these buildings of the 50s and 60s, built by entrepreneurs manufacturers, with the
method of payment, sometimes without even the architect’s study, and on the other
side, the illegal construction that is increasingly rising, that turned Athens into an

unidentifiable European capital.

Densification trend sped up in the 80s, and continued at the periphery.
Throughout all this period many urban plans were drafted for the overall organization
of the city. Alongside these projects, a new urban legislation is revised, often going

hand in hand with the urban development of the western countries of Europe.

Typical modern houses characterize the current aspect of the capital. Apartment
buildings built both in the center and the periphery took the place of the architectural
valuable neoclassical houses (Travlos I., TpauvAodg, I., 1977).Nonetheless, Athens
appears to contain and preserving a still residual potentiality in terms of future

capability towards a thinkable urban rebounding.

Surveying the urban planning history of Athens, we encounter the traces of
multiple ideas and guidelines, which have sometimes, amplified and sometimes
cancelled out one another. The attempts at organized construction the institutional and
political shifts, the social reception of issues relating to the city’s cultural heritage and
environment, the natural disasters, and the influxes of immigrant and refugee

populations have all fed into the ever-changing urban landscape.

The present face of the capital is characterized by typical modern houses of
medium height. Apartment buildings that were built in the regions of the center and the
periphery took the place of the neoclassical houses of great architectural value that were
part of Athens history. So from one side is the construction of these buildings of the

50s and 60s, built by entrepreneurs manufacturers, sometimes without even the
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architect’s study, and on the other side, the illegal construction that is increasingly
rising, that turned Athens into a faceless European capital. (Toursounoglou, 2010)The
20th century brought separation and dispersal of buildings to an extent unparalleled in
city history. Aerial photos and ground observation confirm this unambiguously the
sharp contrast of built form between the old "city" and its newer additions is

inescapable.

However, the 20th century also ushered a new form of a settlement, the vertical
block, which can equal in density and habitable space to several horizontal blocks built

in earlier years and thus dramatically increase the potential for people concentration.

2.1.1 The Urban Block as atypical Greek urban form

The legislative framework and constant revisions of the General Building Code
of 1929 led step by step to an increased plot coverage in the urban settings of 70%
having as a result high density urban blocks with a continuous outline along the street
network (Pantazi, 2010). This as it is called “continuous building system” was first
appeared in the period of 50°s till the 90’s and resulted in the creation of attached
buildings side by side forming united street facades. Consequently, the 30% of the
uncovered space was always left at the rear part of each plot without having an
important use. The addition of these “leftovers”, named after the urbanist as urban
voids, created atype of inner-block courtyardsin providing daylight to the rear facades
of the apartments and without any social character and use (Kapsali, 2012). Another
important feature of the Greek urban blocksisthe accumulation of theflat roofs of each
building. Although, they are mostly used as space for maintenance and they lack any
design touch, the roof level provides an extensive layer in the city with great

environmental and social potential (Vlachou, 2011).
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In Figure 2.7. can be show the two main urban block typologies!® that can found
in the city of Athens where this study is focused on and it is visible the high layout

uniformity and continuity.

Figure 2.7. On theleft the rectangular typical urban block typology and on the right the square
typology. Source: Tsagkalidou Olga, Microclimatic Studies in the Greek Urban Environment:
A Case Stuty in Thessaloniki 2015, main source: Google Earth

2.2 Geographical, geometrical and dense analysis of the AMA
To classify, organize and analyze the different density encountered in the

Athens Metropolitan Area, apreliminary survey on the different urban districts hasbeen
conducted by visiting, measuring and analyzing the different areas, suburbs and
periphery in the Attica Region. The subsequent categorization of results deriving from
this ethnographic observation has shown that even if all these contexts belong to the
same “system”, different densities, different urban textures and morphologies can be
found in the urban region of Attica. Obviously, they are also characterized by different
climatic data, orientation and other factors. at the urban scale, but the territorial
morphological asset of the natural boundary conditions around the Athens Metropolitan
Area (AMA) isthe main causes of the different climatic conditions within the different

parts of the city, asit will be shown in the following chapter.

Inthispreliminary classification, six main areas have been selected to explicate

these different urban textures and morphologies. Different zones in the north, south,

13 Accordi ng to the description of the spatial characteristics from Vlachou (2011) and Vogiatzi-Tamba (2009), in Athens, the
Square Block’s dimensions vary from 40-50 m, the H/W ratio ranges from 0.75 to 2 and the void percentage is around 6.5 - 25 %
of the total block area. The Rectangular Block’s dimensions is approximately 40 — 50 m by 80— 100 m, the H/W ratio ranges from
0.2 to 0.4 and the void percentage is 10 — 28 %. The average building height mainly seen in Athensisup to 5to 7 stories. In the
city center could reach up to 9 stories, according to the density
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center, east and west of the Athens Metropolitan area have been studied. Figure 2.8
reports a scheme of the typical urban texture in the AMA. All areas are represented, in
the same scale, in a graphical map, indicating in black the built area and in white the
streets, while in light grey are the open spaces. It is evident the difference in density
and the presence or mainly the absence of green areas and open spaces. More degraded

could be characterized the areas connected to the city center and the west suburbs.
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Figure 2.8. Main urban textures in the Athens Metropolitan Area, from the least to the most
dense (left to right: KifisaNorth), Glyfada(South), Ag.Paraskevi(Nort-East),
Ag.Varvara(South West), Peristeri(West), Center of Athens)

Urban density, in its various and different definitions, is the basic tool of the
urban zoning; it is conceived as the most diffuse and necessary tool to shape cities,
imposing an order on the urban development, and regulating future growth. In acity as
large and as eclectic as Athens, zoning regulations are crucial to preserve the existing
built environment and, at the same time, foster potential innovative new devel opments.
In large cities and metropolitan areas, zoning provides specifications on end-use and
size of buildings, contributing to the characterization of diversity of the many

neighbourhoods that constitute the city*.

As discussed, Athens has been characterized by an uncontrolled growth of
massive and quitetall buildingsin the early 20" century, due to theimproved building’s

techniques, like the extended use of reinforced concrete structures, the sudden

14 Different classes can be based on the discrete values (strong, medium, weak) of three parameters in urban planning: building
continuity (continuous, medium, discontinuous), surface density (strong, medium, weak), building height (low, medium, high).
The surface density is the ratio between the surface of the buildings at the ground level and the surface of the concerned area. A
strong building continuity indicates that buildings predominantly structure urban spaces. Adjacent buildings, streets and artificial
pavements cover more than 80% of the area. Vegetation is scarcely used, except in linear arrangement. A building discontinuity
indicates that buildings and artificial pavements covers with discontinuity large spaces. Vegetation surfaces coexist with mineral
spaces. The use of discrete values implies to get threshold values. Main used parameters are: BUILDING CONTINUITY
(Discontinuous: isolated buildings; Means: some group of adjacent buildings;, Continuous: linear or block arrangement);
SURFACE DENSITY (Weak: less than 15%; Means: from 15% to 30%; Strong: more than 30%); BUILDING HEIGHT (Low:
from one to four floors; Means: from five to 10 floors; High: more than 10 floors). Threshold values may be adjusted or modified
to take into account various urban contexts. To limit the study of thiswork and to fit the correspondence with the Athens area study
case we will mainly deal about downtown urban fabrics characterised by medium and strong density, continuous, medium-high
height.
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enlargement of housing demand, in turn given by the continuous increase of
population?®,

The urban density in aresidential area can be calculated in different ways, but
the most usual are essentially three. The first is the ratio between the number of
residential units and the urban horizontal surface; then is the ratio between the number
of inhabitants and the urban horizontal surface and last but not least is the ratio between

the residential surfaces and the urban horizontal surface.

Although the first method is the most commonly used from urban planner in
new developments!®, it presents the disadvantage to be strictly dependent from the
actual destination and use of the specific buildings. The second ratio index is used by
landscape designers, geographers and infrastructures’ engineers, since it is extremely
useful in the calculation of the environmental urban load in a specific built context and
the consequent dimensioning of its infrastructural network systems. Figure 2.9 shows
the population density of the 6 representative selected urban districts in Athens. There
is a coherence between this figure and figure 2.8, comparing the density of the urban

tissue and the amount of habitants per square kilometre.

5 Half a century later, a Modern emphasis had grown over public plazas and open spaces in general. Moreover the new car-based
society required new spaces for parking. Therefore the next release of the Zoning Resolution included car park requirements and
bulk regulations and provided extra floor bonus incentives for the creation of public plazas. Nowadays the Zoning Resolution is a
planning tool constantly updated by large cities, with some main focuses like promoting mixed uses, keEPhng the city streets
vibrant, and generating zoning for special districts, to enhance the character of special neighbourhoods.

16 It is especially used from Spanish urban planners and architects (M ozas and Fernandez, 2002).
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Peristeri= 14000 hab./sq.km = Kifissia = 2000 hab./sg km

@ Ag.Paraskevi = 7500 hab./sq.km

F- Athens center= 17500 hab./sq.km
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1000 - 4000
5000 - 8000

Ag.Varvara= 10000 hab./sq.km_ -
9000 - 12000
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Fig. 2.9. Density of Population in six representative districts of Athens

The third ratio which is globally known as the Floor Area Ratio., FA.R, is
indicated as a measurement to identify the density of a region (Reale, 2008). This
indicative number is calculated by dividing the total sum of the square meters of al the
built surfaces by the square metres of the total urban open area referred to the previous
measured block of buildings. F.A.R. is one of the more commonly used indexes by
urban planners and designers. In fact, in the zoning resolution, the Floor Areais defined
as the sum of the gross areas of the severa floors of a building or buildings, measured
from exterior faces of exterior walls or from the centre lines of walls separating two
buildings. Even if it does not provide information of the functional use of the urban
surfaces (public spaces, services, real occupied dwellings, etc.) it represents the more
effective ratio to express the numerical incidence of the existing volumetric formsin
the built environment. In detail, F.A.R. with an indicator below 1 represents a low

density area, an indicator from 1-2 refers to a medium zone and above 2 it indicates a
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high/very high urban density?”.In some cases, like Athens F.A.R. could be around 3 or

even more a situation that indicates a zone that is considered extremely high.

In other terms, the Floor Area Ratio (FAR) is the total floor area on a zoning
lot, divided by the lot area of the same zoning lot. In other words, it is the ratio of a
building's total floor area (gross floor area) to the size of the piece of land upon which
itisbuilt. Thisvalueis often used in the zoning regulative tool for the different zoning
district and it can also refer to limits imposed on such aratio. The floor arearatio can
be used in zoning to limit the amount of construction in a specific area. For example, if
the relevant zoning ordinance permits construction on aparcel, and if construction must
adhereto a0.10 FAR, then the total area of all floorsin all buildings constructed on the
parcel must be no more than one-tenth the area of the parcel itself. The correspondent

formulais:

e Total area of all the buildings' floor or total gross floor area
B Total area of the urban plot

The floor area of a building usually does not include secondary structures like
cellar spaces; elevator or stair voids, accessory water tanks or cooling towers, attic
space providing structural headroom, floor open space or roofed terraces, bridges,
breeze ways or porches, floor space used for mechanical equipment, the lowest story of
aresidential building, floor space in exterior not enclosed balconies and further more

areas in categories like the ones mentioned above.

It isinteresting taking into account the peculiarity thisindex has. For example,
if the area of the plot is 100 square meters and an area of 100 square meters of gross
floor area has been built on the plot in a four floor structure. In this case a foor floor
building with 25 square meters each floor are built on a site of a total of 100 square
meters. The resulting FAR according to the formula pre-mentioned will be 1.0. Thus,
the same FAR could have been obtained in the different following options as for

example a one story bulding covering the 100% of the plot or a four story building

¥ A FAR of 1.5isquite high, although this density is not unusual in historical city centres like Florence, Venice or central Paris,
and is considerably exceeded in most of Manhattan. It requires 4-story buildings and narrow streets with limited interior courtyards.
Higher buildings would leave more room for streets and gardens, but they are hardly present in the old historical centres of the
cities.
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covering the 25% of the plot. As a result both situations would give a FAR 1 as
according to the formula for thi first would be expressed as. (100/100= 1.0) while for
the second case : [(4 x 0,25)/100= 1.0].

Conseguently, a same resulting FAR does not always refer to a similar urban
context as it can express as it was proved earlier, either a single-story building
consuming the entire allowable area in one floor, or a multi-stories building that rises
higher above the plane of the land. In this second case, the building will consequently
resultin asmaller footprint with respect to asingle-story building of the sametotal floor

area.

Notwithstanding the manifest degree of approximation of the FAR, which
disregards important other parameters, like height, width, or length, it is important to
notice that the floor area ratio well correlates with other factors relevant to zoning
regulation, such as the total parking area that would be required for a public building,
the total number of units that might be available for residential use, total load on
municipal infrastructural services, etc. In fact, the amounts of these other important
urban parameters are nearly constant for agiven total floor area, regardless of how total
gross floor area is distributed in parallel and/or perpendicularly with respect to the

ground level.
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Figure 2.10: FAR (Floor Area Ratio) in six representative districts of Athens

In figure 2.10 it is indicated the FAR of the selected six representative urban
zones of Athens. Itisnoticeable how denseisthe centre of the city asthe FAR measured
is much more above 3, which is an indication of a zone that is considered extremely
high. Peristeri which belongs to the west suburbs, also belongs to the dense areas of the
urban tissue of Atticaregion, while Agia Paraskevi, an east located suburb, which as a
size could be compared with Peristeri in fact has way lower FAR and also half of the
density of the population.

Nevertheless, the form is the “genetic code” explaining the rel ationship between
the building and the urban microclimate and disregarding the shape of urban fabrics,
the way the “define their borders” with the outdoor spaces would imply a macroscopic

misstep.

As a matter of fact, two basic parameters are fully related with the form of the
building envelope with respect to its surrounding open areas and the way they

collaborate and are attached to one another.
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These factors mainly are:

) the compactness of the buildings and building blocks, which will be
further analyzed

i) and the ability of structures to exchange air

In further detail, the factor of compactness as mentioned before, has a
significant role and has to be considered for the urban character understanding. It is
usually expressed as the ratio of the measured external area of the building to volume
(Ae/V). The compactness is measured by the ratio of the total surfaces of external
envelopes (Ae) and the total volume (V) of the buildings or consecutive building
blocks. The surface mentioned includes the floor of the ground level, while wall-to-
wall surfaces between adjacent buildings should be excluded. As aresult, at the urban
level, outer surfaces connected with a similar neighboring house will not be included

(no heat exchange between thermal zones assumed at the same indoor temperature)*®.

A cross section of building blocks and different densely built urban areas in the
major parts of Athens has been chosen. Overall, we compared in the main different
urban contexts characterized by different population per km? as reported in Figure 2.9.
Within these main urban areas, afurther sub-division has been identified to extrapolate

areas with homogeneous textures.

'8 The surface-area-to-volume ratio has physical dimension L-1 (inverse length) and is therefore expressed in units of inverse
distance. As an example, a cube with sides of length 1 cm will have a surface area of 6 cm? and a volume of 1 cm?. The surface to
volume ratio for this cube is thus given by the following formula: SA: V=6 cm? / 1 cm®= 6 cm™. For a given shape, SA'V is
inversely proportional to size. A cube 2 cm on aside has aratio of 3 cm—1, half that of a cube 1 cm on a side. The basic geometric
forms have different ratios: the ball is 4.83 cm, the cube, as shown is 6 cm?, apyramid 7.21 cm™.
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Figure 2.11. Left: an example of ““homogeneous areas™ at the large urban scale within the
Athens Central Area; aerial view (above) and zenith view (below) within the homogeneous
digtrict. (Source: Ferrante 2016, re-elaborated by the author)

With the use 3D representation the compactness of these “homogeneous”
districts was compared by using the Ae/V ratio for different urban block types. Results
are shown in Table 1, a concentrated table referring to all factors mentioned above in

order to have a complete image of the different urban zones.
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AM'Z.S s_elected Inhabitants/sq.km | FAR (AelV) 3D model
Istricts
Kifissia (North) 2.000 0,40 0,28-0,68
=
=%
o <o
-8
Glyfada (South) 3.200 0,39 0,33-0,63
Aghia Paraskevi (North
7.500 1,45 0,38-0,59
East)
5%
© & Aghia Varvara(South-
=0 10.000 1,05 0,28-0,43
west)
Peristeri (West) 14.000 1,99 0,27 -0,45
=
52
Tz Center 17.500 4,66 0,27

Table 2.1. Different densitiesin the six selected representative urban districts

As observed, being the ratio between the envel ope surfaces and the volume a
building type depending index, a large range of Ae/V ratios’ variations has been
recorded in similar homogeneous districts. As an example, in the elegant district of
Kifissia, north of Athens, both detached houses, villas and residential apartment
buildings’ blocks are present, thus resulting in the co-existence of houses and urban
blocks form very porous to highly compact. On the other side, a similar variation has
been encountered in the opposite case of the central Athens area. In fact, given the
typical consecutive shocks and discontinuitiesin the urban landscape of Athens, alarge
set of envelope areato volumeratio (Ae/V) has been recorded in the same homogeneous
district of downtown Athens. Here, if al classical blocks from the last century have a
ratio lower than 0,5, the juxtaposition of higher building blocks with lower buildings -
either historical or new- increases the amount of external envelopes’ surfaces. Theratio

of the irregular morphologies ranges from 0,24 in high dense and homogeneous urban
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courtyards up to 0,58, reaching values which are comparable to low-dense urban
districtslike Kifissia and Glyfada. (Ferrante, 2016)

Once again, the articulated geometry and the urban morphology depicted in the
urban environments of the Athens metropolitan area has highlighted the need for amore
detailed, case-study based, exploration of selected urban geometry in localized rea
urban environments. In the following paragraph additional considerations are discussed

to finally identify two potential case studies.
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2.3. Proposed and measured rehabilitation procedures on the street
level in the center of Athens.

According to Erell et a, 2011, in order to describe the density and the physical
properties of the city which affect the local microclimatic conditions, quantifiable
measures should be considered. One of most common “spatial unit” that is used by
urban planners and physicistsin order to identify the urban character of an areaand its
climatological conditions is the urban canyon. There are three main factors that define
its geometry and there are (i) the ratio height to width (H/W), (ii) the orientation and
(iii) the Sky View Factor (SVF).

The first one is the proportion of the average building’s height in comparison to
the width of the street. The second one is the direction of the urban canyon according
the orientation and usually is measured in degrees and last the SVF is simple the sky
dome that is visible by a point at the street level

From Figure 2.12, it is visible the connection between the H/W ratio and the sky view
factor. It is documented that the higher the H/W ratio the less the SVF consequently
leading to arestricted viewable sky from the ground. Cheng et a (2006) found out that
a random city layout compared to a more uniform one is more favorable in terms of

‘ground openness’.
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Figure 2.12. The relation between the height-to-width ratio and the sky view factor in a
rectangular courtyard. (Source: Erell et al, 2011)
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In addition, wind speed and direction are extremely variable in urban canyons
(Santamouris et a, 2001). In general, the wind speeds of the urban could be affected by
local geometries and micro-scale elements that eventually may result to higher wind
speeds (Erell et al, 2011).

Experiments in the Athens central area have been performed (Ferrante et a.,
1998) in ten different canyons presenting different layout, orientation, anthropogenic
heat and vegetation. These measurements have been performed taking into account the

surface temperature'®, air temperature®® and wind speed?®..

To evaluate the energy saving potential of green and passive techniquesin these
urban environments considering the specific urban restrictions presented in the AMA,

two different rehabilitation procedures have been considered:

1) Passive technological measures related to the envelope of the buildings in

existing dense urban areas close to the main circulation axes;

2) Passive technological measuresrelated to the envel ope of the buildings added
to (alternative) use of outdoor green spaces, courtyards and pedestrian streets
like zones that tend to improve the microclimatic existing conditions in urban

areas,.

A climatic conscious design of outdoor spaces as well as an appropriate use of
natural components are key elementsto reduce the effect of the evolution of urban areas
where impermeable surfaces, uncovered landscapes and air pollutants produce higher

summer temperatures and unhealthy life conditions.

19 Surfaces receive short wave radiation as a function of absorptivity and exposure to solar radiation, receive and
emit long wave radiation as a function of their temperature, emissivity and view factor, transfer heat to or from the
surrounding air and exchange heat via conduction procedures with the lower material layers. Surface temperature
measurements performed from the bottom to the top of both facades of the canyon using a step of 3-3.5 m. Additional
measurements have been performed in some cross sections of the canyon where different materials are used. All
measurements have been performed from the street level. Temperatures of pavement, road and 5 additional points
along the width of the canyon were measured.

20 1t is worthwhile remembering that temperature of the external materials in a canyon is governed by its thermal
balance. The thermal balance of a surface in a canyon can be expressed as follows: Q*= Qn+Qc; Where Q* is the
net radiation, Qn represents the convective heat exchanges and Qc are the conductive heat exchanges with the
substrate.

21 Wind speed measurements by means of a three-axis anemometer to measure the three components of the wind
speed inside the urban canyons.

50



Energy and architectural retrofitting in the urban context of Athens

Courtyards, streetsand outdoor spaces (even if reduced to the shell and envelope
of the buildings within existing thickly-built urban areas) can be re-designed by using
natural elements (water, green) to improve urban conditions in relation to both

microclimate and reduction of pollutants.

The architectural rehabilitation design, by making use of passive cooling
techniques like water, appropriate planting and vegetation, proposes alternative
scenarios in the main canyons to improve thermal comfort conditions and decrease
pollution loadsin high temperature in the central Athens areas. The proposals are based

on the following strategic objectives (iii):

i) Promotion of all forms of passive natural devices according to the potential effects
on minimalizing the localized pollution problems and to enhance urban
microclimate. The first step to avoiding problems of poor air quality is to reduce
pollution at source by improving efficiency and extracting pollutants. The next step
isto ensure that unavoidable pollutants are dispersed safely. A planning strategy to
minimize pollution impact is to provide spatial separation of environmentally
incompatible activities. Where open spaces and buildings are naturally ventilated,
ensure that ventilation air is drawn from a source clear and green;

i)  Maximum increase of permeable surfacesin the outdoor spaces,

i)  Improvement of natural cooling, reducing solar heat gains both in the open
spaces and on the building's facades (allowing protection for south east and south
west facades by means of shading device systems and "natural filters'). The
evaporative and transpiration cooling effects of plants are used to pre-cool
ventilation air, both for the buildings and the open spaces. As shown, dense
vegetation furthermore helps to filter particlesfrom air;

iv) ensure CO2 absorption by plants and urban pollutant dispersion by natural
ventilation and night cooling.

In the rehabilitation procedure in different canyons, specific proposalsinvolved
canyons with different geometrical features, orientation, types of buildings have been

hypothesised. In brief, the following strategies have been proposed:

1 Provide spatial separation between polluted areas and open
public spaces by means of green pedestrian streets These main streets,
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rehabilitated by trees, permeable pavements and watercourses, will provide

evaporative cooling and ensure clearer air free of noise and cars;

2. Ensure openings from internal courtyards (where a higher
portion of fresher and cleaner air is supposed to be available) towards open

spaces and buildings' facades,

3. Increase as much as possible permeable surfaces on the

pavements;

4. Provide shadow and filter for the buildings facades (especially
the south-west and south-east oriented ones) by means of selected passive

techniques such as pergolas and winter gardens;

5. Creation of planted roof gardens on the bare roofs of the

buildings and shaded roof gardens under-planted with shade tolerant plants.

To sum up, the obtained results and the rel ative mutual comparison clearly indicate that:

- the air temperature inside the canyon is much lower than the film air

temperature and the surface temperature on the south-west oriented facades,

- the air temperature in the middle of the canyon is strictly influenced, governed
and improved by the presence of green -green line - (which acts as the prior
microclimate modifier), while the proposed shading devices do not seem to effect so

importantly the air temperature inside the canyon;

- the air film temperature in the south-west facade as well as the surface
temperature distribution are very lower in the theoretical shaded scenario - than in the
initial one, while, as expected, the presence of green does not influence the surface
temperature distribution on the fagades of the building.

As a whole, this research study (POLIS, Ferrante) has demonstrated that the
redesign of urban surfaces (both in relation to the building envelope and the ground
level like streets, courtyards, squares, etc.) acts asthe prior microclimate transformer of

urban conditions and can deeply improve outdoor air climate and quality.
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Nonetheless, the positive effects of each different scenario, as smulated so far,
seem to address specifically and differently the various climatic parameters inside the
canyon. But, asamatter of fact, the energy potential of proposed architectural measures
cannot be analysed separately from an overall comprehensive investigation addressing

the combination of the building with the surrounding urban boundary conditions.

2.4. Summer heat idand in Athens, definition of the most critical
areas as case study

In the context of the heat island research, the city of Athens represents a highly
significant pilot study. Here, increasing urbanization and deficiencies in development
control in the urban environment have important consequences on the thermal
degradation of urban climate and the environmental efficiency of buildings in the
Athens metropolitan area. As a consequence of heat balance, air temperatures in
densely built urban areas of Athens are higher than the temperatures of the surrounding

rural zones.

Aswill be shown in this paragraph, in Athensthe urban heat idand (UHI) isthe
foremost threatening issue affecting the energy demand and the comfort conditions in
the built environment of the area. But Athens climate also presents a significant heating
demand in the winter period, when will be considered the total energy demand of
selected representative areas. In this context, it is important to observe that although
Athens presents winter temperatures that are milder with respect to the severe winters
of Northern Europe, it also has a significant heating demand in cold winter season??.
January ison average the coldest month in, with usual temperature around 10°C (50°F),
while the average low temperature is 7°C (45°F), and the average high is 13°C (55°F).
The lowest ever recorded temperature in Athens in January is -2°C (28°F), while the
highest ever recorded temperatureis 21°C (70°F). Asacombined result of the economic

crises and energy demand in winter, a high part of the low income population has been

22 Athens has a subtropical Mediterranean climate (according to the Képpen Classification) since it receives just
enough annual precipitation to avoid Kdppen's semi-arid climate classification. The dominant feature of Athens's
climate is alternation between prolonged hot and dry summers and mild winters with moderate rainfall. In fact,
rainfall occurslargely between the months of October and April (average of 414.1 millimetres of yearly precipitation
has been registered. July and August are the driest months, where thunderstorms occur sparsely once or twice a
month. Winters are mild and rainy, with a January average of 8.9 °C (48.0 °F). Snowstorms in Athens are generally
infrequent (even if more frequent in the northern suburbs of the city) and can cause disruption when they occur.
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found unable to cover the housing energy needs and livesin temperature conditions that
are heavily outside the comfort limits®® (Santamouris et al., 2014).

Thus Athens has to be considered as a highly representative case study for
energy demand conditions, ranging from significant heating needs and high cooling

demand in winter and summer seasons respectively.

Data compiled by various sources by Ferrante (1997) and surveys performed in
Athens on the HI intensity -involving more than 30 urban stations- show that during
hot summer seasons urban stations present temperatures that are significantly higher
than the ones recorded in the comparable suburban stations (the gap varies from 5 up
to 15 °C). As a conseguence, the cooling load of reference buildings in city center is
about twice the value of equivalent buildings in rural areas. Previous research work
developed within the frame of the research project POLIS in Athens (Ferrante et d.,
1998) have showed some appropriate procedures to design the use of natural
components —such as green roofs and pedestrian permeable surfaces - within urban
canyons. The design of outdoor spaces -even if reduced to the envel ope of the buildings
because of existing urban constraints within thickly-built urban areas as well asthe use
of natural components have been regarded as key means to improve urban conditions
in relation to both microclimate and reduction of pollutants. By ‘making-up’ the
building’s surfaces and elevation facades with green components or shading devices,
four different scenarios have been proposed in four different urban canyons in Athens
downtown. Experimental software research models have been used to quantify the
positive effects of these selected passive techniques. Obtained results clearly indicated
that outer surfaces’ alternative design acts as prior microclimate modifier and deeply
improves outdoor air climate and quality (up to 2/3 °C reduction in ambient
temperature) (Santamouris, 2001). Other significant physical factors in the thermal
performance of urban environments are wind flows and air circulation (Santamouris et
al, 1999), (Ricciardelli et al., 2006) as well as air stratification within urban canyons

23 For the whole period of the study (Santamouris et al., 2014), climatic data on the outdoor environment were
provided by the National Observatory of Athens. The minimum temperatures were recorded during January 2013,
(0.9° C), while the corresponding minimum for December was 5.6° C. The average temperatures for December and
January were 11.1°C and 10.5°C, respectively.
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and open aress. It is clear that the Heat Island effect and the microclimatic conditions
typical of open urban canyons appear to be strongly influenced by thermal properties
of the materials and components used in the buildings and on the streets (Bitan 1992,
Buttstadt et al., 2010).

The comparative research carried out by GRBES, the Research Group on
Buildings Energy and Environmental Studiesin the University of Athens, demonstrated
that the use of cool colored materials (Synnefa et al., 2007) and thermo-chromic
building coatings can contribute to energy savings in buildings, providing a thermally
comfortable indoor environment and improved urban microclimatic conditions
(Karlessi et al., 2009). Thus, morphological and spatial geometry of the urban textures,
the thermal properties of surface coatings and green surfaces have a strong potential on

the energy performance and cooling demand reduction in urban settings.

Athens is subject to a strong and predominant “heat island” effect with seasonal
temperatures raising (5-7 °C) especially concentrated in the higher densely populated
areas of the city center. Here, the moderate sized buildings of the suburbs have been
progressively substituted by prominent structures, both considerably high and massive,
generally squat and heavy, with a reciprocal proximity which alters the winds’ flow and
further increases soil sealing and heat accumulation. While mitigating the winter cold
season, the morphological configurations of the central Athens area leads to a drastic
climate change during hot summer period, generating extreme high temperatures and
consequent hazardous health conditions. Of course, this effect also undermines the
energy use; in particular, it negatively affects the cooling need and the same
performance of the cooling systems since in the maximum temperatures, the chillers
and systems’ performance may decrease up to a quarter compared to the average

seasonal efficiency.
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As reported by Founda (2011), the urbanization of Athens and its effect on the
temporal variation of air temperature have been stressed by many researchers, even in
very early studies concerning climatic changes of the city. Most studies carried out up
to the late 1980s identified the urban heat island effect on the minimum rather than on
the maximum temperature (Arseni-Papadimitriou, 1973; Katsoulis and Theoharatos,
1985; Katsoulis, 1987). The urban heat effect is reported to be more pronounced in
winter and is related to the heat produced by human and anthropogenic activities,
especiadly in the evening hours, whereas mean and maximum temperatures are
supposed to be less affected by the urban effect due to the influence of the sea breeze
(Katsoulis, 1987). In more recent studies, however, it has been reported that the urban
heat island effect is manifested mainly in the daily maximum temperature, which has
increased significantly during the summer since the mid-1970s (e.g. Metaxas et al.,
1991; Philandras et al., 1999; Founda et al., 2004, 2009; Mihalakakou et al., 2004).

Climatic measurements from almost 30 urban and suburban stations as well as
specific measurements performed in 10 urban canyons in Athens, Greece, have been
used to assess the impact of the urban climate on the energy consumption of buildings
(Santamouris, 2001). It isfound that for the city of Athens, where the urban heat island
(UHI) intensity exceeds 10 °C, the cooling load of urban buildings may be doubled, the
peak electricity load for cooling purposes may be tripled especialy for higher set point
temperatures, while the minimum COP value of air conditioners may be decreased up
to 25% because of the higher ambient temperatures. Regarding the potential of natural
ventilation techniques when applied to buildings located in urban canyons, it is found
that, mainly during the day, thisis seriously reduced because of the important decrease
of the wind speed inside the canyon. Air flow reduction may be up to 10 times the flow
that corresponds to undisturbed ambient wind conditions. Thus the UHI in Athens was
found to have a stronger effect on the daily maximum summer temperature (up to 10-
15 °C for urban and rural/suburban regions); (Santamouris, 2001; Santamouris, 2007,
Livadaet al., 2002).
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Using an ensemble of regional climatic scenarios, Founda and Giannakopoul os
(2009) have illustrated that, by the end of the century, maximum and minimum summer
air temperaturesin Athens are expected to increase by approximately 4 °C with respect
t0 1961-1990. It is also reported that the exceptionally hot summer of 2007 is likely to
be the ‘normal summer’ of the period 2071-2100.

Many are the studies, the measurements and calculations in the AMA that
confirmed the existence of a strong Heat Island (HI) phenomenon (Mihalakakou,
Flocas, Santamouris, & Helmis, 2002; Mihalakakou, Santamouris, Papanikolaou,
Cartalis, & Tsangrassoulis, 2004; Santamouris, Mihalakakou, Papanikolaou, &
Assimakopoulos, 1999).

The association of the Heat 1sland (HI) with synoptic climatic conditions have
been identified (Livada, Santamouris, Niachou, Papanikolaou, & Mihalakakou, 2002)
and the influence of the surface temperature and wind conditions have been analyzed
in literature (Papanikolaou, Livada, Santamouris, & Niachou, 2008; Stathopoulou et
al., 2009). In parallel, the impact of various mitigation techniques involving cool and
reflective materials has been identified (Doulos, S, & Livada, 2001; Karless,
Santamouris, Apostolakis, Synnefa, & Livada, 2009; Synnefa, D, Santamouris,
Tombrou, & Soulakellis, 2008; Ferrante et al., 1997, Santamouris, 2001, 2007, 2010,
Giannopoulou et a., 2010). As already stated, all performed research studies on this
subject -referring to the ‘urban HI intensity’ as the maximum temperature difference
between the city and the surrounding area- demonstrate that the Athens Metropolitan
Area (AMA) represents a highly significant pilot study: during hot summer seasons
(corresponding to the HI upper limit during) urban stations present temperatures
significantly higher than the ones recorded in the comparable suburban stations (the

gap variesfrom 5to 15 °C).

Furthermore, a detailed statistical analysis of the heat island characteristics and
distribution in the greater Athens area has been carried out (Giannopoulou et a., 2011)
using temperature data of 25 stations distributed on the city.
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The presence of the mountains Egaleo at the western part and Parnitha at the
northern part and al so of the mountains Penteli and Hymettus at the northern and eastern
parts correspondingly, act as the magjor natural obstacles at the territorial scale, since it
is a barrier against the north winds which dominate during the summer period at the
Athens area (Etesian winds). In the analysis it is concluded that the higher air
temperature values were found firstly at the western part, mainly due to the combined
effect of industrialization and poor ventilation given by the territorial natural obstacles
before mentioned. Secondly, high temperature values have been found at the center of
Athens, due to the traffic and anthropogenic heat as well as to the presence of
continuous impermeable surfaces and densely built areas. Conversely, lower values
were found at the northern and the eastern part of the greater Athens area (Tables 2.2
and 2.3). According with those results it can be concluded that HI intensity presentsits
maximum concentration in the center and the western part of Athens area, with up to

5° C with respect to the minimum val ues.

Area Station June July August

Center of the city [ Athens Univ. 339 + 265 35.1 = 2.95 319+ 1.96 ]

Northern part N. Erythrea 308 & 279 324 £ 116 314+ 263
Ano Liossia 31.6 £ 2.97 338429 320+ 2.10
Kamatero 336 = 261 353310 321+ 217
N. Philadelphia 300 + 235 326+ 239 3.1+ 152
Maroussi 296 + 2.47 320+ 219 30.2 &+ 1.48
Mean 31.12 & 2.980 33.23 + 2994 3136+ 2.114

Eastern part Zografou 306 + 2.54 324 £ 255 306+ £178
Kessariani 324 £299 338+ 290 315+£233
ilioupooli 320+ 247 340 = 269 Ns5x173
Byronas 327+ 279 35.1 £ 271 335+ 205
Agia Paraskevi 28.1 + 1.84 310+ 203 307 + 147
Mean 3147 + 3.027 33.25 £ 2930 3157 £ 2.146

Southern part Glyfada 295 + 267 N28+21 326+ 129
Renti 31.7 + 3.82 359+ 290 36.2 + 1.82
Elliniko 30.2 &+ 3.57 346+ 270 359+ 158
Kallithea 320 + 361 350 + 2.12 336+ 163
Mochato 329 + 338 359 + 1.85 345+ 131
Mean 31.27 + 3.608 34.84 + 2.606 34.57 + 2.503

Western part Korydallos 30.4 + 2.41 33.1 + 2.12 31.2 + 1.58

I Agia Varvara 320+ 276 342 1+ 231 318+ 1.79 l
aidan E5 8 EEga ) M0 = 155 EELUEY
Egaleo 311 +298 338+ 235 325+ 1.55
'_Eﬂmnm[l 333 5325 3692322 3625 189

Peristeri 328 + 2.62 400 + 436 406 + 437
Thon 323+ 302 345 = 250 342293
Agiol Anargyrol 325+ 323 36.1 = 2.03 34.7 = 267
Zefyri 31.6 + 3.38 353 + 2.82 35.0 + 1.37
Mean 32.13 + 3.065 35.33 £+ 3391 3437 + 3618

Table 2.2. Values of monthly maximum air temperature for all monitoring stations and mean
diurnal and nocturnal temperature differences from the reference station located in the center
of the city during June, July and August. (source: Giannopoulou et al., 2011).
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Area Station June (day) June (night) July (day July (night) August (day) August (night)
Center of the city | Athens Univ 159 6 27 20 164 3 |
Northern part N. Erythrea 93 0 161 1 93 (1]
Ano Liossia 151 1 260 9 167 1]
Kamatero 216 1 294 13 195 1
M. Philadelphia BG6 2 227 13 154 o
Maroussi 102 1 254 T 107 0
Mean +s.d. 1294 1.0 239.2 86 1444 02
Eastern part Zografou 167 2 218 3 117 0
Kessariani 147 2 265 9 142 o
llioupooli 136 5 260 9 155 1]
Byronas 188 11 323 50 282 13
Agia Paraskevi k11 1 173 15 130 1
Mean +s5d. 1338 4.2 2478 172 165.2 28
Southern part Glyfada 66 0 239 13 213 3
Renti 126 5 299 18 298 4
Elliniko €2 1] 27 3 287 i)
Kallithea 140 42 290 23 248 4
Moschato 115 1 339 44 297 13
Mean + sd. 107.8 1.6 288.8 202 268.6 48
‘Western part r 118 3 305 28 177 4
[Agia Varvara 183 6 327 38 197 6 |
Hawdan 167 ] 295 19 198 3
Egaleo 106  J 265 26 223 4
Petroupoli 168 - 299 27 245 f
[ peristeri 210 6 349 24 322 o |
Ilion 174 1 in 13 259 (1]
Agii Anargyri 168 1 334 17 m (1]
Zefyri 149 1 285 8 278 ]
Mean +sd. 1603 44 307.8 212 2444 26

Table 2.3. Number of night time and daytime hours in which the air temperature exceeds 30
°C; (Giannopoulou, et al., 2011).

According to Ferrante ( 2016) concerning the maximum daily air temperature
values, it was found that the differences between the eastern and northern stations
during June and July and also between the center of Athens and the western stations
during July, were not statistically significant. As observed, the northern and the eastern
parts of the Athens area present a similar temperature regime as a result of the high
percentage of green areas and the absence of industrial zone. On the contrary, the center
and the western part of Athens present a similar temperature regime due to the lack of

green, the densely built areas and traffic.

The study of the mean maximum air temperature values for each month and for all the
stations has concluded that during June higher temperatures are recorded at the center
of Athens and also at the western part, while during July and August the higher

temperatures are found at the southern and the western part of the greater Athens area.

In this study the distribution of the value of Humidex (H) has been estimated by
means of statistical methods. Humidex values have been linked to the probability
distribution of the conditions of discomfort (H> 30 H> 40), and the number of hours
that the difficult conditions persist (see table 3).
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From the study of those cases where H > 40, considering the air temperature,
relative humidity and wind speed, it appeared that great discomfort or dangerous
discomfort conditions occur, with either very high air temperatures or lower air
temperature values, in combination with high relative humidity values (Giannopoulou
etal., 2014).

Places June July August
T[*C] RH (%] T(*C) RH (%) 1(=C) RH (%)

I Center of the city 27.0+ 37 40.6 + 145 293+ 34 438 + 12.8 18.1+29 423+ 54 I
Northern part b4+ A1 41.3 £ 129 485+ 41 441 £ 141 I3+ 14 387+ 11.6
Eastern part 268+ 21 419+ 11.2 29.0+ 2.0 426+ 11.6 TT+16 40.6 + £.5
southern part 269+ 25 48.0 + 13.4 29.7 + 1.7 44.4 + 13.8 200+ 1.3 35.2+ 98

I ‘Westemn part 272+ 23 416 £ 131 298+ .0 439 £ 12.5 8.7+ 1.5 32+ E9 |

Table 2.4. Monthly air temperatures and relative humidity in 5 geographical areas of Athens.
(Giannopoulou et al., 2014).

Significant deductions (iii) have been drawn from performed measurements and
consequent comparative results:

- 1) The geographical position of the Athens area and the morphological territorial
assets of its boundary conditions characterized by the presence of the surrounding
hei ght mountains exceeding 1000 m, contributes to the development of high summer

air temperatures in the whole AMA;

- ii) High air temperatures are aso reinforced by the increased urbanization,
industrialization, anthropogenic heat and the lack of vegetation.

- iii) In particular, during July and August, the mean and maximum air temperatures
at the city center and at the western part of the city are much higher than the
corresponding values for the northern and north-eastern part of the AMA.

iv) Furthermore, from the analysis of the mean diurnal and nocturnal air
temperatures in al stations and from the difference between them and the reference
station located at the center of Athens, it is possible to conclude that HI during the
night period is mainly observed at the western part of the city. Thus, the western
Athens Metropolitan Area, together with the central Athens, presentsthe highest heat
island (HI) (see table 2.3).
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DISCUSSION

Athens experienced an intense urbanization over the last century. Thishasasa
result to the formation of a disorganized urban tissue, with the urban block as atypical
urban form and the uncovered space in the middle as one of the main elements of the
urban fabric. The dense context of the city with unorganized open spaces and lack of
green natural spaces resulted to the creation of the heat island phenomenon, affecting
indoor conditions and increasing energy demands, degrading in total the quality of the

living environment.(Stanitsa, 2015)

Thus, this growth of Athens, has led to a myriad of environmental problems.
The high population density, in addition to a significant number of vehicles, hasled to
problems of air quality. Traffic remains congested, as the city was not designed in
antiquity to handle millions of autos and taxi. Garbage disposal is a problematic area,
along with potential pollution of the nearby Aegean Sea. Almost annual forest firesin
the Athens region also affect the air quality.

The Greek government is keenly aware of its environmental problemsand other
problems caused from urban sprawl. The government program to make the Attika
region a sustainable area rests on a comprehensive plan that will have to deal with the
main problematic aspects. Air pollution, Waste disposal Traffic congestion, Noise
pollution, Land use planning, Urban development, Environmental awareness and

Appropriate legislation.

Taking under consideration that in dense cities like Athens the majority of the
urban environment is already built, as a consequence, the analysis, adaptation and reuse
of the existing building mass with the collaboration of the surrounding spaces by acting
as aunique form, isacrucial issue in the upcoming years. Addition of complementary
urban indoor and outdoor space alternatives are needed so as the city inhabitants could
be attached to the social interaction, especially in dense urban contexts such asthe city

center of Athens.
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CHAPTERIIII
EXPERIMENTSON THE OPEN AREASOF THE URBAN
SETTINGSINATHENS: EVRIPIDOU & PERISTERI AREAS

ABSTRACT

Urban climate conditions and the local microclimate has been always affecting
factors for the urban conditions. That is due to their impact on the environment and
energy consumption of the buildings and also to the affect they have on outdoor human
comfort. The configuration of buildings is one of the main factors that influence the
different microclimates in the city. (Tapias & Schmitt, 2014) The understanding and
the manipulation of these conditions of the urban microclimates could lead to the
improvement of urban thermal comfort. Thus, by simulations and experiments, and
their empirical findings supporting and automated tools created, will open a new way
in exploring a new design approach of urban forms according to microclimate data and
the building geometries.

An interaction of the urban model and the building thermal performance, itisa
leading step towards the clarification and better knowledge of the consequences of that
interaction on energy requirements for winter and summer, and even on urban comfort.
Finally, as a second step by focusing at the building scale, a new methodology should
be developed so as to evaluate the impact of the microclimatic modifications in the
building energy demands and the influence of the climatic modifications due to the
urban context, upon the complete building.

This research aims to understand the influence of built environment in
microclimatic variations of the open spaces in the city center of Athens and on a west
suburb, Peristeri, with the intention to identify design strategies for future urban
designers. This chapter is organized in two main paragraphs with the first focusing on
simulations with Envi_Met of both case studies by proposing two different scenarios (
lasit is and 2.use of green and passive techniques) and the second concluding by

comparing and confronting the results.
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3.1. SMULATION IN THE URBAN SCALE WITH THE USE OF
ENVI-MET

Simulation is a process that by imitating a real situation can verify, find or
explain a theory. The design perspective defines simulation as the creation of past,
present, or future scenarios, representing interaction of crucial parameters and

variables.

Itiswell known that modeling abuilt environment project may help to visualize
its future impact and is an important part of responsible design decision-making (Erell,
Pearlmutter, Williamson, 2011). In urban climatology there are three known types of
modeling methods. physical scale models, integrated open-air models, and
mathematical models. Computer programs by simulating the physical environment can
produce a real word environment and we can use this knowledge in order to identify
some situations. However, all types of models need validation, and because of the
deficiency of well-documented high-quality data from field studies, this remains a
major problem for most urban climate models (Erell, Pearlmutter, Williamson, 2011).
In terms of outdoor thermal comfort, there isthe need for a predicting tool by means of
urban climate models and tools. Although people’s subjective perceptions and
responses to the urban environment are various and not yet well understood, simulation
and scenario-testing tools are always of particular importance in an assessment
framework because they provide a platform for the integration of knowledge from
various perspectives and comparisons of various design scenarios (Chen & Ng, 2011).
These support tools can lead the research to identify how changing the design can
influence the microclimate and as a consequence the outdoor thermal comfort. The
general statement of this research is how urban design can influence the microclimate
of an urban environment, people’s outdoor thermal comfort and also if can influence
the energy performance of a building, asit is considered as a whole. Urban tissue and
building envelopes are investigated in the way they interact with each other according
to design changes and the microclimatic data changes. Design regulations and

guidelinesin this respect require comprehensive assessment before they are adopted.
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Thus, city plannersand authorities, when have to deal with thetask of designing
or redesigning urban spaces that are meant to be desirable and used rather than
abandoned, will be better informed with the use of a predicting tool or a strategy that
allows various design alternatives to be compared and tested in terms of effectiveness.
In particular, atesting tool is needed that can provide both quantitative and qualitative
understanding of the connection and interaction among microclimatic urban
environment, subjective thermal behavior, and socia behavior. Such a strategy should
have the ability to process detailed environmental information according to time and

location variations and to generate analytical results to reveal the relationship.

On how our approach in understanding the urban microclimate and apply it in
practice for urban planning it is not an easy task to achieve, as trying to respond to
different criteria of urban microclimate might lead to contradictory requirements.
However, microclimate has an effect on a very broad range of issues encompassed in
the field of urban planning and design. The different effects of urban microclimate in
urban planning and design can be divided into two categories. On building scale the
effect of microclimate on their energy performance and on human scale the effect on
their activity, especially at street level and at the spaces named in the previous chapter
as urban voids.

This research makes use of ENVI-met, an environmental and micro-climatic
simulation software. It represents one of the main instruments of this research,
especialy for the urban scale, as it allows to model urban areas and their physics
behavior and as a result to understand the possible interactions between the different
elementsin the studied zone.

ENVI-met is a three-dimensional computer model which analyzes micro-scale
thermal interactions within urban environments. The software uses input values for
buildings, vegetation, ground surfaces, climatic conditions, soils, and then simulatesthe
modifications from the proposed building form, additional shading, alternative
orientations, etc. Additionally, uses both the calculation of fluid dynamics
characteristics, such asair flow and turbulence, aswell asthe thermodynamic processes
taking place at the ground surface, at walls, at roofs and at plants. It calculates the
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dynamics of microclimate during a two days period. Main prognostic variables of the
program are wind speed and direction, air temperature and humidity, turbulence,
radiative fluxes, bioclimatology and gas and particle dispersion. The basic data

structure of ENVI-met isrepresented in Figure 3.1.

selected input folder {homeNinput {home} {output folderj\(subfolders)
= Global Data
Main Configuration File |
(.CF) - -
Main 3D Qutput Files:
Plant Database | | «+AT... : Atmosphere
[ (PLANTS DAT) ¥ ..FX... : Surface & Fluxes
Area Input File = » Soil Profiles
- LIN) . *|{PROFILS.0AT) L] 1D- Inflow Profile i
defines ' |
- Bulidings | !
- Plants | TR R
Soils Database
- Solls | — B Receptor 1D- Output
- Sources (SOILS.DAT) i - ‘I‘lr:o Series Flesp
- Raceplors - Snapshot Files
[Sources Database]|
N ‘ =_: (SOURCES D AT | +{  Data link to BOTworld
Simulation specific databases | B s
- Plants Output Selection | |
- Soils , SELECT.VAR
- Sources . P
adding to global databases e ENVI-met
Model
: o ML General Data Flow in ENVI-met
Additional databases Mt ».bruse 03
Figure 3.1: Basic data structure of ENVI-met (Source: Ozkeresteci, |., Crewe, K.,

Brazel, A.J. and Bruse, M. 2003)

ENVI-met takes into account all types of solar radiation (direct, reflected and
diffused) and calculates the mean radiant temperature. The calculation of radiative
fluxes includes the plant shading, absorption and shielding of radiation as well as the
re-radiation from other plant layers. (Bruce 2007).
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ENVI-met has two basic steps before the simulation is run. The first is to
organize and edit the input of the urban area to be tested. For this task, the horizontal
and vertical dimensions of the architectural environment are needed and additionally
al the specific design urban features such as open breezeways, overhangs, horizontal
surface materials, ground cover, vegetation size etc. In Figure 3.2 follows an
explanatory diagram of how the input is understood by the software.
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Figure.3.2 Basic layout of the fluid dynamics of the ENVImet model. (Source:
Bruce 2007)

The input is designed in a three dimensional (3D) setting where the buildings,
trees/vegetation, and the various surfaces are placed. These elements are represented
by various size grid cells. The smaller the cell is, the finer the resolution (as small as
0.5 meter). But there is a limit for the design as the grid area can be designed at any
dimension from 0.5 meters to 10 meters. For example, a 100 x 100 meter area can be
represented in a 100 x 100 grid cells of 1 x1 meters each, or it can be represented by a
20 x 20 grid cells of 5 x5 meters each, depending on the size of the test area and the
desired resolution. (Bruse 2007). This stage can be quite complex as the high-resolution
aspects of the program enables the user to go into finer details in smaller scale. Each
time it depends on the envirometal domain that is interested in doing the simulation.
For example an urban planner that will focus on materials and detail design will use a
higher resolution analysis of the model.
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After the input of the area is set, follows the second step which needs detail
information and careful editing. It is called the configuration file, where all the
necessary and important climatic information about the site location, temperature, wind
speed, humidity and also type of soil and vegetation are required. As a further step a
holistic ssmulation of the selected area is processed by using both the input and the
configuration file. All ouput data in order to be visualized and analyzed by the
researcher should be imported and elaborated in LEONARDO 3.0.

3.1.1 Evripidou Urban Setting: measured climatic data and
simulation on the scenario as built and the scenario proposed with
the use of green and passive techniques

Athens by being the capital city of Greece is also dominating the Attica region
with a population (5 millions) that reaches half of the total of the country’s and its
characterized by along history, part of which can be read in its urban formation. The
current formation of the city center is due to the neoclassical plan of Kleanthis and
Schaubert as it was mentioned in Chapter 11, back in 1833. In the contemporary city
fabric, thefirst plan which reflected the neoclassical vision of the Europeans for Athens
as the renaissance of the classical ideal isnot only visible but it has generated the city’s
further expansion towards the suburban areas. Additionally, asit is already stated, this
area along with the suburb of Peristeri present the highest heat island (HI) intensity of
the whole city. For these reasons, especially the dense urban character and for the
intense climatological environment the center of Athens represents one of the most
interesting and challenging case studies of Europe and especially for the Mediterranean

area. (Figure 3.3)
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Figure 3.3: Heat island comparison among various European capitals. (Source:
Alexandri, 2006)

The selected areafor thisresearch, asthefirst case study that will be studied, is
as it is called the “‘commercial triangle’ which is the area around Omonoia square and
its surrounding districts. The choice was based on the historical character, the
importance of this neighborhood as central urban cell and the visible contradictions
between the various -small in size but of major important- surroudning neighborhoods.
This area is characterized of high population density and also urban density as the
streets are very narrow and the buildings very high and dense. Some of the main streets,
axes of this area is Pireus street, Ermou Street, Evripidou and Athinas Street. (Figure
3.4) Among the locals it is called the Geraniou zone or Psirri neighborhood for the
majority of the habitants. This part of the city evidence car circulation difficulties due
to the narrow street design, high traffic and lack of parking spaces. However the
difficulties, Psirri is one of the most visited and active area of the center of Athens;
during the day and all along the weekend shops of retail, wholesale commerce as well
as cafeterias and restaurants keep the traffic on, while during the night the place gets
occupied by people of almost every age and status. There is significant nightlife but
also with the presence of dangerous el ements that generally characterize the center of a

metropolis.
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Figure 3.4. Indication of the center of Athensin the map of Attica and the selected
part of Psirri area.

The urban zone selected as the reference case study of Evripidou is
representative of the dense built historical area in the core centre of the City; more
specifically, the selected areais also enhanced by the presence of many public services
like the Municipal Hall, several Civic and Administrative offices and Central Athens
Market, Varvakios market, which is the main local alimentary market with great
historical importance.( Figure 3.5). Thetotal surface of theareais 105.116 m?, of which
99.607 m? is occupied by buildings and infrastructure, while the remaining 5509 m? are
small green spots and courtyards as fragments between the buildings. The magjorities of
these buildings blocks present one floor for retail at the ground level. The type of
construction period of the mgjority of the area holds back to the 65s and 70s for almost
all buildings with exceptions of some older buildings, dating back to the 40s and some

buildings from the neoclassical period in Athens.
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To simulate the cooling potential of green in the urban setting of Evripidou, a
series of simulations were executed with the use of ENVI-MET by taking into account
the existing situation of the urban compound and as a second step simulations were
executed with the data of a new proposed improved scenario of urban design with

extended use of green, passive techniques, proposal of new surface materials etc.

The main goa here is the investigation of micro-climatic variations linked to
modified parameters and their impact on buildings. The focus of the anaysis is, in
particular in this case study, on the possible replacement of parking spaces distributed
aong the narrow streets with green layers. The possible re-organization of the traffic
so as to eliminate the circulation of the cars from some secondary streets and create
pedestrian streets with the presence of trees and green. The change of asphalt and
cement materials with light pavement tiles proved to decrease the surface temperature.
Re-organization of the main axes (Athinas street) so as to create limited access of cars,
eliminating the parking spots and creating more green surfaces. Re-design the square
of Varvakios market, in order to plant more trees, green surfaces, water fountains and
as aresult create a small local park as a green zone. There is a huge absence of parks
and treesin the area so the ideaiswhere it is possibl e to redesign the urban texture and
to create small green pockets. The same scenario is proposed for the Municipality
square which isin avery small distance from the studied area. As alast step but very
important is the use of the “blind” walls in between the buildings and transform them
into green walls as also the standard roofs with green ones and of the creation of roof
shading systems with the use of photovoltaic system. According to a survey very few

roofs are used as roof gardenstill now in that area.

A packet of simulations has been modeled for this elaboration, based on reliable
standard contest of the urban complex of Evripidou area. Variationsin the 3d simulation
models were performed concerning the addition of green spaces, the replacement of
standard roofs with green ones (from 0 to 100%) and the reorganization of the car
circulation in order to leave open asphalt areas that become, in asecond step, permeable
and planted green surfaces. In addition, one of the most important steps for the

simulation of the new scenario is the creation of roof shading (from 0 to 100%).
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Investigations are focused on the thermal variation resulting at the scale of the urban
contest.

For the model simulations, the area of interest has been transformed in a model
grid cell, with the dimension 90 x 90 x 30 grids with a resolution of 2 m x 2 m x 3m
resulting in atotal area of 180 x180 m in the horizontal extension and 90m in vertical
extension (Figure 3.4 & Figure 3.5). The digital map data for the area was obtained by
google earth but additional surveying took place to correct changes. ENVI-met uses its
own graphic interface, therefore all cartographic information had to be gathered first on
a digital map and then redrawn in ENVI-met‘s own graphic editor for the modeling

language.

Figure 3.4. The Evripidou urban selected area in a 3D Interpretation.
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Figure 3.5. The Evripidou urban compound in the Envi-met 2D digital
Interpretation in the as built (existing on the |eft) and as the alternative scenario
(proposal on the right)

The meteorol ogical input of ayear period (2014) recorded by the urban climate
station in the center of Athens plus a serious of measurements performed by the
university of Athens and the department of Physics (Santamouris, 2014) was applied.
For the ssimulation for both the existing situation and the alternative scenario, it was
selected the hottest day of the summer of 2014 (9 of July) with mean Temperature in
30.1 C while the maximum is 34.7 C. The wind is in southwest direction with an
average speed of 1.1 m/sec.

The lack of green spaces, lack of pedestrian streets, the high temperatures
measured to the ground surface as well the high air temperature plus the indication of
uncomfortable thermal sensation are some of the problematic issues that were evident
in this urban setting and are the main problematic elements that the urban planners have
to consider about. From the first analysis and simulation performed for a period of one
day of the existing situation, the results show the need of action for drastic
measurements to be taken into consideration

74




Energy and architectural retrofitting in the urban context of Athens

In a second step, it is proposed the analysis and simulation of alternative
sustainable scenarios that could help into the improvement of the existing situation and
come a step closer to the main goal of this research, which is the zero energy urban

settings. In a brief these actions that were mentioned above are:

- Addition of trees and green surfaces on the ground level.
- Green vertical and horizontal elements ( green roofs and green walls
- Shading system with photovoltaic elements on the top roofs

- Reorganization of the parking spaces and creation of pedestrian permeable
streets with the change of the material used for the existing pavements

- Local park by the redesign of the square of Varvakios market

It has to be underlined that the redesign of a dense urban area like Evripidou, shows
difficulties and as a result different measures and factors should be taken under
consideration. Main traffic axes (like Athina Street) could not change into a pedestrian
street as a whole. Different approach should be considered and proposed. In this
scenario, Athina street from high traffic is transformed to alow traffic venue accessible
only by public transport. Smaller perpendicular streets completing the context are
transformed in pedestrian street with organized parking plots, green spots and open
public spaces. (Figure 3.6)

The following figures/ maps visualize the model of the area in different
conditions. The results indicated below, refer to the variety of the difference of the
temperature on the surface and also the change of the temperature in different levels

between the two scenarios.
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Figure 3.6. Diagram explaining in basic steps the urban strategy followed for the
simulation
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Figure 3.7. Envi-met: Results of the surface temperature at the ground level at
16.00 pm for the existing situation and comparison with the proposal.
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Introducing parks instead of asphalt areas lead to a fresher air. Temperature
decreases generally in arange set from 0,25 to 1,5°C, locally the difference can be 4 °C
degrees, especialy in the internal courts between the buildings. The addition of trees
and the use of new materials also lead to a significant reduction on the surface
temperature on ground level difference in surface temperatures can be more than 15
degrees. The replacement of standard roofs with green ones does not lead to a
significant variations in temperatures; the maximum decrease is of 0,7°C while with
the existence of shading system in the roof can reach a decrease of 1,2 °C. The use of

experimentations consisted of two brief studies of the area.

For the environmental simulation with Envi-met, the same climatic data and
maps where taken into account. To compare and discuss in further detail here it is
provided the results of the simulation of the combination of all the proposed scenarios.
It was hypothesed that the proposed scenario was executed by adding low vegetation
and trees, adding green walls and green roofs were it was applicable, pedestrian streets
were created and it was proposed a local park replacing the actual square of Varvakios

market.

This stage is used to explore calculation and visualization potentials of the
model plusalso helped the researcher to hypothesize on the certain factors, of the model
itself and of certain characteristic of the urban compound Variations imply a different
microclimatic behavior in the models. Introducing parks and pedestrian streets with the
use of new materials in place of asphalted areas lead to a fresher air. The biggest
decrease was situated at the private courts between the buildings while in general asthe
air temperature was studied in different heights it is shown a decrease of 4%-9% from

theinitial temperatures.
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Figure 3.8. Envi-met: Relative decrease of the air temperature between the two
different scenarios at a height of 4.5m at 16.00 pm.
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By analyzing the previous figures (3.7 & 3.8) it isafact that the temperature of
the surface on the ground level is reduced up to 15 degrees to the mgjority of the area.

Results show high consistencies with previous studies discussed earlier.

Selection of trees and vegetation should be made according to the dry and warm
climate of Athens. Especially for summer period and the center of the city where the
climatic conditions are more particular (high temperatures, dry season, mild wind,
narrow streets, tall buildings). Plantation with big crown was considered to provide
adequate shade but while requiring few water for irrigation. Taller trees seem more
adequate as the leave the level of the pedestrians without obstacle for the circulation of
air. The replacement of standard roofs with green roofs and in combination with the use
of a shading system on the rooftop showed a significant decrease (about 1.5°C- 2°C).

Actually, in the current as-it-is scenario, shade is not provided due to the lack
of vegetation in the area and the free spaces between the buildings. The presence of the
trees is assumed to be increased and enhanced by the redesign of external surfaces,
increasing the permeable surfaces and reducing the asphalt area as much as possible.
There is a significant temperature reduction on the surface of the ground level due to
the use of new materials and the shading provided by the vegetation. By the
measurements around the central building, resulting air temperature reduction is
between 0.9 to 4 degrees, with e mean reduction at 1.2 degrees, while alower reduction
is observed to the west and south part. Although it is noticeable that with the
replacement of the existing square with a park (green area) on the south part of the
building , helped to achieve almost equal reduction as with the north / east oriented

facades.

Based on several studies, temperature reduction in a treed urban environment
can reach up to 4 oC and it depends on the size of the park, the amount of trees and
grass cover in the park and the choice of species. In addition to parks, street trees could
influence air temperature significantly. There is evidence that air temperature beneath
both individual trees and clusters of trees are lower than temperatures in an open area,

at least during the day. Green roofs are an additional means of mitigating Urban Heat
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Island effect. Green roofs mitigate UHI trough removing heat by evapotranspiration,
decreasing heat absorption and also reducing the need for air conditioning. Therefore,
it isconcluded that urban greening is an efficient method in order to mitigate urban heat
island effect and human health consequences of increased temperatures resulting from

climate change and hence, improve quality of lifein urban areas. (Nastaran Shishegar)

81



Energy and architectural retrofitting in the urban context of Athens

3.1.2. Peristeri Urban Setting: measured climatic data &
simulation on the scenario as built & the scenario proposed with
the use green and passive techniques

Modern cities have a number of problems. Residents fled and continue to
fleebefore them out of the city to the suburbs. Suburbs, which are almost aslong asthe
city itself, at the time was the area that is a highly organized buffer between city life
and nature and the countryside. At the same time it was space which eventually subject
turned on or absorbed by the city. Contemporary suburbs, which grew to the size of
comparable cities, cumulate a number of old problems of urban areas, but also produce
new ones, specific to their satellite location, generated by diverse factors, including
development of technology and the expansion of technology. Suburbs are no longer just
for residential areas or small manufacturing and trading distant from the city center.
They are also exclusive industrial areas, parks so characteristic of zoning functioning
in spatial planning no major obstacles to the 80s. Low land prices have become just as
attractive for peoplelooking for aplaceto live and for the industry. In the wake of them
also trade and other services entered a phase of migration from urban centers. In
addition, the development of both the urban and surrounding satellite towns and cities
make less and less urban planning for greenfield and more and more transformation
parameters of existing urbanized environment. Therefore, the suburbs have become,

just as city areas, a conglomerate of areas built and used in a various way.

Peristeri is located in the western part of Athens, as this area along with the center
presents the highest heat island (HI) intensity of the whole city. Is after Kallithea, the
biggest and the second denser suburb of the Attica region.
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Figure.3.10.2. Original map of the area (source: Municipality of Peristeri )
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The blocks of buildings that are the case study of this area, are typical social
housing from the 60’s constructed by pillars and beams, and as a basic structure material
concrete. It is parted by: the 3 tower buildings( marked in blue), the 3 double block
buildings south north oriented (marked in red) and the four east west oriented blocks
(marked in yellow)(see image below). Focusing on urban areas, the proposed research
considers the buildings and the related space as a whole. The urban compound
extension is 37’820 m2, of which 25’713 (68%) is occupied by building construction
and impermeable surfaces (parking areas and streets); the remaining (% 32) isa green
open area. The built area represents the 29% (7’504 m?) of the total impermeable

surfaces.

To simulate the cooling potential of green in the urban setting of Peristeri, a
series of simulations were executed with the use of ENVI-met by taking into account
the existing situation of the urban compound and as a second step simulations were

performed with a proposed scenario of improved sustainable urban design

The main goal here is the investigation of micro-climatic variations linked to
modified parameters and their impact on buildings. The focus of the analysis is, in
particular, on the possible replacement of parking areas with green parks and pedestrian
streets, of standard roofs with green ones, of vertical walls to green ones and of the

creation of roof shading systems with the use of photovoltaic system.

A packet of ssimulations has been modeled for this elaboration, based on reliable
standard contest of the urban compound of Peristeri area. Variations in the models
concern the replacement of standard roofs with green ones (from 0 to 100%) and the
reorganization of the car circulation in order to leave open asphalt areas that become,
in a second step, permeable and planted green surfaces. In addition, one of the most
important steps for the smulation of the new scenario is the creation of roof shading
(from O to 100%). Investigations are focused on the thermal variation resulting at the
scale of the urban contest. Introducing parks instead of asphalt areas lead to a fresher

air (temperature decreases generally in a range set from 0,25 to 1,5°C, locally the
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difference can be 3 °C). The replacement of standard roofs with green ones does not
lead to asignificant variationsin temperatures; the maximum decreaseis of 0,7°C while
with the existence of shading system in the roof can reach a decrease of 1,2 °C.

For the model simulations, the area of interest has been transformed in a model
grid with the dimension 130 x 120 x 30 grids with a resolution of 2 m x 2 m x 3m
resulting in atotal areaof 260 x 240 min the horizontal extension. The digital map data
for the area was obtained by google earth but additional surveying took place to correct
changes. ENVI-met usesits own graphic interface to plot the layout of the area, and its
own configuration editor for the climatic data plus the plants, soils, and sources
databases. Therefore all cartographic information had to be gathered first on a digital

map and then redrawn in ENVI-met‘s own graphic editor for the modeling language.

Figure 3.11. The Peristeri urban compound in the Envi-met 2D digital
Interpretation in the as built (existing on the left) and as the alternative scenario
(proposal on the right)

These databases (soils, plants, buildings, surface materials) are used as generic
types for in the first stage, so a comparative matching to the nearest resemblances are
chosen as for soil, plant and building characteristics. These data can also be localized
and additional plants; soils and sources information can be added to the model. The
outputs are basic 3D information on atmosphere, surface and fluxes and soils. The
meteorological input of a year period (2014) recorded by the urban climate station in

Peristeri plus measurements performed by the university of Athens and the department
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of Physics (Santamouris, 2014) was applied. For the ssimulation it was selected the
hottest day of the summer of 2014 (9 of July) with mean Temperaturein 30 C while the

maximum is 35.7 C. Thewind isin west direction with an average speed of 3.1 m/sec.

The lack of green spaces, lack of parking, lack of pedestrian streets, the high
temperatures measured to the ground surface as well the high air temperature plus the
indication of uncomfortable thermal sensation are some of the problematic issues that
the urban planners have to consider about. From the previous analysis and simulation
of the existing situation, the results show the need of action for drastic measurements

to be taken into consideration.

In this next step, it is proposed the anaysis and simulation of alternative
sustai nable scenarios that could help into the improvement of the existing situation and
come a step closer to the goal of this research, which isthe zero energy urban settings.
In abrief these actions are ( see also figure 12):

- Addition of trees and green surfaces on the ground level
- Green vertical and horizontal elements ( green roofs and green walls

- Shading system with photovoltaic elements on the top roofs

- Reorganization of the parking spaces and creation of pedestrian permeable
streets with the change of the material used for the existing pavements

- Linear park (green roof) on the existing roof of the market

The existing green are is 12.100 m2 while with the proposed scenario will be

21.780 m2, which is almost the double of the present surface.
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Fig. 3.12. The urban compound in existing situation and in the proposed
alternative scenario

Experimentations consisted of two brief studies of the area. The following figures (3.13
& 3.14) visualize the model of the areain different conditions®*.

2 Data of external temperature in the model of the asiit is condition have been verified with measured data by the team GRBES
(Prof. Santamouris).
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Figure 3.13. Envi-met: Results of the surface temperature at the ground level at
16.00 pm for the existing situation and comparison with the proposal.
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This stage is used to explore calculation and visualization potentials of the
model plusalso helped the researcher to hypothesize on the certain factors, of the model

itself and of certain characteristic of the urban compound?.

For the environmental simulation with Envi-met, the same climatic data and
maps where taken into account. To compare and discuss in further detail here it is
provided the results of the smulation of the combination of four of the five scenarios.
It was hypotisized that the proposed scenario was executed by adding low vegetation
and trees, adding green walls and green roofs were it was applicable, pedestrian streets
were created and it was proposed a linear park in the level of the roof of the market.
Variations imply a different microclimatic behavior in the models. Introducing parks
and pedestrian streets with the use of new materials in place of asphalted areas lead to
afresher air (temperature decreases generally in arange set from 0,25 to 1,5°C, locally

the difference can be 3 °C).

Selection of trees and vegetation should be made according to the dry and warm
climate of Athens. Plantation with big crown was considered to provide adequate shade
but while requiring few water for irrigation. The replacement of standard roofs with
green roofs does not seems to lead to significant variations in temperatures, being the
maximum decrease equal to 0,7°C; conversely, measurements performed locally, close
to one of the buildings with the use of a shading system on the rooftop show a

significant decrease (about 2.5°C).

% Process of working with the model in the research are described by Ozkeresteci et a., 2003. These are summarized as follows. -
Model shows a fine detail in the analysis of the atmospheric data form the user’s point of view. - It provides area-based information
about critical areas in the study domain like very hot sports, problematic areas. - It plotsin 3D and 4D the path and the direction
of the wind movement and particle diffusion around the landscape elements therefore critical areas of polluted spots in the study
domain. - The above inferences are critical design and planning data either from an urban designer’s point of view preparing a
development project in the area or from the point of a planner’s working in the city reviewing and communicating the development
in different stages.
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Figure 3.14. Envi-met: Results of the air temperature at thefirst floor level (4.5m)
at 16.00 pm for the existing situation and comparison with the proposal.
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Actually, in the current as-it-is scenario, shade is indeed provided by existing
trees in the center of the courtyards between the buildings. The presence of the treesis
assumed to be increased and enhanced by the redesign of external surfaces, increasing
the permeable surfaces and reducing the asphalt area as much as possible. A great
impact inlocal decrease in temperature is brought about the linear park and the shading
of the new plantation in that area. There is a significant temperature reduction on the
surface of the ground level due to the use of new materials and the shading provided by
the vegetation. By the measurements around the central building, resulting air
temperature reduction isbetween 0.5 to 2.9 degrees, while alower reduction is observed
to the west and south part.

Furthermore, by using this simulation tool it is also possible to define the area
of thermal comfort?®. A method of describing thermal comfort was developed by Ole
Fanger and is referred to as Predicted Mean Vote (PMV) and Predicted Percentage of
Dissatisfied (PPD). The Predicted Mean Vote (PMV) refersto athermal scale that runs
from Cold (-3) to Hot (+3), originally developed by Fanger and later adopted asan SO
standard?’.

% According to the ANSI/ASHRAE Standard 55-2010, thermal comfort is defined as “that condition of mind which expresses
satisfaction with the thermal environment and is assessed by subjective evaluation.” Also known as human comfort, thermal
comfort is the occupants’ satisfaction with the surrounding thermal conditions and is essential to consider when designing a
structure that will be occupied by people. A cold sensation will be pleasing when the body is overheated, but unpleasant when the
coreis already cold. At the same time, the temperature of the skin is not uniform on all areas of the body. There are variations in
different parts of the body, which reflect the variations in blood flow and subcutaneous fat. The isolation potential and quality of
clothing also has a marked effect on the level and distribution of skin temperature. Thus, sensation from any particular part of the
skin will depend on time, location and clothing, as well as the temperature of the surroundings.

There are six factors to take into consideration when designing for thermal comfort. Its determining factors include the following:
Metabolic rate (met): The energy generated from the human body; Clothing insulation (clo): The amount of thermal insulation the
person is wearing; Air temperature: Temperature of the air surrounding the occupant; Radiant temperature: The weighted average
of all the temperatures from surfaces surrounding an occupant; Air velocity: Rate of air movement given distance over time;
Relative humidity: Percentage of water vapour in the air. The environmental factors include temperature, radiant temperature,
relative humidity, and air velocity. The personal factors are activity level (metabolic rate) and clothing. Therma comfort is
calculated as a heat transfer energy balance. Heat transfer through radiation, convection, and conduction are balanced against the
occupant’s metabolic rate. The heat transfer occurs between the environment and the human body, which has an area of 19 ft2. If
the heat leaving the occupant is greater than the heat entering the occupant, the thermal perception is “cold.” If the heat entering
the occupant is greater than the heat leaving the occupant, the thermal perception is “warm” or “hot.”

2" The original data was collected by subjecting a large number of people (reputedly many thousands of Isragli soldiers) to
different conditions within a climate chamber and having them select a position on the scale the best described their comfort
sensation. A mathematical model of the relationship between all the environmental and physiological factors considered was then
derived from the data. The result relates the size thermal comfort factors to each other through heat balance principles and
produces the following sensation scale.
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Value Sensation
-3 Cold
-2 Cool
-1 Slightly
Cool

0 Neutral
+1 Slightly
Warm

+2 Warm
+3 Hot

Table 1. Predicted Mean Vote sensation scale

In the following map resulted by the simulation of the existing situation it is
visible that the PMV in the major part of the area of interest is above 4 which indicates
an extremely hot situation.
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Figure 3.15. Thermal comfort interpretation in the existing area at 16.00 pm
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In Figure 3.16 it isdemonstrated the comparison between the temperature of the
surface and the PMV between the existing situation and the modified scenario with the
interventions mentioned above. The results are expressed in the terms of percentage of
the surface, where they are met values of the comfort (PMV from -1 to +1). The graphs
presented in figure BACFGY, compare the existing scenario (in blue) and the modified
scenario (in red). In both the graphs (T and PMV), y axes indicates the percentage of
the surface occupied by these values, while in x axes it is indicated the temperature

expressed in Celsius degrees (graph on the left) and (on the right) the PMV values.

Figure 3.16. Surface temperature (on the left) and PMV (on the right).Comparison
between the proposed scenario (in red) and the actual situation (in blue)
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From the graphs referred to the temperature it is possible to observe that more
than 60% of the external surfaces on the as built situation presents temperature more
than 41 C° while on the modified scenario the 60% of the surface indicates a
temperature less than 35 C°. The PMV graphs indicate that in the existing situation the
70 % of the area presents values between 4-5which results to a situation of extreme
discomfort; the values that correspond to the proposed scenario show that the 70% has

avalue from 1.4 to 2.2, values very close to the comfort level.

3.2 Analysis of theresults of the simulations

In the considered two case studies, performed calculations , smulations and
comparison have shown that it is possible to reach an average decrease on the mean air
temperature that varies between 0,25 up to 4,5 Celsius degrees, for mainly the summer
period and especialy the period that corresponds to the highest temperatures. For the
simulations executed both for Peristeri and Evripidou area it was considered as a
reference day the hottest day of the summer of 2014 (7 of July), which according to the
measurements already done by the University of Athens the department of Physicsis
the period which is more visible the HIE in both areas. The different compactness of
the two areas leads to different energy demand and consume, according to previous
studies.

By increasing the green areas, changing the surface materials replacing asphalt
with pavement tiles more adaptable to a sustainable design, adding water elements,
creating more parks and pedestrian streets and plus on the level of building design,
adding green roofs and green walls where is applicable and also by creating shadow
areas on the rooftop with photovoltaic elements, it can be observed a reduction in the
air temperature, the surface temperature and as a result create and ambient with a high
level of life quality and improved thermal comfort. This strategy is showing how ahuge
potential for energy savings lies eventualy in the renovation of the existing building
stock.
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A complete and comprehensive simulation has been performed for both two

different urban complexes considered as case studies in the Athens area.

Peristeri urban compound is characterized of an open area with stand alone
buildings with the possibility to act with more possibilities in the urban redesign of the
area. Possible organization of the parking spaces and creation of the double of the
existing green area has shown that the air temperature around the buildings can reach
up to 2.5 Celsius degrees which is an important impact. The existence of strong wind
coming from the Aegean sea, the actual location of Peristeri asit isin a higher level
from the centre and its medium dense urban character allows to have a sufficient
decrease of the air temperature during the hot days of the summer even with the

minimum basic transformations already mentioned.

On the other hand, Evripidou area that is located in the centre of Athens, it is
characterized as a high dense area, with narrow streets, tall building blocks, lack of
green and traffic. The existence of wind is rare as the urban complex does not allowed

circulation and as a result the quality is poor.

Even if the transformation proposed in order to calculate the possible air
temperature change were limited, the results show an adequate decrease. As mentioned
earlier there was a reduction around the main block between 0.7 up to 1.5 Celsius
degrees.

In total, it can be observed that with basic transformations in different urban

compounds and mainly with the existence and the increase of the existing green

It can be observed a reduction in energy consumption that varies between 33%
and 31%, showing how a huge potential for energy savings lies in the renovation of the

existing building stock.
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DISCUSSION

Nowadays, there is much research being done into ways to better incorporate
landscape as part of urban design, to integrate new forms of green in the buildings. In
recent years, very interesting examples of new public landscapes being developed,
combined with increased urban density, and new recreational landscapes utilising urban
sites have been realized. Theoretically, the increased density of a city should not create
limits and restraints and a more sustainabl e approach could be introduced. (Creation of
small urban gardensfor recreation and food cultivation, in combination with green roofs
water system that could help to collect the rain water for irrigation of the open areas).
A very interesting example that has been successfully re-naturalised and turned into
Public Park isthe park at Port Forum in Barcelona (2006).

It is generally important to ensure and introduce the appearance of new
development in tree planting and vegetation. Asfar the results collected on this chapter
the addition of green areas in the urban environment, the use of more natural materials
lead to a significant improvement of the microclimate and the outdoor comfort.
Innovative ideas of vertical landscaping and the recreation of ground conditions to roof
gardens, are now a realistic scenario applied in many cases. Today most cities have
established policies on the principle that removal of potential green areaat ground level
should be offset by planting the equivalent area at roof level. France for example, isone
of the few European countries that with a new innovative law have established that all
the new structures are forced to have on the terraces or green roof or photovoltaic
systems.

Athens, as a particular city, with a complex urban development over the years,
as analysed before, isin the need of new measurements to be performed in afirst level
in the urban redesign and also to the adaptation of the existing buildings and structures
to the energy saving demands in European and global scale. Due to its charismatic
climate should be a pilot study for all the problematic cities of south Europe and the
Mediterranean Area that demonstrate similar climatic data, existence of HIE

phenomenon and also have similar urban geometry.
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CHAPTER IV
FROM THE OPEN SPACE TO THE BUILDING

ABSTRACT

Over the last years a new serious situation has been created due to the intense
urbanization and the decline of the external air status with severe consequences of the
quality of the indoor environment. Two main sources are the main factors for this. One
is the outdoor pollution and the other is related with indoor parameters. Numerous
studies reported during the last years, show the serious impact of the outdoor

environment to the indoor air quality (Santamouris, Asimakopoul os 2001)

In order to understand and fully comprehend the coherence of the effects related to the
modified and improved external conditions (analyzed in previous chapter) with respect
to the energy performance of the buildings, is important to take a further step in that
research. Further simulations have been run in building scale in order to take into
account the interaction between the built area and the open area. It was performed an
integration of two different scale simulation programs in order to achieve a holistic

approach.

This chapter deals with the selection, the study and the energy analysis

developed in two urban settings of the Athens metropolitan area.

In the two selected urban settings low energy performance of the existing as
built compound and building block was resulted. As a consequence alternative retrofit
design scenarios were proposed. New simulations were run in order to validate and
verify the energy potentia saving of these selected passive techniques on building scale.
As athird step the integration of both scenarios (improved microclimate and retrofitted
buildings) was simulated and the resulted energy saving performance was even greater.
Accordingly, the energy generation to set to zero energy the urban settings is also

presented.
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This part of the research demonstrates that a large set of possible solutions is
technically feasible to achieve nZEBs, even in highly energy consuming buildings of
existing urban compounds: the technical feasibility of nearly Zero Energy Buildings
and Zero Energy Urban Settings in urban climate may be considered a realistic and

credible reaching.

On chapter2 it was underlined that, during July and August, the city centre and
at the western part of the city of Athens present much higher mean and maximum air
temperatures than the corresponding val uesin the northern and north-eastern part of the
AMA. Peristeri, together with the central Athens zone, affected by the highest heat
island (HI) intensity of the whole AMA, they can be assumed as the ideal candidates
for their poorest climatic conditions. This is caused mainly by the natural territorial
morphology of the Attica region and additionally to increased documented
urbanization, the lack of vegetation, impermeable areas, industrialization and

anthropogenic heat.

The intense climatic conditions and as well as the different density characters
that these areas present, hasled to their selection astwo of the most representative urban
contextsin the Athenian settings regarding al so the existing urban degradation. On case
is formed from a very dense urban context organized by the typical Greek building
blocks and small internal courtyards, while the second case is set on the periphera

urban areas with stand-alone building types.

In the western urban (Peristeri) was selected an urban settings occupied by
socia housing of the '60s, with typical structures built by reinforced concrete and infill
walls. Conversely, in the Evripidou central Athens the selected case study consists of a
very dense urban setting made up of adjacent buildings with different dimensions
grouped in the distinctive courtyard of the historical parts of the city. The selection of
these two urban settings as it was already mentioned, is representative because of both
morphological, climatic, urban and building type aspects. In fact, these two urban areas

also represent two differently dense urban compounds (Table 1).
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c inhabitantg/plo
ase t . .
Studies FAR (AelV) Built / Unbuilt
(estimated)
Moo T
Peristeri 14.000 1,99  0,28(*) I‘z ;’E_.;gg
LA‘. .‘:?ﬁa
-
Evripidou 17.500 4,66 0,27 "4"'.!
Carsw=

Table 1. Different densities in the selected case studies. (*) In the case of Peristeri Ae/V values
refer to the single building types (tower, block, double block)

4.1 Therepresentative selected urban environmentsin the AMA

All the building types in the two Urban Settings are organized by a series of
typical block buildings structured by reinforced concrete and brick walls. Thisatypical
construction typology and isglobally presented in all Attica suburbsand the city centre.
It has also a common structure with similar building blocks all over Europe®®. The
western compound in the Athens’ peripheral area consists of stand-alone block
buildings, (Figure 4.1).

2 Generally, modern buildings constructed after the second world war represent the larger majority (about the 60%) of the existing
building stock in EU. This percentage even increases (about the 70-75%) if we confine the analysis within the boundaries of the
Mediterranean European countries (Greece, Cyprus, Spain, Portugal, etc.) and slightly increases for Italy, as well (about 65%)
(Ferrante, 2014).
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Figure4.1. Peristeri Workers House urban setting is featured with different building types (the
double block buildings, the tower and the block buildings)(source: Google Earth, elaborated
by the author)

Peristeri urban area can be characterized as an urban compound?® asit is consisted of
12 stand-alone buildings, categorized in four different types according their orientation,
their building geometry and volume. These four main building types are mentioned

below (seefigure 4.2)):

S

1. Three “tower buildings” (T11, in blue); L g’}%ﬁ
2. Four building blocks East-West oriented (T7, inyellow); . #f8f (|
oy, ..'L 1 4’, A

3. Three double building blocks North-South oriented (A7, in reg);
4. Two building blocks North-South oriented (B6, in yellow). '

Figure 4.2. The urban compound four types of buildings

2 The urban compound extension is 37’820 m2, of which 25’713 (68%) is occupied by building construction and impermeable
surfaces (parking areas and streets); the remaining 32 % is a green open area. The build area represents the 29% (7’504 m2) of the
total impermeable surfaces. ( see Chapter 3)
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The majority of these buildings have residential use with the only exception the
building block (B6) where are located small businesses shops, offices and retail at the
ground floor level the south oriented. For Peristeri urban setting, real facades’
reconstruction and basic plan drawings were executed of the different building typesin
order to understand current modifications/appropriations of the building spaces
indicating thermal and comfort needs of the inhabitants. (Figures 4.3 — 4.7). Original
drawings of the compound and of each building are provided in Annex 1.

Tower building (T11)

i ""l l"" -|I o B 1 N
[ e - ! IE ! - o C— i 1 staircase
[ —:1 i fic L 2 4w“‘mwﬂm

THLEELET T :
artal] | | = 10 floors
1 2 = = 40 total apartments
= [=]|we fe]ls

Figure 4.3& 4.4. Ground level plan and type plan, and photographic reconstruction of the
facade of the tower buildings type in the urban compound of Peristeri (T11).(source: source:
Ferrante A., 2016. Towards nearly zero energy. Urban Settings in the Mediterranean

Climate. Elsevier)
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LoD e

i
_

e

3 stairs

15 apartments/floor
6 floors

90 total apartments

Figure 4.5. Type floor (up) and ground floor (down) of one of the 3 the double building blocks
(B6). On the left, location of the double building block type in the urban setting of Peristeri
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Figure 4.6. East and West facade photographic reconstruction in the double building blocksin
Peristeri (source: Ferrante A., 2016. Towards nearly zero energy. Urban Settings in the
Mediterranean Climate. Elsevier)
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e .L:i

= = 2 stairs
" = 4 apartments/floor
! = 7 floors
= 28 total apariments
O ] | o —
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Figure 4.7. Ground and type floor of one of the 4 the building blocks (T7). On the left, location
of the double building block type in the urban setting of Peristeri

On the other side, the urban block in Evripidou (Psiri area) that was selected as the
reference case study it represents the dense built historical zone in the centre of Athens.
Specifically, the selected areais a so enhanced by the presence of many public services
like the Municipal Hall, several Civic and Administrative offices and Central Athens
Market as well. The considered area of Psiri is surrounded by the streets Peiraios,

Athinas, Evripidou and EPikourou.

Thetotal surface of theareais 105.116 m?, of which 99.607 m? is occupied by buildings
and infrastructure, while the remaining 5509 m? present small green spots and
courtyards as fragments between the buildings. A single urban block between
Sofokleous and Athinas Street formed by eleven attached buildings has been selected
for further investigation. The majority of these buildings blocks present one floor for
retail at the ground level. The analyzed area occupies a surface of 2.600 m?, 2291 nv?
of buildings and 309 m? of interior courtyards. All buildings have a gross floor area of
11.249 m?The type of construction dates from the period 60’s — 70°s for aimost all
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buildings with the only exception of the older buildings dating back to the 40s and on

the Greek neoclassical period.

Figure 4.8 Evripidou area selected urban block representing the typical compilation of the
historical centre of the city ( source: Google Earth, elaborated by the author)

As observed, among the main difference between this case study and the
previously examined urban compounds (Peristeri) is the population density, clearly
increasing from 14,000 inhabitant/Km? (Peristeri) up to the centre of Athens that
measures 18,000 inhabitant /Km?. A significant factor in order to analyse and better
understand the density of the area is the F.A.R., which while it was already calculated
of the Psiri district at a range from 2.5 to 3,5, in fact the correspondent value of the
selected area, considering it strictly within the borders of the surrounding streets, grows
upto4,33 (Figure4.9). Similar to the previous case study, all the main structures consist
of aframe of reinforced concrete beams and pillars and opague components of semi-

perforated (hollow) masonry blocks.
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FAR =4.33
Total project area = 2600 m2
Area occupied by buildings = 2291m2
Free space = 309 m2

Parking = 400 m2

Total built area of 11 units = 11250 m2

Figure4.9. Threedimensional reconstruction of Psiri District and cal culation of correspondent
density expressed as FAR for the selected urban block (in red),(source: Ferrante A., 2016.
Towards nearly zero energy. Urban Settingsin the Mediterranean Climate. Elsevier)

108



Energy and architectural retrofitting in the urban context of Athens

oy
-
[T
L]
L

Wimnn
o
W
I

5 A M T

N ,

i

[ Bl ] g mmE [
MM N D e @

)i w o o EIEIEI

e 66 66 66 66 6

Figure 4.10. Buildings’ elevations, South, North, East and West oriented (drawings source:
Ferrante A., 2016. Towards nearly zero energy. Urban Settingsin the Mediterranean Climate.
Elsevier, photos taken by the author)
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As a conclusion, Athens as a metropolitan city, presents an overall urban
complexity connected with its uniqgue urban morphology and location. It is
characterized by an identifiable urban form and character. The diverse and multiple
typology of the buildings, the urban gaps among the urban blocks, the intense urban
canyons, and the diffuse geometry between the different urban zones set the selected
case studies representative repeatable units among the urban fabric of the city despite

their differences.

4.2 The Energy Demand in the selected urban environments

This next step of this research focuses on the building scale and investigatesthe
energy performance of the selected units of the already mentioned case studiesand aims
to define the most appropriate solutions in order to reach the goal of a measurable
reduction of building’s energy requirements and examine whether and how they can be

turned into nearly ZEBs.

Further analysis has been done by using simulation tools®, resulting to assess
the energy performancein the as-built scenario for both Peristeri and Evripidou. Energy
simulations of thiskind need adetail analysis of the structure and the space organization
of each building so as to properly define the internal thermal zones of a built
environment®!. Therefore, separate volumes for each building or set of buildings have

to be identified as correspondent thermal zones®.

In order to conclude in acommon and comparable results between the two case

studies and avoid a fragmentation of data, all input data were commune and have been

%0 All simulations have been performed by using DesignBuilder, a fully featured interface using EnergyPlus platform to detect
energy, carbon, lighting and comfort performance of buildings. EnergyPlus is the U.S. Departments of Energy’s 3rd generation
dynamic building energy simulation engine for modelling building, heating, cooling, lighting, ventilating and other energy flows.
It has been validated under the comparative Standard Method of Test for the Evaluation of Building Energy Analysis Computer
Programs BESTEST/ASHARE STD 140.

LA list of levels and sublevels from the building up to the division of opaque and transparent parts is generally created to run
accurate dynamic simulations.

32 3D models for each case study have been developed to re-design the exact positioning of all opague and transparent surfaces and
climate data settings.
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assumed and estimated®3.For example all the operating programs of the plant sysems are

according to the daily/season program presented below.

Heating Cooling DHW
Off On
Summer (Apr.-Oct.) 00.00 - 00.00-24.00 (rooms) On/According to occupancy
24.00 07.00-23.00 (living, kitchen)
On off
Winter (Nov-Apr) 00.00 - On/According to occupancy
24.00 00.00 - 24.00

Table 2. The operating programs of the plant systems

Further common but important datainputs are the local weather data®*, activity,

occupation and ventilation® and last the characteristics of the plant systems.

It hasto be remarked that the existing dissimilarities among the investigated two
building types, the scale of each unit and the consistence of these urban contexts have

been approached in a different level of detail concerning the simulation analysis.

Consequently, for the determination of the thermal zones on each referred
different building type, unlike criteria have been adopted for in the energy analysis of

the two case studies, following decremented level of details:

% Among the common characters assumed for the different cases is the plant systems’ equipment. Each building is assumed
equipped with a central heating system using gasoil as fossil fuel. In al the visited building of Peristeri cast iron radiators are
installed in the rooms of the apartments, therefore they are assumed as terminal heating plant componentsin all case studies. In al
the different urban settings, the ethnographic observation has showed how the majority of residential units (about 95%) are
equipped with air conditioning units; some others (30%-38%) use solar systems for domestic hot water. The light sources are
mainly of domestic type, such as incandescent light bulbs or compact fluorescent lamps. All the buildings have a structure of
reinforced concrete and exterior surfaces made up by hollow bricks and treated with plaster. Neither the flat roofs nor the vertica
surfaces areinsulated; in the mgority of apartments the windows consist of aluminium frame systems and single glazed transparent
components, prevailingly equipped with exterior shutters as windows’ shading devices. The assumed operating program and the
performance of the plant system do not affect the rightness of the conclusions because they have been kept constant in all
simulations.

3 A file containing all the hourly climatic data, as the dry bulb, temperature, wet bulb temperature, wind speed and direction, solar
height, solar azimuth, atmospheric pressure, direct and diffuse solar radiation is contained in the default weather data, These data
have been compared with simulations performed in various climatic stations of the Athens metropolitan area (GRBES, Prof.
Santamouris) and, in particular with measures gathered in Peristeri urban compounds. Similarities among these data have led to
the conclusion that no necessary changes should be made at this stage of the analysis.

35 The models reported the actual organization of the plan of the building, in the different level of detail specified after this notein
the plain text. In each floor the different thermal zones assumed correspond to various rooms like kitchens, bathrooms, bedrooms,
living rooms and condominium areas like stairwells. The criterion chosen to make the partition into thermal zones was to
differentiate rooms dEPcnding on the specific activities that are carried out in. This made it possible to associate to each zone an
activity program, built according to the average behaviour of local users. The activity program defines the occupation times and
ways, the use of appliances, the opening of the windows and the operation of manual or mechanical ventilation and it is used by
Energy Plus to evaluate internal energy contributions. According to size and type, three up to six people usually occupies each
apartment, thus a density of 0.05 people per m? has been assumed. The default occupancy program has been slightly changed to
consider the specific composition of the dwellers: it has been estimated that about the 40% of the population is a non-working age
residents, so most of them are present and carry out activities in their apartments during the whole day, while the 60% of the
residents are working people and from Monday to Friday, between 9.30 and 17.30, are not at home. According to this, occupancy
profiles were created for each thermal zone.
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For the case of Peristeri, the analysis has been conducted considering both a
building type and apartments type oriented focus as a single unit, considering the main
thermal zones corresponding to the single apartments, each one consisting in one single

thermal zone.

On the other hand, as far it concerns Evripidou central Athens area a different
approach was selected. In this case an urban oriented analysis has been devel oped with
the aim to focus on the different energy performances of each apartment building block.
In this case amore general subdivision has been operated by defining each floor in each

building of the urban courtyard as a different thermal zone.

Concerning both two urban settings (Peristeri and Evripidou) urban blocks,

identical research tasks have been proposed, designed and executed:

« Evauation of the overall energy performance and sensitivity analysis of its
variability as a function of the different orientation of the buildings as well as of

different internal distribution; simulations have been performed for each unit type®.

. Evaluation of the energy performance and sensitivity analysis of its variability
related to the different arrangement of the surrounding buildings within the same

urban compound.

. According the simulations’ results a comparison in terms of comfort, energy
contributions and overall heat balance was done so as to identify the principal critical
problems that are mainly affecting the building types, classify them accordingly their
effects on the overall energy balance of the building and as a consequence propose

targeted solutions.

*As a second step and next level of simulations a retrofitting scenario is proposed for

both selected building context. The main steps to be considered and analysed are:

Propose and design multiple building basic refurbishment interventions and

options in the selected reference building

36 in Peristeri units correspond to the apartments, while for the case study of Evripidou each floor in each buildings constitutes a
different thermal zone.
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. Run new simulation and analyse the resulting effects that the alternative design
scenarios would produce on the overall energy balance of the building, so asto have an

overall image of the effectiveness of the various retrofitting options in terms of energy
response.

In the next two sub paragraphs the strategy mentioned above is executed and energy
demand results of each selected unit and case study is presented.
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4.2.1 Peristeri urban compound

Each building type has been divided in different representative thermal zones
corresponding to actua apartments of each apartment building block: The selection of
the representative units (apartments), for the simulation scenarios, corresponds both due
to the position of the unit in the planning and as well as their height and according also
with the connection with the neighbouring units on the building and secondly,
respecting their orientation (solar factor isindicative), as showed in thefollowing figure
4.11.

As it was mentioned in previous paragraph the structural principal system is
simple but common for the Athens built character and it is organized by aregular grid
of beams and pillars, with most possible prefabricated slabs as the main horizontal
elements. The main thermal parameters provided for the horizontal ground level,
intermediate floor and roof floor and as well as for the external surface envelope have

been considered the same.
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Figure 4.11. Apartments as thermal zones a) the Tower( T11), b)in the double block building
(B6) and ¢) building block (T7) in Peristeri
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A concentrated table for each building type (Tower building T11, the double
building block B6 and the building block T7) of the synthetic results of the energy
simulations performed for both cold winter and hot summer seasons follow. The

resulting tables estimate the energy performance indexes of the single units on different

location within the specific building.

Apartment/thermal | EPh (kWh/m?2 year) EPc (kWh/m? year)
zone
Al 89 64
Ab 75 54
A10 101 72
B1 100 67
B5 94 61
B10 113 73
Cl 89 49
C5 75 43
C10 101 57
D1 99 52
D5 87 45
D10 107 62

Table 3. Energy performance indexes of the different unitsin the tower building T11 (source:
Ferrante A., 2016. Towards nearly zero energy. Urban Settings in the Mediterranean Climate.

Elsevier)
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Apartment/thermal EPh (kWh/m2 year) EPc (kWh/m? year)
zone
Al 111 36
A4 89 42
A6 124 45
Bl 115 40
B4 94 47
B6 129 49
C1 103 30
C4 82 34
C6 116 39
D1 107 33
D4 94 37
D6 129 43
El 112 31
E4 90 31
E6 126 37
F1 107 29
F4 90 33
F6 125 38

Table 4. Energy performance indexes of the different units in the double building block B6
(source: Ferrante A., 2016. Towards nearly zero energy. Urban Settingsin the Mediterranean
Climate. Elsevier)

116



Energy and architectural retrofitting in the urban context of Athens

Apartment/thermal | EPh (kWh/m2year) | EPc (kWh/m? year)
zone
Al 113 89
A4 99 96
A7 167 106
Bl 59 84
B4 71 89
B7 145 102
Cl 84 95
C4 81 92
C7 170 102

Table 5. Energy performance indexes of the different units in the building block T7(source:
Ferrante A., 2016. Towards nearly zero energy. Urban Settings in the Mediterranean Climate.
Elsevier)

For further analysis in order to highlight the different energy demand of the
single reference simulated units according to the different function of both the position
of the unit within the building block and the solar orientation as mentioned before that
considered to be the two main factors, the following graph was elaborated reported in

figure 4.15.

According to Ferrante (2016), as expected, the most consuming units (both in
summer and winter season) are the apartments located in the last building’s floor with
as covering top roof of the building. On the contrary, according to the measured results,
the units/apartments with the lowest consume (in both seasons winter and summer) are
demonstrated to be ones located in the intermediate building’s floors. Additionally, as
it was observed it is noticeable that by comparing the energy demand on residential
units that are located on the same floor but with different orientation substantial
differences may aso be observed. As showed in the right side of the figures 4.12 &

4.13 south oriented apartments are less energy demanding than the corresponding north
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oriented ones, both in summer and winter condition. The following graphs are referring
to the Tower T11 Block.

supplied Heating (kwh)
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Figure 4.12. The graphs highlight the different level of energy in winter season of the reference
units as a function of the position and orientation of the unitswithin the building block (source:
Ferrante A., 2016. Towards nearly zero energy. Urban Settingsin the Mediterranean Climate.
Elsevier)
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Figure4.13 The graphs highlight the different level of energy in summer season of thereference
unitsas a function of the position and orientation of the units within the building block (source:
Ferrante A., 2016. Towards nearly zero energy. Urban Settings in the Mediterranean Climate.
Elsevier)

As a conclusion of the resulted simulation with the aim to analyse the energy
demand of different selected units/apartments considered as different thermal zones, it
isdemonstrated that according to the orientation, location in the building and neighbour
limits, apartments situated on the last floor to say that consume more and the ones in
the middle are the more energy efficient both in winter and summer period. Further
analysis of this different performance with new proposed scenarios will be analysed on

the next paragraphs.
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4.2.2 Evripidou Area

Asindicated in the beginning of this chapter, the case of Evripidou urban block,
was considered in different aspect in comparison from the case of Peristeri, where urban

settings is formed by stand-alone buildings like.

In the second case study buildings were considered as whole units by
considering their volumesin atotal. In thisway assumptions were hypothesized in order
to simplify the implementation of the model and eventually considered as whole block
at the level of the urban scale. In particular, it was decided to perform energy
simulationsfor each floor of each building, with minimum considerations of theinternal
partitions of each residential units. (Figure 4.14) However, all the partitions towards
unconditioned spaces like staircase and secondary volumes used for maintenance have
been taken into account. Eventually, each floor in each building has been considered as
a unique thermal zone with internal partitions assumed as internal mass. These more
generic hypothesis was preferred due to the fact that in this way the results and the
objective of the simulation wouldn’t be affected as for the requested level of this
investigation is not considered a major mistake. It has to be pointed out that the level

of the analyses remains an energy urban energy investigation.

Figure 4.14. Buildings considered as different units and apartments in each level as different
thermal zonesin Evripidou urban block
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As briefly referred, a smplified way was selected on how to organize the
subdivisions of the horizontal planes. By identifying the unheated areas, such as stair
volumes and elevator voids and by realizing the approximate internal partitions of the
different zones for each floor the optimized subdivision was realized. Building
constructions elements, thickness and height of external walls and floors have been

imputed.

The main input data described in the previous paragraphs related to the Pristeri
case study have been also included in this situation in the first dynamic simulation so
as to figure out the thermal energy demand and succeeding in this way to control the
required energy to maintain internal thermal and comfort conditions. Numerous extra
physical factors like solar gains, direct gains for occupants, lighting, computer and
equipment’s’ contributions, etc. have been additionally considered for the external air

temperatures.

On the following holistic table the mean energy performance values for winter
and summer energy demand for each building separately are demonstrated. The results’

analysisin the as built conditions is reported in the following Table 6.

Buildings EPh (kWh/m2 year) EPc (kWh/m2 year)
1 54 39
2 57 35
3 33 38
4 59 45
5 47 41
6 43 31
7 70 49
8 53 42
9 24 19
10 39 38
11 43 41
Mean values 47 38

Table 6. Calculation of the winter and summer needs of all analysed buildings (as built
scenario) in Evripidou (source: Ferrante A., 2016. Towards nearly zero energy. Urban Settings
in the Mediterranean Climate. Elsevier)
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4.2.3 Energy retrofitting scenarios for the two selected urban settings

As a next step further investigations have been performed for the possible energy
retrofitting scenarios of existing buildingsin Peristeri urban compound. In this case, the central
double building block was selected as the most eligible unit case study energy. A comparison
between the previous energy anaysis of the as-built state in the specific case study and the
energy saving of many proposed basic retrofitted optionsis demonstrated. Results of performed
simulations are synthetized in the following Table 7

Building type: Double building block (B6): Gross surface 6200 square meters
WINTER SUMMER
Q (kwWhty) Ep (kWh/sgm*year) Q (kWhty) Ep (kWh/sgm*year)
As built 354.042 117 148.274 49
1) Insulated walls 242.080 80 75650 25
2) Window’s 317.730 105 142.222 47
replacement
3)1+2 205.768 68 60.520 20
4) Insulated roof 329.834 109 130.118 43
5) Insulated green roof 326.808 108 139.196 46
6) 6 (6= 3+5) 184.585 61 60.520 20

Table 2. Retrofitting optionsin the double building block (B6) and correspondent energy
savings (source: Ferrante A., 2016. Towards nearly zero energy. Urban Settingsin the
Mediterranean Climate. Elsevier)

In Peristeri urban compound, the main building block B6 was analyzed and simulated
in six different scenariosin order to identify the most appropriate retrofitting actionsto achieve
energy consumption’s reduction up to nZEBs in existing building blocks. The diagnosis in
detail performance of each residentia unit separately, have resulted in the assumption that in
many cases there is a possibility of reaching an average Energy Performance (EP) up to 20
kWh/m2*y, by the use of insulated opaque surfaces, by insulating the roof and the walls and
a so by replacing the existing windows. (Ferrante, 2016)
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Asfar it concerns Evripidou selected urban block the single retrofit options have been
selected and combined in the attempt of finding the best compromise between the different -
and often conflicting- winter and summer demands with existing constraints limiting the
possible retrofitting actions in the existing buildings®.

High performing windows with double glass 4mm and an air layer (12mm) and very
high performing have been hypothesized.

The same retrofitting scenarios assumed to the previous case study for Building B6 of
Peristeri, have been analysed separately in order to have a general idea and be aleto select the
best case option and the highest performing solution. Then it was performed a simulation
including all the designed retrofitting options. A detailed analysis for each scenario has been
performed for all the 11 buildings in the selected area, thus obtaining, for each building, the
energy requirementsin both summer and winter period. The table below reports the performed
calculationsjust for building 1.

Building 1 in Evripidou urban block: gross surface 930 square meters
WINTER SUMMER
Q (kWhlyear) Eph (kWh/sqm*year) Q (kwhly) EPc (kWh/year)

As Built 46442 47 41353 41

1) Insulated walls 105575 106 76215 76
rzgp‘g'cngnﬂ"evst 17759 18 12434 12
3) 1+2 28332 28 22450 23

4) Insulated roof 28099 28 22385 22
5) Insulated green 44653 45 43315 43

roof
6) 6 (6= 3+5) 49200 49 46770 47

Table 8. Different retrofit options calculated for building 1 in Evripidou urban courtyard
(source: Ferrante A., 2016. Towards nearly zero energy. Urban Settingsin the Mediterranean
Climate. Elsevier)

37 In example, the polyurethane insulation on the roof while having characteristics of low thermal inertia has been
considered preferable for the reduced weight with respect autoclaved aerated concrete (AAC).
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As it is aready mentioned in order to have a holistic view of the total energy
performance the same cal culations have been performed for al the 11 buildings in the selected
urban block.

By the mutual comparison of all the resulted simulation among the different buildings
the following conclusions can be drawn:

- The efficiency of the insulation of the vertical walls through external coatings depends on
the orientation of the individual buildings. Though, it does not present the greatest advantage
during the hot summer season, afact that should be considered especially in the intense climate
conditionsin Athens during summer.

- The roof insulation represents always an excellent intervention for both summer and winter
- The green insulated roof produces adight disadvantage in winter

- Among the mentioned combined i nterventions the combination n.3 (wall insul ation +window
replacement) produces the greatest benefitsif compared to the insulated roof, or theisolated
green roof, consumption is much lower and the resulting could increase up to three times as
much.

To sum up, the first phase of the retrofitting options’ design involves upgrading
measures that show a positively effect on the energy performance of the existing buildings.

Ferrante (2016) demonstrated that in al the considered case studies, performed
calculations have shown that it is possible to reach an average Energy Performance (EP) that
varies between 50 up to 15 kWh/m2*y, for winter and summer respectively, by insulating
opaque surfaces —roof and walls- and replacing existing windows .

A complete and comprehensive calculation was necessary to be performed for
obtaining the global energy demandsin the urban complexes studied as case studies and as pil ot
urban unitsin the Athens Metropolitan Area.

In thefollowing Table 9 the different components of energy consumption are reported,
according the different proposed scenarios: in the scenario as built, the complete renovation of
al the buildings given by the retrofitting scenario n. 6 (6= 3+5), the combined scenario
consisting of wall insulation, window replacement with high performing glazing components,
and the insulated and green roof. It can be observed a reduction in energy consumption that
varies from 33% to 31%, indicating the great potentiaity for energy saving in the renovation
of the existing building stock.

The performed calculations illustrated (Table 9) result in the globa annua electric
energy demand, that is the total amount of energy to be considered in the cal culation of energy
generation to be supplied to set to zero the energy balance of al the buildingsin the considered
urban settings.
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Urban settings Peristeri Evripidou
Number of Buildings 12 11
Total Square metres 27.368 12.233
Qh (winter) 3.219.845 442.425
Qc (summer) 1.833.656 731.565
A | Thermal energy consumption (cold season) 3.788.053 533.043 P
'B | Electric energy consumption (cold season) 0 0 ,UE_U
C | Thermal energy consumption (hot season) 0 0 -
D | Electric energy consumption (hot season) 1.097.998 438.063
E |A+C | Total thermal energy consumption 3.788.053 533.043
F |B+D | Total electric energy consumption 1.097.998 438.063
G Thermal energy reduction (cold season) 3.219.765 306.644
H Electric energy reduction (cold season) 0 0
| Thermal energy reduction (hot season) 0 0
L Electric energy reduction (hot season) 360.537 166.464 é E
M| E-G-I | Final thermal energy demand 568.288 226.399 % §
N | F-H-L | Final electric energy demand 737.461 271599 | < -
o] Percentage of reduction of thermal energy -85 -70
P | Percentage of reduction of electric energy -33 -38
] Electric energy supply for heat pump system
Q (cold season) 340.292 183.619
Annual energy demand for heating and
RIN+Q cooling 1.077.754 455.218
S Electric consumption for domestic appliances 957.880 393.715
T |R+S | Global annual electric energy demand 2.035.634 848.933

Table 9. Comparison of total energy consumption intheasbuilt scenario and after the complete
energy renovation (scenario 6) in the two selected urban settings (source: Ferrante A., 2016.
Towards nearly zero energy. Urban Settingsin the Mediterranean Climate. Elsevier)
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4.2.4. Brief notes on the energy demand in the different urban settings

It isaredlistic an inevitable scenario the importance of a bioclimatic approach
in urban planning and building designing so asto achieve alow energy consuming built
environment and set it to zero energy. Thisimportant fact was showed and analysed in
the previous chapters by the performed simulations and the results gained. In an
approach like this, the most important factors should be taken under serious
consideration in order to achieve the goal and determine the energy consumption such
as the site location, the building orientation, the organization of the blocks and the
single units that constitute them. Nevertheless, in an existing built environment and in
aready existing buildings, all the passive components are defined as critical features
and not as variables and they can be seen and elaborated as input on the design stage or

as refurbishment intervention.

However, despite the very different contexts under study and the diverse levels
of energy demand registered between the single units forming the building blocks and
the urban settings, a general deduction arises from the comparison of the main physical
and energetic variables: in al the urban contexts the energy performance indexes are
variable between 44 and 88 kWh/m? year for heating demand and between 36 and 100
kWh/m? year for cooling demand. (Ferrante 2016) Though, Evripidou area due to the
urban dense geometry demonstrates the lowest values of energy demand for heating

during winter and cooling during summer.

The total of the energy consuming is calculated by the sum of both cooling and
heating demand, derived from the typical climate of Athens that presents very hot
summer and cold winter also. The high consuming is a result of the intense climatic
conditions and the very low level quality of buildings’ construction components

connected with poor energy performance.
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As observed,
Urban setting Peristeri | Evripidou
Number of Buildings 12 11
Total Square metres (m?) 27368 12233
EPh (heating) (kWh/m?2year) | 88 44
EPc (cooling) (kWh/m2year) | 101 36
Thermal Energy | 2817456 533043
consumption (winter) (kWh
year)
Electric Energy consumption | 0 0
(winter)
Electric Energy consumption | 1651705 438063
(summer)
Total thermal Energy | 2817456 533043
consumption
Total  Electric  Energy | 1651705 438063
consumption

Table 10. Total Energy demand in the different urban contexts (source: Ferrante A., 2016.
Towards nearly zero energy. Urban Settings in the Mediterranean Climate. Elsevier)
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4.3. Comparison of the Energy demand of the buildings in three
different scenarios (asit is, using the climatic data for the HI E and the
new climatic data after the ssimulation with Envi-met with the use of
green)

Conclusions drive attention on the interactions between green area and air
temperature, but also ook at the impacts of these variations on project choices at urban

and building level. In order to achieve the goal of zero energy urban settings a strategy
of five basic steps has been followed:

Strategy to reach Selections of
differenturban
the goal of the sustinable
reduction of the SR
new set of
energy consume , simulations
on the urban Vv
settings
New set of Comparison of
simulations the resutls and
with DB to selections of
Analysis and collection of verify the the best case
the results of the energy influense of the scenario of
performance of the building, [ @i E EEs microclimate
before and after the urban microclimate Iiproyement
: : on the for the existing
redesign and the improved e buildiags
microclimate buildigns
performance

- Selection, analysis and simulation with envi-met of a characteristic urban
compound,;

- Selection of different urban sustainable designs scenarios, perform new
simulations;

- Comparison of the results and selection of the best possible scenario for the
improvement of the HIE and the microclimate in the urban compound;

- Simulation with Energy Building to check the influence the improvement of the
microclimate has to the existing buildings;

- Analysis and collection of the results for the building energy performance after
the redesign of the urban compound and the improvement of the microclimate.
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The sustainability of urban building design in these regions cannot be fully
assessed by indoor environmental simulation not taking into account the microclimatic
factors of the surrounding urban neighbourhood. It is found (Chengzhi Peng and Amr
F. A. Elwan, 2012) that the current suites of outdoor and indoor simulation software do
not connect with each other to give us a holistic understanding of both outdoor and
indoor simulation results.

The objective of this research is that assessment of sustainability at an urban
neighbourhood level can be carried out more holistically, and asaresult achieving more
valid environmental simulations from an urban environment point of view. The
outdoor-indoor collaborated methodology is structured on a digital work among two
key software platforms: (1) ENVImet for urban neighbourhood outdoor simulation, (2)

Design Builder for building indoor simulation,

It is beyond question that, the environmental sustainability of an existing
building or a new building concept cannot be fully assessed by indoor environmental
simulation alone without taking into account the urban microclimatic conditions of the
surrounding urban areas where the building stands. It is commonly accepted that good
environmental performance leads to lower energy consumption in maintaining thermal
comfort, which is the first step towards sustainability. Despite the recent progress in
environmental simulation software tools, still exist barriersto overpass such as the lack
of collaboration between software developed for large scale urban outdoor
environments simulation and software specialized for indoor environments. If so, these
two types of software simulations for different scale, could produce unified outputs
alowing architectural and urban planners, designers a more holistic apprehension of
outdoor-indoor simulation results that reflect more accurately the urban patterns. This
research, focuses on developing a methodology so as to bridge this current gap and as
aresult, the assessment of sustainability at an urban neighborhood level can be studied
more holistically, hence achieving more valid environmental simulationsfrom an urban

dwelling point of view.
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Urban climatology is an interdisciplinary field which provides an important
source of knowledge and data to inform urban design. However, its complexities and
technicalities have prevented planning and design practices from applying rigorous
climate knowledge (Oke 1984; Eliasson 2000; Ali-Toudert &. Mayer 2007; Fahmy &
Sharples 2008). In searching for better supporting tools, Fahmy and coworkers
highlighted that software like ENVI-met for urban microclimate modelling does not
have the capability to simulate indoor climate (Fahmy et al. 2009).

In search for an alternative methodol ogy more appropriate for sustainable urban
neighbourhood design studies, this research’s proposition is that weather data specific
to acity site can be attained by urban micro climate modelling on the basis of the macro
climate weather data collected by the weather stations. ENVI-met platform can be used
to generate site-specific weather data for an urban site, which can then be loaded to
programs like Design Builder so as to perform simulation of an indoor environment on

site.

In the current situation, ENVI-met and Design Builder are two different
software platforms and their ssmulation outputs are presented in different formats. A
further step is required to bring the outdoor and the indoor simulation results together
to reveal the total environmental performance of an urban neighbourhood. Three basic
were performed in this research in order to achieve the goal of an integrated result of

the two different ssimulations

Step 1: Simulating with the ENVI-met and collect the climatic data that derives

from each scenario

Step 2: Generating urban site-specific weather data for Design Builder next step

simulation

Step 3: Integrating both systems together and have an holistic analysis, by
introducing the new climatic file into Design Builder’s weather data and

set new simulations for the building energy performance

In this next step in order to check and evaluate the improvement of the

microclima of the area selected and the effect that the new climatic data have on the
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energy demand of the buildings, the new climatic data of the area ssmulated by Envi-
met have been used to beintertwined with the simulation by Design Builder, using them

as anew input for the re-calculation of the energy performance of the building.
The case study of Peristeri area

At this next step, asit is shown at the Figure 4.15, an area of 4x4x4m around
the main central double block building has been identified. A vertical division in 5
critical points was also performed, as it is seen in Figure 4.16 (ground level, pilotis
level, first floor, middlefloor, last floor and 4 meters above the rooftop) so asto subtract
results from all the points referred to these elevations. The scope, as mentioned, is to

createanew climaticfilethat will refer to the climatic data gathered from the simulation

with envi-ment, locally.

A= x34,yd0,z0 |
B=x48 y40,z0
C=x49 y70.z0
D=x34, y70 20
E=x 34 40,z 14
Fex43,vd0,z 14
G=xd9y70 z14
Hex 34y 70,z 14 |

Figure 4.15 The defined area around the double block building for the new climatic data
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The data extracted from the grid around the building are the temperatures
referred to all those points. A, AT of the al temperatures was calculated for each level
(one for the data from a simulation for the hottest day of the summer, and one from a
simulation performed the day with a mean temperature of 26C). These data
(temperature, Celsius degrees) for each critical level arethenin asecond step elaborated
with a special program in order to create the new climatic file that can correspond to
the weather data of Design Builder, for each of the selected horizontal sections. In order
to perform simulation for each different building with the use of the new climatic file,
every time the proper climatic file that corresponds to the selected apartment /floor of
the building should be inserted to the program.

Figure 4.16. The selected horizontal sections around the double block building for the new

climatic data

Last level of the smulations, will be done with al the climatic data needed for
the comparison of the energy demand. More simulations with design builder are
executed taking into account the existing climatic file of the program, the improved
climatic file with the data extracted from envi-met, and the HIE file that was created in

order to achieve a holistic analysis.
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The air temperature of these points has been used for the smulation of the
correspondent apartments. South-oriented residential apartments at the first, third and
last floor of the double building block B6 of Peristeri have been taken asreference units.
Simulations have been performed for the summer period, the hottest months and were

the HIE is more evident (from 1% June until 31" August).

The standard climatic data used by design builder (IWEC climatic data file)
have been modified in two different and opposite ways. On the one side, they have been
decreased according to the correspondent value of external temperatures from the Envi-
met calculations; on the other side, the same data have been increased as a function of
measured data in the correspondent meteorological station of Peristeri (Giannopoulou
et a, 2011).

Results of the energy demand for cooling (kwh) of these apartments, for the
whole summer period, are reported in Figure 4.17. As shown, these results are highly

variable as afunction of external temperatures.

1600 B standard temperaturas
(KWhefy)
1400
1200
1000
¥ temperatures taking in
800 account the heaat island
effect (kWhely)
600
400

temperatures modified by
the green (kWhe/y)

200

Apt 1 (first flacr) Apt 2 (3th floor) Apt 3 (6th floor)

Figure4.17. Cooling demand in threereference apartments of the building block B6 in Peristeri

Asit can be observed in Table 11, values of energy demand for cooling in the
selected apartment at the first floor vary between 1348,37 kWh, from the worst

condition represented by the scenario considering increased air temperature due to the
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heat idland effect to the best scenario, to 1122,55 kWh, where air temperatures have
been supposed under standard condition, down to 926,54 kWh in the improved scenario

due to the cooling effect of the green.

Corresponding values of energy demand for cooling in the apartment at the
intermediate floor vary between 1202,45 kWh, in the worst condition represented by
the scenario considering increased air temperature due to the heat island effect, to
990,98 kWh the standard scenario, where air temperatures have been supposed under
standard condition down to 874,06 kWh in the improved scenario due to the cooling

effect of the green.

Corresponding values of energy demand for cooling in the apartment at the last
floor vary between 1483,49 kWh of the worst condition represented by the scenario
considering increased air temperature due to the heat island effect, to the standard
scenario, to 1211,22 kWh, where air temperatures have been supposed under standard

condition down to 1067,35 kWh in the improved scenario due to the cooling effect of

the green.
Energy demand for cooling (kWh)] Energy demand for cooling (KWh) | Energy demand for cooling (kWh)
- (air temperatures Hl effect) (temperatures modified by green)
(kWhe/y) (kWhey) (kWhe/y)
Apt 1 (first floor) 1122,55 1348,37 926,54
Apt 2 (3th floor) 990,98 1202,45 874,06
Apt 3 (6th floor) 12 1483,49 1067,35

Table 11. Cooling demand values in three reference apartments of the building block B6 in
Peristeri
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As aconcluding result, a percentage decrement of about the 20% between each
scenario can be found. Globally up to about 40% reduction of energy consumption can
be observed, demonstrating the huge potential of environmental modification at the
urban scale on the energy performance of existing buildings. A very significant, twofold
impact on heat island reduction at the urban scale and energy consumption at the
building scale can be deducted as the direct by shading and green in the urban setting
model.

The case study of Evripidou

The same procedure analyzed on the previous paragraph was followed for the
case study of Evripidou. A south oriented building (no. 5) was selected and as
horizontal sections it was taken into account the apartment of the first floor, the
middle(4™) one, and the top one(8"). New climatic file was created for the selected
horizontal sections that correspond to the city center climatic conditions and after the
redesign of this studied urban area. Differences on Temperature and improvement of
the local microclimate of this area was analyzed on Chapter 3. Simulations have also
been performed at the same period, such as the summer period, from 15 June until 31t
August.

The standard climatic data used by design builder (IWEC climatic data file)
have been modified in two different and opposite ways. On the one side, they have been
decreased according to the correspondent value of external temperatures from the Envi-
met calculations; on the other side, the same data have been increased as a function of

measured data in the correspondent meteorol ogical station of the centre of Athens.

Results of the energy demand for cooling (kwWh) of these apartments, for the
whole summer period, are reported in figure 4.18. As shown, these results are highly

variable as afunction of external temperatures.
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Figure 4.18. Cooling demand in the three reference apartments of the building No.10 in

® temperatures taking in
account the heat istand
effect (KWhely)

temperatures modified by
the green (kWhely)
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A percentage decrement of about the 33% between the proposed ‘green’
scenario can be found. The difference between the actual situation and the improved
scenario is not so important, but the HIE situation is actually the reality in the centre of
Athens. Thiscan be explained by the high compactness and density of the specific urban
context and due to the limitation and the constraints for an extended urban sustainable
redesign of the area, due to limited open spaces, already built plots, narrow streets and
main traffic axes.

Thus, this analysis is demonstrating the huge potential of environmental
modification at the urban scale on the energy performance of existing buildings. A very
significant, twofold impact on heat island reduction at the urban scale and energy
consumption at the building scale can be deducted as the direct by shading and green
in the urban setting model.

Results of these simulations are highly consistent with data and correspondent
values reported by Santamouris (Santamouris, 2014; Santamouris et al. 2015). In fact,
as illustrated by Santamouris et al. and already reported energy penalty of ambient
overheating is quite high and depends mainly on the characteristics of the building
stock, the climate zone, the urban form (and its boundary conditions) aswell asthe type
of the provided energy services. A significant increase of the energy consumption of

buildings, caused by the ambient temperature intensification in metropolitan areas, was
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calculated for the period 1970-2010. In particular, for the case study of Athens a
percentage increase of the base el ectricity load per degree of temperature increase equal
to 4,1% was found. In particular, in Athens Santamouris (2014) found that the cooling
load has increased from 99.5 kWh/m?/y in 1970 to 124.8% in 2010, while the
corresponding heating load has decreased from 39.4 kWh/m?/y in 1970 to 31.7
kWh/m?ly. ( Ferrante, 2016)

Urban heat island and global warming increase the temperature of metropolitan
cities like Athens and exacerbate the energy demand of buildings. In particular
Santamouris (2014) found that energy increase isvery significant in cooling dominated
zones, there the rise of the summer energy needs is much higher than the possible
decrease of the heating needs in winter, as can be observed by the figures reported.
Although the available studies comparing the energy consumption of similar buildings
located in urban and rural zones are quite limited, existing data reveal s that the average
increase of the cooling load because of the heat island is statistically significant and in
averageiscloseto 13%. So far, limited studies are avail able regarding the global energy
penalty induced by the urban warming on the total building stock of acity3.

38 As shown by Santamouris (2014) and Santamouris et al. (2015), calculations performed for a set of different cities around the
world have demonstrated that the global energy impact of higher urban temperatures is very important. The average global energy
penalty per unit of city surface is significant (2.4 kwh/m?), while the average Global Energy penalty per unit of surface and degree
of UHI intensity is close to 0.74 kWh/m?/K. In parallel, the average global energy penalty per person is close to 237 kwh/p and
the global energy penalty per person and per degree of the UHI intensity is around to 70 kWh/p/K. These figures consist of
preliminary information may change when more data are available. Based on a significant number of studies it is calculated that
the average increase of the cooling demand of representative buildings during that period 1970-2010 was close to 23%. In parallel,
the corresponding average reduction of the heating load is around to 19%, while during the same period, the average total energy
load of representative buildings spent for heating and cooling purposes increased by 11%. The specific studies and analysis make
clear that urban warming has a very significant impact on the global energy consumption of buildings.
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A holistic approach

From the previous results both from Peristeri and Evripidou area it was
identified the importance of the presence of greenin both cases. Although, on Peristeri
stand-alone buildings the effect was more noticeable and the decrease of the energy
demand was measurable not only in comparison to the HI effect but also on the normal
standard climatic conditions. Asaresult the same apartments already simulated in their
asitisconditioned in anext step were simulated on the retrofitted scenario and the three
different climatic conditions so asto compare and discuss all the possible results on the

energy performance of the building in the urban context.

The same procedure analyzed on the previous paragraphs was followed. The
south-oriented residential apartments at the first, third and last floor of the double
building block B6 of Peristeri have been taken as reference units. Simulations have
been performed for the summer period, the hottest months and were the HIE is more
evident (from 1% June until 31" August). The apartments are now simulated on the best
renovation scenario which corresponds to: roof and wall insulation, new windows,

green roof.

New climatic file was created for the selected horizontal sections that
correspond to Peristeri climatic conditions and to the new greener redesign of this

studied urban area.

The standard climatic data used by design builder (IWEC climatic data file)
have been modified in two different and opposite ways. On the one side, they have been
decreased according to the correspondent value of external temperatures from the Envi-
met calculations; on the other side, the same data have been increased as a function of

measured data in the correspondent meteorol ogical station of the center of Athens.

Results of the energy demand for cooling (kwWh) of these apartments, for the
whole summer period, are reported in Table 12. As shown, these results are highly

variable as afunction of external temperatures.
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Energy demand for cooling (kWh)

(standard air temperature) (HI effect) (Modified by green)

(kWhely) (KWhely) (KWhely)
As it is scenario
Apt 1 (first floor) 1122,55 1348,37 926,54
Apt 2 (3th floor) 990,98 1202,45 “a"}!‘ 874,06
Apt 3 (6th floor) 1211,22 148349 ,¢**| o 106735

Rennovation ot R
scenario et o

Apt 1 (first floor) 876 4 1029 p° 742
Apt 2 (3th floor) 867 1000 793
Apt 3 (6th floor) 948 1092 893

Table 12. Cooling demand values in three reference apartments in the built asit is and in the
basic renovation of the building block B6 in Peristeri on the three proposed urban scenarios.

In this total and comparative table a lot of interesting results and assumptions

can be analyzed.

First it can be concluded that comparing the first column ( standard air) that
refers to the renovated apartment and the third column ( modified by green) that refers
to the “ as it is” apartment the energy demand expressed in KWHel/y result at the same
level, which more specifically means that in case studies like the urban context of
Peristeri, by adding extra green on the outdoor environment, by changing the material
and create shading spots, so in detail improving the microclimate may lead to the same
results of a standard building retrofitting. This can also be effective in cost analysis

demand in awhole neighborhood.

Second, it can be observed, as far it concerns the HIE and the intense climatic
conditions documented especialy on Peristeri area, by the basic retrofitting on a
building scale the energy demand for cooling of the apartment does not arrive to the
equal level if we compare it with the demand on the scenario with the improved
microclimate and without any renovation on the building. It is resulted that the
improvement of the microclimate on the urban context and of the outdoor conditionsin

this case is more effective.
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Third can be highlighted that depending the case study and the conditions of
each building and the external area, the best case scenario is the combination of the
improvement of the microclimate whichisaresult of a sustainable redesignin an urban
scale and a standard retrofitting of the building. As it derives from the Table 12 the
percentage of decreasement on energy demand for apartment on the 6" and the last
floor of the building,between the as built scenario and standard climatic conditions and
the renovated building with the improved by green climatic conditions, can reach a 30-
40 %.

It can be concluded urban settings and buildings in order to reduce the specific
impact of urban heat island and global overheating on electricity consumption should
be more adaptable to specific climatic conditions considering the built environment in
its different scales and conceiving the retrofitting options in the existing built
environment and in its urban boundary conditions as a unique system. In fact, energy
demand and energy retrofitting options should be observed, with the same gravity also
to the open spaces and environments of the city and not only in reference on the building
block, thus considering the buildings and the related open spaces as the main sector of
energy investigation and the consequent global effects that result from the collaborative

strategy and its effects of all the buildings and open areas of the urban environment.

As a consequence of this chapter, it can be told with certainty that the nearly
zero energy buildings may reduce in a significant way the energy needs and thus the
resulting stressto the utilities and the consumers. In parallel it was documented that the
urban adaptation and the devel opment by the use of advanced and mitigation techniques
and technologies with the achievable goal to decrease the outdoor climatic conditions

in the built environments, may also reduce considerably urban temperatures.
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4.4 The energy saving potential of green and passive techniquesin the
urban environments

The increased industrialization and the replacement of natural landscapes and
constructed dense built zones has radical affected the urban environment and as an
extension its atmosphere, causing the thermal degradation of urban climate and the
environmental efficiency of buildings. The resulting evolution of urban areas created a
situation where the temperature of the cities is much hotter than the one of its
surroundings. The last decades, the average annual temperatures in many cities have
increased by as much as 3°C.

Morphological and spatial geometry of buildings, together with the thermal
properties of surface coatings and, most of all, green surfaces have a strong potential
on the energy performance and cooling demand reduction in urban areas. Thus,
planning strategies to reduce the cooling demand at the city level of the Mediterranean
Region should consider green and natural components as the main tools for improving

climatic conditions urban areas.

At the territorial and urban scale it has been largely demonstrated that plants
have a strong effect on climate: trees and green spaces can help cool our cities
(Santamouris, 2001) (Buttstadt et a, 2010) and save energy (Y amashita, 1996). Asiit
was mentioned on previous chapters, green also help the mitigation of the greenhouse

effect, act asfilter pollutants, and filter city’s noise (Ferrante and Mihalakakou, 2001).

Therefore, considering vegetation in urban areas can alleviate the greenhouse.
In the Mediterranean hot climate, vegetation planted around buildings can alter the
energy balance as well as cooling energy requirements of buildings by sheltering
windows, walls, and rooftop from strong solar radiation as well as radiation reflected

from the surroundings.

According to Ferrante (2016) “Realization and awareness of the climate
conditions, seasonal variations and climate change bring additional demands on the
planning and design of urban developments. In this context, an urban ‘climate-
sensitive’ design may be defined as a process that considers the fundamental elements

of microclimates (e.g., sun, wind, temperature) for design purposes. This concept is
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applied to benefit from the positivity of natural sources in urban microclimate
conditions and to mitigate, decrease and counter balance the negative effects of urban

dis-functionality through appropriate design and planning options.”

Improvement of the ambient microclimate in the urban environment involving
the use of more appropriate materials, increased use of green areas, use of cool sinks
for heat dissipation, appropriate layout of urban canopies, etc., to counterbalance the
effects of energy consumption’s increase in the urban areas. Construction of new
generating plants may help solving the energy generation to achieve nearly zero energy
buildings but cannot consist in the sole options asfar asit concerns the outdoor climatic
issues. Adoption of measures to decrease the energy demand in the urban areas, like the
use of more appropriate materials, increased plantation, use of sinks, etc., seems to be

amuch more reasonable option®.

With the redesign of the the building’s surfaces and facades by adding green
components or shading devices in the two different case studies in Athens, different
scenarios have been proposed and the obtained results of the experimental software
research models that was used to quantify the positive effects of these selected passive
techniques it was clearly highlighted that outer surfaces alternative design acts as a
principal microclimate modifier and deeply improves outdoor air climate and quality
(up to 2/3 °C reduction in ambient temperature) (Santamouris, 2001)#°. Although the
limits of the existing urban constraints in dense built urban zones the design of outdoor
spaces -even if reduced to the envelope of the buildings has been regarded as a key
factor to improve urban conditions in relation to both microclimate and reduction of

pollutants.

39 Such astrategy, adopted by the Sacramento Municipal Utility District, (SMUD), has proved to be very effective and economically
profitable, (Flavin and Lenssen, 1995). It has been calculated that a megawatt of capacity is actually eight times more expensive
to produce than to save it. This because energy saving measures has low capital and no running cost, while construction of new
power plantsinvolves high capital and running costs.

4 Other significant physical factors in the thermal performance of urban environments are wind flows and air circulation
(Santamouris et al, 1999), (Ricciardelli et al, 2006) as well as air stratification within urban canyons. In particular the heat island
effect and the microclimatic conditions typical of urban canyons (Bitan, 1992) appear to be strongly influenced by thermal
properties of the materials and components used in the buildings and on the streets (Buttstéadt et al, 2010). Comparative research
studies demonstrated that the use of cool coloured materials (Synnefa et al, 2007) and thermo-chromic building coatings can
contribute to energy savings in buildings, providing a thermally comfortable indoor environment, and, at the same time, highly
improve the urban microclimatic conditions (Karlessi et al, 2009).
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DISCUSSION

The nearly zero energy buildings of the selected urban settings is an achievable
goa. Although, a large set of possible solutions from best available products and
components should be technically applicable to achieve nZEBs, even in highly energy
consuming buildings. In both considered cases, to reach the Zero Energy, passive

retrofitting interventions and improvement of the microclimate are both necessary.

A combination of aternatives solutions in order to reach the objective of the
effective reduction of energy consumption towards zero energy buildings and districts
is and remains an objective is necessary. Especially in the Mediterranean urban areas,
where the intense combination of HI phenomena and global overheating is higly
documented, the wuse of open spaces, where water, green and selected passive
techniques may foster and accelerate the significant reduction in terms of energy
consumption isamain strategy that should be followed.

To sum up, the chapter has discussed and demonstrated the technical feasibility
of nearly Zero Energy in highly energy consuming building stock and urban settings of
Athens, arepresentative city of the Mediterranean Area. A further step is needed in the
effort of understanding the potential mutual effects of modified external conditionswith
respect to the energy performance of existing buildings. To provide an idea of the
potential of outdoor modifications on the energy performance of existing buildings in
this urban compound taking into account the mutual interactions between buildings and
open areas, further simulations have been run. In this chapter, is reported the
investigation into a new methodological framework for bridging the current gaps
between urban microclimate simulation at a neighborhood scale and indoor

environmental analysis at asingle building level.
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CHAPTERYV
POLICY RECOMMENDATION

PURPOSE STATEMENT

There is an increased awareness on how to design in accordance with the
environment and the climate. “Different climatic aspects such as climate conditions,
seasonal variations and climate change bring additional demands on the planning
and design of urban developments. Urban ‘climate-sensitive’ design is defined as a
process that considers the fundamental elements of microclimates (e.g., sun, wind,
temperature) for design purposes. This concept is applied not only to benefit fromthe
existing urban microclimate but also to mitigate it’s already stressed condition and
decrease the negative effects through design and planning options. However, this
concept requires a more scientific approach to evaluate its true meaning, which
implies a method of inquiry that must be based on empirical and measurable evidence

subject to specific principles of reasoning.” (Tapias & Schmitt,2014)

Cities demand a high-level of city planning with knowledge on how to adapt,
transform and reinvent built environments. In this sense, it is useful to consider
architectural design as a particular type of problem-solving process. In order to
support urban planning processes, there is a need of an automated method that could

provide solutions that help the construction of future cities.

The urban sustainability is a not a smple concept. The scenario of a
sustainable city refersto the future of the city and its citizens, to an effective local and
interacted policy making with the existence of economic and social aspects,
environmental long term objectives. It isillustrated in many researches that an energy

policy isthe main aspect and a key factor for urban sustainability.
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As a consequence by taking into account the social economical aspect and the
energy consumption aholistic solution is promoted with the use of amultilayer urban

policy with main principles of energy saving and urban sustainability.

. In this framework the awakening of awareness of the citizens is important
and could be achieved with information projects, workshops and communication
campaigns. It is stated that the successful exchange of knowledge and information is
underdeveloped. It is aso important to have comparative studies of sustainable city

effortsin general.

Datafor the case study of Greece have been collected by the report represented
for the EEI project “Monitoring of Energy Efficiency in EU 27, Norway and Croatia
(ODY SSEE-MURE)”. Energy efficiency trends and policies of the period 2000 —

2013 are analyzed and collected here as a summary.

In an overal view, till 2008 there was a yearly average energy consumption
of 3% with atotal incensement by 18% during the period 2000-2007. However, both
the implementation of energy use improvement and the economic decline had as a
result to a significant reduction of final energy consumption. The total final energy
consumption during this period follows an average decreasing trend of 6% per year,
that lead to a significant reduction of final energy consumption by 30% during this
period. (CRES, 2015)

Dueto economic downturn, Greece isa particular case for the European Union
energy consumption analysis. From ELSTAT and Eurostat is possible to highlight the
result of the economic recession on the Greek economy during the period 2007-2013.
All sectors of economic activity show a decrease in Gross Vaue Added, particularly
for the period 2009-2013, where the impact of the economic recession was being felt

in the real economy.

The development of the net disposable Income per inhabitant appearsto follow
gross national product which shows a continuous annual increase during the period
2006-2009 and a significant annual decrease in the period 2009-2013. The total
reduction in the Net Disposable Income per inhabitant amounts to 21% in the period
2009-2013 and 10% during the period 2006-2013 (Figure 5.1). (CRES, 2015)
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Figure 5.1: Reduction in the net disposable income per inhabitant (Source
EUROSTAT)

In this framework on EU H2020 targets (20% energy reduction ect.) there are

two very challenging sectorsin Greece: (i) Building sector and (ii) Transportation

Building sector in Greece consumes the 37% of the final energy. Until 2006
the residential final consumption was increasing steadily, though the effects of the
already mentioned economic downturn with the combination of the energy efficiency
measures that have been implemented on 2007, led to a significant decrease on the
residential sector. The residential energy efficiency index (ODEX) for Greece has
decreased regularly by 14%, between the years 2000 and 2013.

On the second sector, the transportation, it is noticeable that the period from
2000 to 2009, the final energy consumption had a steadily increase of final energy till
a 26%. This situation showed to change and lead to a decrease due to the reduction of
petroleum products consumption. The last years a decrease of 31% according to 2000
was documented and this is highly due to the measures that contributed to the
significant energy savings. (High taxation of vehicles with CO2 emissions, public
awareness and education measures to increase use of public transport and promotion

of economical driving).
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5.1. Energy efficiency policy background. European directives,
National & local legisative framework

In order to have a holistic approach the main Greek laws and regulations, and
also local standards were analysed.

In 2009, the Greek government followed a political strategy with the initiative
of ‘green sustainable development’. This political reform led to numerous and policy
measures that include the establishment of the Ministry for the Environment, Energy
and Climate Change (YPEKA) with the aim to bring under ones control, the
administrative structure respecting the bodies and the authorities involved taking into
account energy, environment and fiscal considerations including the long term
requirements to address climate change.

Specifically, acomprehensive institutional framework for the energy efficiency
and certification of buildings, the technical specifications of new buildings, the
obligations of the public sector and energy providers, and the mechanism to monitor
and assess progress in the achievement of the national target was devel oped.

Emphasis was put on devel oping the appropriate structures (records, databases,
technical guides), necessary for implementing the regulatory framework developed, as
well as on public consultation with market players, with a view to ensure that this
regulatory frame-work iswidely accepted. It was established the Special Secretariat for
the Environment and energy Inspectorate (SSEEI) under the responsibility of the
Ministry of Energy in order to control and monitor the implementation of Law
3661/2008* and the measures concerning the reduction of energy consumption of
buildings, and issuing energy efficiency certificates.

The main pillar of all the efforts towards achieving the EU target of improving
energy efficiency is Directive 2006/32/EC, transposed into Greek legislation by means
of Law 3855/2010*.

41 Law 3661/2008 (Government Gazette, Series |, and No 89) was released by the Greek government in May 2008
and refers to the obligatory measurements for the reduction of the energy consume of the buildings. It was also
introduced the regulation of the energy performance of buildings.

42 |_aw 3855/2010 (Government Gazette, Series |, and No 95) was released by the Greek government on June 2010
and refers to the obligatory measurements for the reduction of the energy final consume, energy services and extra
regulations. The national goals and target are introduced and formalized about the energy saving, the legislative
framework is set and are foreseen the economical means for the achievement of these goals
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The main actions and measures that were launched from 2007 onwards as part of
achieving energy savingstarget at arate of 9% in end-use until 2016, wereimplemented
at national level and mainly involved the development of the institutional and
regulatory frame-work for adopting policies, obligations and strategies in al end-use

sectors, as part of improving energy efficiency.

“In October 2012, the European Commission adopted the new Directive
2012/27/EU on energy efficiency with clear focus on achieving the overall energy
efficiency target of reducing primary energy consumption by 20% by 2020. The
requirement to amend Directive 2006/32/EC on energy services and to adopt the new
Directive 2012/27/EU on energy efficiency was the result of the signs of divergence in
achieving the target of Directive 2006/32/EC which were apparent from the National
Energy Efficiency Action Plans (NEEAP | & 11) already submitted by the Member
Sates, and the need to update the legal framework for energy efficiency in the EU.

Directive 2012/27/EC came into force on 4 December 2012, repealing Directive
2006/32/EC and Directive 2004/8/EC on cogeneration, with a deadline for compliance
of 5 June 2014. Progress towards the indicative energy savings target of 9% by 2016
under Directive 2006/32/EC is a benchmark in the context of Directive 2012/27/EU
and is part of this National Energy Efficiency Action Plan (NEEAP)”".(CRES, 2015)

150



Energy and architectural retrofitting in the urban context of Athens

5.2 PRINCIPAL NATIONAL ENERGY EFFICIENCY TARGETS#

Energy efficiency new Law 4342/2015 introduces some important milestones
demonstrating the trend of compliance with the recommendations of the 2012/27/EU
Directive. A national energy strategy and an energy efficiency target was set for 2020.

This section presents main energy efficiency measures, which will be adopted
for the implementation of Articles 20 and 21 of the Law 4342/2015 and are more

connected with this research,

Financial support for energy saving technologies and research

For the information and research level, the Greek government aims to achieve
public aid mainly for private investment for renewable energy sources, promote
cooperation between undertakings, research bodies and educational institutes so as to
develop research projects and as a result to achieve the production of innovative
products.

This could be possible with the financial support of various investing
programmes for energy saving technologies and research [Law 3908/2011 ‘Enhancing
Private Investment for Economic Development, Entrepreneurship and Regional
Cohesion’ (Government Gazette, Series I, No 8, 01-02-2011), as recently amended by
Law 4146/2013 “Creation of a Development Friendly Environment for Strategic and
Private Investments and other provisions’ (Government Gazette, Series I, No 90, 18-
04-2013), aims at strengthening financial support to investments for the promotion of

the green economy.]

43 The information mentioned and analyzed at this chapter consist part of the

“Energy Efficiency trends and policies in Greece”(Minas latridis, Centre for Renewable Energy Sources and
Saving (CRES), Greece ,Fotini Karamani, Centre for Renewable Energy Sources and Saving (CRES), Greece,
2015)
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Increase on building factor and Tax exemptions on energy savings interventions
Numerous laws have introduced taxes incentives with the aim to promote
energy efficient technologies/ interventions.

As an example increase of the plot ratio to 10% in eligible if the building constructed
on that plot demonstrates high energy efficiency ratio or environmental performance
(The Article 25 of Law 4067/2012 (Government Gazette, Series |, No 79, 09-04-
2012) “‘New Building Code’). There is a series of measures that could be followed so
asto have a plot ratio increase up to 25%.

In case that the plot is at least 4000 sg.m. (art.10 of the Law) and it is provided up to
100% to common public, use is eligible an increase of the plot ratio by 35% and
additional height up to 30% the above the permitted limit of the area, under the
conditions that the percentage reduction of the authorized area of plot has a reduction
of 35% and the number of buildings created are less than B / 2. (B=existing building)
Is allowed the unification of internal courtyards of the blocks with the scope of the
common use of the occupants but by respecting the rights of the ownership. In thisway
an increase up to 20% of the permitted building is alowed while maintaining the
compulsory open spaces. (For property of the State or the municipality, the increase of
the building factor is 50%),

“The Law 4178/2013 ‘Tackling illegal building - Environmental Balance and
other provisions’ (Government Gazette, Series I, No 174, 08-08-2013) provides that a
joint decision of the Ministers for Finance and for Environment, Energy and Climate
Change may allow the amounts paid for services rendered, work and materials on the
energy upgrade and the structural adequacy of buildings erected before 2003 to be
offset against the special fine, up to 50% of the fine. Moreover, Article 51 provides that
for legally existing uses of buildings or facilities which are retained, and also for uses
covered by building permits issued under Article 26 of Law 2831/2000, it is permitted,
within a period of three years, to carry out energy upgrading works and works on the
layout of building with the purpose of improving the environment, on the basis of the

building regulations which were applicable at the time the derogation was granted.
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The Laws 4110/2013 (Government Gazette, Series |, No 17, 23-01-2013) and
4172/2013 (Government Gazette, Series |, No 167, 23-07-2013) repealed the
exemptions for expenses for energy efficiency improvement interventions, as
implemented under Law 3522/2006 (Government Gazette, Series |, No 276, 22-12-
2006) and Law 3842/2010 (Government Gazette, Series|, No 58, 23-04-2010)” (CRES,
2015).

However, the new legidlation is expected to introduce a reduction in income
taxation at a specific percentage of the costs for energy upgrading interventions (install
anatural gas system, thermal insulation, solar systems etc), of buildings. In general the
New Building law 4067 (Government Gazette, Series |, No 79, 09-04-2012) is focused
on the energy efficiency at the urban scale and building scale.

To sum up, the two main areas that has introduced are:

1.Increase of the building factor

- Createsincentivesto increase the building rate to offset environmental or social
benefits. 1.e. creating energy building, green roofs, land combinations, limited
coverage, and use of external insulation and thick walls of natura materials,
double energy shells.

2.Promotes the bioclimatic design and ener gy savings

- Is not counted in construction and covering factor, the structures and the
elements used for improving the bioclimatic behaviour of the building and
reducing the energy consumption

Puclic spaces: a bioclimatic upgrade

At the urban level, bioclimatic interventions in areas where intense climatic
problems are documented with the purpose to improve the level and quality of life,
improve local economic conditions, improve the microclimate and al the social factors
associated with the phenomenon of climate change in the cities. The programme
‘Bioclimatic upgrades of public open spaces’ has specific climate targets and are
accompanied by fully developed studies and research. Indicative interventions are the
increase of open spaceswhile reducing the hard surfaces by replacing the materialswith

adequate ones with criteria of reducing pollutants, photovoltaic surfaces, etc.
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Introducing shading systemsin street level, green areas, organized spaces adaptable for
summer and winter period.

Energy Saving Programme
“Energy Saving” (EZOIKONOMQ in Greek) programme has as a purpose the
implementation of multiple actions and best practices for achieving the reduction of
energy consumption so as to urban scale but with amain target the building sector. The
law aims at upgrading the public spaces and of implementing technical interventions/
actions to raise knowledge and motivate citizens, local authorities, public and private
sector in supporting the energy saving measures
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5.3 ANALYSISAND RECOMMENDATION

It is a redlity that Europe is leading towards a shared and common vision of
urban development. Despite the clear potential of urban areas for assisting the EU's
economic, social and cultural development, the EU policy response has been slow and
with a holistic approach. Cities and urban environments should have a more important
part in the design and execution of EU policies and that decision making should reflect
in a better way the urban reality. With around two thirds of all EU sectoral policies
having an impact on Europe's towns and cities, the EU is dependent on them for their
successful implementation and for achieving the Europe 2020 objectives of smart,
sustainable and economic growth. Thus, it is impossible to meet the Europe 2020
objectivesif sectorslike environment or transport are put inisolation. In order to deliver
the best result, should be ensured more effective coordination and collaboration
between the decisions and policies referred to urban areas. Additionally, all the efforts
including local, national and EU levels of governance should meet with the goal to
deliver the best results. This can be achieved by developing a common framework of

action an EU urban agenda. (C. van Lierop, EU 2015)

However, despite discussions for decades at intergovernmental level on
coordination of urban related topics, progress remains limited. Cities have increasing
difficulties in dealing with the effects of climate change (heat, heavy rainfal, etc.),
congestion and air quality in cities is often deteriorating, urban poverty remains an
issue, etc. To address these challenges, the city level needs to be better taken into

account when designing and implementing EU policies.
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This chapter aims at proposing and offering a practical guideline with reference
to urbanistic design approach, based on acomparison with other energy policies around
Europe. The list of sectors analysed and proposed are based on the results and the
hypothetical scenarios of this research that can be implemented in various urban
complexes in the Mediterranean area which have similar climatic and geometrical
characteristics as the two case studies presented in the urban complex of Athens,

Greece.

In the urban environment it is extremely important to design outdoor spaces
in a unified approach that interferes with the building surface. In cases where exist
urban constraints due to dense built urban areas, the intervention is reduced to the
level of the envelope of the buildings, (with green fagade components or shading
devices).Also the a the use of natural components have been regarded as key means
to improve urban conditions in relation to both microclimate and reduction of

pollutants.

Improvement of the ambient microclimate can be achieved and is proved on
this research in the urban environment by the use of more appropriate materials,
increased use of green areas, use of cool sinksfor heat dissipation, appropriate layout
of urban canopies, etc., to counterbalance the effects of energy consumption’s
increase in the urban areas. Construction of new generating plants may help solving
the energy generation to achieve nearly zero energy buildings but cannot consist in
the sole options asfar asit concernsthe outdoor climatic issues. Adoption of measures
to decrease the energy demand in the urban aress, like the use of more appropriate
materials, increased plantation, use of sinks, etc., seemsto be a much more reasonable

option®,

4 Such astrategy, adopted by the Sacramento Municipal Utility District, (SMUD), has proved to be very effective and economically
profitable, (Flavin and Lenssen, 1995). It has been calculated that a megawatt of capacity is actually eight times more expensive
to produce than to save it. This because energy saving measures has low capital and no running cost, while construction of new
power plants involves high capital and running costs.
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As it was mentioned in previous chapter measurements developed by the
Group Building Environmental Studies, have shown a dramatic higher temperaturein
the Central Athens area than in the Suburban areas by 10-15 °C. In the same research
frame, research works devel oped within the frame of the Research Project POLIS in
Athens (Ferrante et al., 1998) have showed some appropriate proceduresto design the
use of natural components such as green roofs and pedestrian permeable surfaces in
the streets- within urban canyons. It is evident that microclimatic enhancements in
urban scale involving water systems, planting of trees and lightening of colours in
urban surfaces may be able to decrease pollution loads and save huge amounts of
energy, improving consequently both indoor and outdoor comfort conditions. In such
dense urban environment, where open free spaces among buildings or large courtyards
are not always available the possible use of passive natural el ements are necessary/.
An urban energy concept has to address these problems investigating, at a smaller
scale, the building envelope and the potential of selected passive techniques such as
building materials and components, shading devices (including green ones such as
pergola), low albedo surfaces, in order to minimize therma discomfort both in the
open spaces and into the buildings. Although it was showed in previous chapter, by
analysing the results of the improvement of the microclimate that with the use of
passive natural elements on the courtyards of Evripidou area, that locally there was
demonstrated a reduction of temperature up to 5 C degrees.

This outcome should be under consideration for decision makers and planners
that using new energy legislations, i.e. Law 4067/2012 art.10, analysed on previous
paragraph on how unifying the courtyards and exploit it by the public could aso
increase the plot ratio and it could actually create a new urban redlity if they are
exploited and used thoroughly and properly.

In the dynamic scheme below it is shown a conceptual connection and the
steps between the levels of interaction for a holistic approach on urban and building
sustainability. The results of this research verify that by improving the microclimate
of an urban area there is a significant decrease on the building energy demand on

cooling during summer period.
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Thereisahiglist of proposals on how to decrease the energy consumption of buildings
inacity level. However, and according to this research perspective, the main concerns

and technological ideas that may be well highlighted in priority are:
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Improve the Urban Microclimate with the aim to defeat heat island and reduce the
energy needs for cooling for the summer period,;

Adopt the concept of the compact city. Reducing the needs for transport as well as
the energy consumption of buildings is gaining an increasing acceptance. Increase
on dependence on public transports, cycling and walking may be applied to create
amore sustainable urban environment.

Use of sustainable energy supply systems based on the use of renewable sources
like solar and biomass district heating and cooling both in urban and building scale.

Integration of passive techniquesin the envelope of new and existing buildings.

In parallel, a series of institutional, economic and regulatory actions are evaluated as

important.

The development of a new more efficient legislative frame on the energy
performance of buildings. The development of the new European Directive on the
Energy Performance of Buildings is a very good base to further improve the
efficiency of urban buildings.

Integration of the environmental cost in the price of goods and services

Adoption of ‘green awareness’ by the inhabitans

Involvement of local authorities on the production, maintenance and management

of the energy systems on the city level.

In the following tables some of the above most indicative and critical ideas are further
developed.
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OBJECTIVE/GOALS

To achieve livable urban environments and sustainable
neighbour hoods

TARGET GROUP

Local governments, state authorities, private sector

TOOLY
INSTRUMENTY
MEASURES

Public-private partnerships are defined as an officid
agreement between a public authority and a private sector in
order to deliver a service or public benefit. These
partnerships play a crucia role in building complete
neighbourhoods and livable urban environments with access
to public transit.

CRITICAL ISSUES

Agencies and cities cannot create transit-oriented
communities on their own. However, typical challenges to
developing transit-oriented urban development include:
Land public ownership: government agencies may lease
land, instead of selling outright, to developers, asin thisway
it is affected the financing rates available to developers.
Delays in construction and safety reviews. Challenges in
marketing developments once complete. Loca authorities
can overcome these challenges through:

Funding for specific projects referred to infrastructure
development, land acquisition, assistance with pre-costs.
Faster review times by the local agencies. Take into
consideration as guidance other European successful large
scale public- private collaboration
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OBJECTIVE/
GOALS

Recommendations for Promoting Renewable Ener gy:
State and Local Governments as key factors in providing
investment motives

TARGET GROUP
TOOLY
INSTRUMENTY
MEASURES

State - Local governments

Long-term investment by governmentsis critical to supporting
the types of technology development and implementation
needed in order to encourage a renewable future and a
sustainable design. State and local government play akey role.

CRITICAL
ISSUES

There is a significant opportunity for states to expand tax
incentives designed to improve industrial energy efficiency.
Local governments should take effective action to reduce their
own carbon footprint. Local governments can reduce taxation
to commercial and residential enterprises who reduce their
environmental impact through the installation of green
technologies. These investments must be significant so as to
make the green technol ogies affordable to large percentage of
the population.
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OBJECTIVE/GOALS

Unique European standards for energy efficient
buildings and environments

TARGET GROUP

TOOLY
INSTSRUMENTY
MEASURES

European Commission, Member countries, Loca
governments and authorities

In the common am to promote and achieve energy
efficiency in buildings and urban environments and to
guarantee reliability, it is necessary to create a unique
standard and commit to it.

CRITICAL ISSUES

Collaboration and cooperation between the member
countries’ governments should be achieved in order to
consign to a main standard. The economy would have clear
benefits and the construction and engineering sector be more
competitive. Each country and the responsible
municipalities, which often control and write the building
code regul ation, should implement their own regulations and
choose differing standards for the promotion of energy
efficient buildings. A coordinated process could result in
better synergies.
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V.
OBJECTIVE/ Useof intelligent and public transport systemsasamedium
GOALS to improve high mobility in towns and cities. M obility

including busses, trams, E-cars, E-scooters and bicycles as
a part of transforming the transport sector
TARGET GROUP | Public authorities, planners and engineers, businesses,

companies
TOOLY The current transport system in al the cities especialy in
INSTRUMENTS  Greece, and specifically the automobile-dependent part of
MEASURES transportation systems, is based on fossil fuels. Fossil fuel

engines are not efficient and are one of the main contributors
to emissions and the air pollution in large cities and also
climate change. All car producers are responsible to change
their technologies and invest in hybrid and electric
technologies. Reducing CO2 emissions is a target that has to
be fulfilled by 2020 within the EU , in order to avoid financial
punishments. E-mobility isan opportunity to reduce emissions,
noise and fine dust in towns and cities.

CRITICAL E-mobility is predicted to be the future technology and is
|SSUES starting to gain broader interest. Reliable vehicles are on the
market (by producers such as Nissan, BMW, Renault, VW)
and different countries around Europe start to force E-mobility
and to punish fossil fuel cars. In Norway for example,
conventional cars are taxed highly In Estonia a dense
infrastructure of fast-charging stations was established and the
purchase of E-vehiclesishighly subsidized. The EU hastargets
to increase the fleet of electric and hybrid cars until 2020 by a
significant amount. E-vehicles (also buses, scooters and E-
bikes) are more energy efficient than the traditional fossil fuel
vehicles. They also create new industries as well as new jobs.
Furthermore planners should consider this new approach as it
will affect the way urban planning is considered.
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V.

OBJECTIVE/
GOALS

TARGET GROUP

Creation of cycling highways and urban infrastructure,
promote urban cycling share by implementing public bike
sharing system

Public and local authorities, Mayors, planners and engineers

TOOLSY
INSTRUMENT/
MEASURES

CRITICAL
ISSUES

Athensin particular but aso big towns and cities of Greece are
characterized by being dense; dense in terms of population,
infrastructure, building sector, cultures, etc. There is a
significant increase in the will of people worldwide to live in
cities. Thisisachallenge and opportunity at the sasmetime. The
challenge is how people can move around the complex city
urban tissue with the minimum of time. The Opportunity is, in
everything being close together. Traditional traffic (cars etc)
can be step by step be excluded and should start concentrating
on environmental friendly and energy efficient transport
modes if possible. Cars could be avoided in well-organized
urban environments and every distance could be done by
public transportation, cycling and walking.

Traditionally cycling European cities such as Copenhagen and
Amsterdam have proved, that a real increase in cycling share
can only be achieved by infrastructural and awareness raising
measures. It is highly important to have fast and sufficiently
proportioned cycling highways (e.g. in London). Furthermore
bike sharing schemes in larger cities may help to promote
cycling Special bikes, such as peddles, folding bikes and
especially cargo bike broadens the use of cycling. These
actions if applied to urban planning assure the increase of the
green surfaces and pedestrian streets as less high traffic streets
will be needed. Planners should take under consideration that
with the suitable design and analysis of the situation described
the gain of open spaces in local level will be significally
augment. As a result apart from the energy efficiency of the
bicycles by their own, this new approach will promote a more
sustainable holistic design for the whole city. By organizing
locally the neighbourhoods and then step by step
interconnecting them, Athens for example or every large city,
can reach to a point that will have a sustainable network of
circulation, green and open space.

This measures should be taken under the consideration and the
approval of the local authorities and interact with the local
regulations.
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VI.
OBJECTIVE/ Reduce the restrictions on the use of self-produced
GOALS electricity. Promote the use of photovoltaic panels and

systems and minimize the taxation of self-produced solar
energy or other renewable energy.
TARGET GROUP | State - Local governments

TOOLY In some countries, the use of photovoltaic systems is not in
INSTRUMENT/ favour of the citizens. In Germany and Austria, for example, a
MEASURES solar tax will be and has been implemented, respectively,

which will tax the use of self-produced electricity of solar
power. In Greece also, until now the building restrictions, the
high cost and the long bureaucratic procedure was setting
boundaries for the people to think in an energy efficient way
and to invest to that.

CRITICAL National authorities should release the market of producers. As

ISSUES a result in this kind of market will be expected that
technological development will go faster that under strict
regulations. This is also applicable to all complementary
technologies such as PV systems etc.
Especially to countries of South Europe like Greece, where the
climatic conditions are in favor of these technologies the
investment on this projectswill be suitable due to these specific
climatic circumstances.

Thisresearch work has demonstrated that the existence of green areas as a consequence
of amore sustainable urban design (new materials, shadow systems, reduction of traffic
etc.), has e significant effect on the energy performance on a building scale. These,
outcomes could already be included in the existing legislative framework of Greece.
Therefore, it is highlighted that there should be more incentivesin the legislative level
of Greece, regarding the addiction of green.
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Law 3908/2011 - Aid for Private Investment to promote Economic Growth, Entrepreneurship and
Regional Cohesion

Law 4001/2011 - Operation of Electricity and Gas Energy Markets, for Exploration, Production
and Transmission Networks of Hydrocarbons and other provisions

Law 4046/ 2012 - Approval of Plans of Financial Facilitation between the European Financial
Stability Facility (E.F.S.F.), the Greek Republic and the Bank of Greece, the Plan of
Memorandum of Understanding between the Greek Republic, the European Commission and the
Bank of Greece

Law 4110/2013 - Provisions on the Taxation of Income, Regulations on Issues pertaining to the
competence of the Ministry of Finance and other regulations

L aw 4146/2013 - Creation of a Development Friendly Environment for Strategic and Private
Investments

Law 4178/2013 - Tackleillegal building , environmental balance and other provisions
Law 4342/2015 - Energy Efficiency
Ministerial Decision D6/7094/2011 - Framework method-ology for measuring and verifying

energy savings for achieving the national indicative energy end-use savings target-List of
indicative eigible measures to improve energy efficiency-Energy content of fuels for end use
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INTERNET LINKS

http://buildingscience.com/

http://www.journal s.€l sevier.com/energy-and-buildings/

www.exoi konomisi.ypeka.gr

http://www.eie.gr/archaeol ogia/gr/chapter more 9.aspx# 17

http://revistas.ucm.es/index.php/ CHCO/arti cl e/viewFile/40066/38495

http://users.clas.ufl.edu/kapparis/aoc/athens.htm

http://theses.univlyon2.fr/documents/getpart.php?i d=lyon2.2008.dimitropoulou m& part=294513

http://envi-met.com/documents/onlinehel pv3/hs740.htm

http://ec.europa.eu/regiona policy/en/policy/themes/urban-devel opment/agendal

http://www.europarl .europa.eu/RegData/etudes/BRI E/2015/565865/EPRS BRI(2015)565865 E
N.pdf

https://era.gv.at/object/news/2458

http://www.europanu.nl/id/vk238999g0ba/nieuws/eu urban agenda bringing europe closer?ctx
=vg9pk3gd26zl & sOe=vhdubxdwarzw

http://edz.bib.uni-mannhei m.de/edz/doku/adr/2015/cdr-2015-5511-en.pdf

http://epthinktank.eu/2015/07/15/devel opi ng-an-eu-urban-agenda/
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