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Introduction

The target towards carbon neutral cities emerges as a new way to mitigate the environmental pollution 
and the indisputable climate change, but it can also be the chance for the overall improvement of the 
quality of life by promoting the upgrading of the often low aesthetic quality of the urban environments. 
The objective of the research is to investigate renovation strategies at the city scale that will not only 
reduce the energy demand, but they will also promote the improvement of the city’s aesthetics. Two 
different typologies of urban block forms of the Greek city are examined, and four scenarios of renovation 
interventions are analysed according to energy and aesthetic criteria. 
The heating and cooling load demand is calculated through simulations for the four renovation scenarios 
which include:
 _ The improvement of the thermal insulation of the building’s shells.
 _ The use of phase change materials.
 _ The construction of green roofs. 
 _ The integration of passive solar and shading systems.

The findings of the research prove that the energy interventions at the urban block scale can define the 
degree of efficiency in the energy performance level without compromising aesthetics, as the added value 
resulting from higher aesthetics is a basic criterion for the overall improvement of the quality of life.

Keywords: energy efficiency, urban block form, energy renovation, city aesthetics, PCM, green roof, 
passive solar systems. 

Sustainable urban development has been a major target during the last decades. As cities are 
complex systems, their sustainability depends on the development in multiple levels. Therefore, 
different approaches have been proposed towards a sustainable urban development. Among these 
approaches and strategies are the examination of sustainable urban forms, the implementation 
of sustainable transportation, the integration of renewable energy in the urban environment, the 
promotion of recycling, the waste and water management etc.

At the same time the institutional framework in many countries has also been targeted in pro-
moting the sustainability of the urban environments, especially in the building sector where the 
majority of countries have set stricter building codes fostering energy efficiency following the 
recast European Directive 2010/31/EU  on the energy performance of buildings (Van Oorschot, 
Hofman, and Halman 2016)  and Directive 2012/27/EU on energy efficiency (European Union 
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2012). The institutional framework for the energy efficiency of buildings is also recently being 
reformed under the recommendation 2016/1318 of the European Commission (European Union 
Commission 2016) for the promotion of nearly zero energy buildings and the revised Energy Per-
formance of Buildings Directive 2018/844 (EPBD 2018). The EU aims to be climate neutral until 
2050 by proposing a European Climate Law to turn this political commitment into a legal obliga-
tion (A European Green Deal | European Commission n.d.). 

Under this direction, there have been many efforts to upgrade the existing building stock as there 
is a large amount of buildings which has been built in the past with low energy efficiency standards. 
On 14 October 2020 the Commission published a new strategy for renovation called “A Renovation 
Wave for Europe – Greening our buildings, creating jobs, improving lives” (COM(2020)662) (Reno-
vation Wave | Energy n.d.). Moreover, there is a broad research for tools, strategies and campaigns 
for existing buildings targeting to a zero energy development (R2Cities: Residential Renovation 
towards Nearly Zero Energy Cities n.d.), (Renovate Europe n.d.), climate neutral cities (CLUE n.d.) 
or innovative renovation strategies for building facades (Tsikaloudaki et al. 2019). In addition, ex-
cept from the energy efficiency, other aspects of building renovation are often considered for the 
existing buildings stock. Low construction quality and low aesthetics are often apparent in low 
energy efficient buildings. 

In most European cities there is a large amount of building stock both in the central areas and in 
the periphery of large cities which has been built in previous decades which has not been main-
tained properly for a longtime and in most cases, it cannot meet the contemporary needs in terms 
of quality of life, energy efficiency, economic viability and environmental protection (Robust and 
Reliable Technology Concepts and Business Models for Triggering Deep Renovation of Residential 
Buildings in EU | 4RinEU Project | H2020 | CORDIS | European Commission n.d.). Apparently, a 
sustainable approach should target at an integrated renovation of existing buildings as, on the one 
hand, the majority of city centers have already been built and on the other hand, a new building 
replacing a demolished one would need many years to counterbalance the embodied energy loss 
from the demolition (Craun 2012).  

The evaluation of the building stock has been a challenging issue during the past few years.

There is a broad research focusing on the energy consumption of the residential building stock 
(Sabunas and Kanapickas 2017) and on the investigation of renovation interventions of single 
family houses taking into account the target for nearly Zero Energy Buildings (nZEB) (Serghides 
et al. 2015), or in apartment buildings, including scenarios for green roofs (Karteris et al. 2016) or 
sunspaces (Fotopoulou et al. 2018).

Many investigators have been trying to develop methods for evaluating the existing building stock 
of cities through the definition of building typologies (Aksoezen et al. 2015), building archetypes 
(Mata, Sasic Kalagasidis, and Johnsson 2014), (Caputo, Costa, and Ferrari 2013), urban block ty-
pologies (Tsirigoti and Tsikaloudaki 2018). Other researches have proposed methodologies for de-
fining retrofit strategies with the aid of data-driven approaches (Ali et al. 2020) or other statistical 
methods (Fracastoro and Serraino 2011) in order to reduce the complexity of the urban tissue and 
the large number of building typologies of cities. 

Among the various characteristics used in order to categorize the building stock is the age and the 
construction type of buildings, the building height, the surface to volume ratio, the floor area ratio 
(FAR) and other geometry factors such as road width, height to width ratio (H/W), plan proportions 
etc. Several studies focus on all periods of construction including heritage (Energy Renovation 
of Heritage Buildings | Interreg Europe n.d.) or listed buildings, while others mainly focus on the 
non-protected building stock.

Retrofit strategies include building shell interventions in order to reduce the heat flow through 



Journal of Sustainable Architecture and Civil Engineering 2021/2/29
64

the building elements or more advanced interventions including lighting and heating system 
replacement, Renewable Energy Sources (RES) installations or even more innovative or hybrid 
technologies. 

In the first category the most common method used is the thermal insulation of the buildings’ 
exterior surfaces. The renovation strategies could target on both the horizontal and vertical exte-
rior surfaces, but the most common technology used is the addition of exterior thermal insulation 
composite systems (ETICS) in building facades and roofs. 

Concerning the energy renovation of facades, except from the conventional type of ETICS, there 
are also passive techniques in order to increase solar heat gains and the addition of shading for 
reducing cooling load. 

The addition of attached sunspaces is the most commonly used passive solar technology in build-
ing renovation, followed by the construction of double skin facades. Green facades have also been 
applied in many cases in order to improve the energy efficiency of buildings and to provide a new 
greener aesthetic in cities.

Green roof construction in existing buildings has also been examined as an energy upgrade ren-
ovation strategy of the building shell which can at the same time reduce heating and cooling load 
and improve the urban microclimate of cities. 

A more innovative energy renovation technology of the building shell has been the use of Phase 
Change Materials (PCM) which could increase the building’s thermal mass without adding signif-
icant weight to the construction. 

In existing buildings not all interventions that can be used in new buildings are applicable, because 
it is not always easy to integrate all systems in existing structures due to structural or construc-
tional barriers.

In the second category there are several kinds of installations of more efficient HVAC systems with 
fuels with less pollutant emissions, and several types of renewable energy sources systems, such 
as photovoltaics, ground source heat pumps (GSHP) etc.

There are also hybrid systems combining both approaches to maximize the efficiency of the inter-
ventions and to provide an integrated method for retrofitting buildings (aesthetic, lighting, energy, 
acoustics etc.) (E2VENT H2020 Project n.d.), (Ferrante et al. 2019). Most of the hybrid approaches 
target on specific energy rating or even on nearly zero energy buildings. 

These technologies and strategies are mainly targeted to the renovation of individual buildings 
resulting in a fragmented renovation of the building stock. This leads to a low impact of the ren-
ovation efforts on the overall city and on the inability to plan a wide scale renovation strategy at 
the city scale. Another issue resulting from this fragmented renovation is the low aesthetics of the 
city. On the one hand, there is no uniform renovation vision and each building is renovated without 
taking into account the condition of neighboring buildings and the overall image of the city and, on 
the other hand, the different strategies of renovation designed in adjacent buildings create an even 
larger uniformity on the appearance of the façades.

This is why there have been efforts to apply renovation strategies in a larger scale (Mastrucci et 
al. 2014), (Serrano-Jimenez, Barrios-Padura, and Molina-Huelva 2017), (Rovers, n.d.) in order to 
improve the overall quality of the building stock at urban scale and to design renovation in a more 
sustainable way in terms of promoting at the same time energy efficiency, quality of life, aesthetic 
quality and economy of scale.

The Form and the Energy Profile of the Greek Building Stock
The Greek city consists of a variety of building forms according to the period of construction, the 
distance from the city center and the building use. In most cases the central areas present higher 
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densities than more distant areas and the buildings form a continuous urban tissue as they are 
attached to each other. On the other hand, urban tissues appear to be more discontinuous in the 
periphery of city centers, while building heights remain relatively high in both cases. In even more 
distant areas, the urban tissue has lower building heights and lower density.  

Except from the form of historic buildings, most building forms which have been built after the 
50’s have been largely defined by the building regulations’ restrictions and rules. The multifamily 
apartment building, which is the most common building type met in the Greek city after the 50’s, 
can be easily analysed by examining the regulatory limitations and restrictions of each period. 

Even though the architectural form of the city can significantly vary, many building types follow 
common rules of form and geometry. The apartment buildings are characterized by typical floor 
plans. The ground floor has either a larger height when it has a commercial use, or it is elevated 
from the ground by 1.5 m when it houses an apartment. As a result of the typical floor plan, the 
facades also present a typical distribution of openings which is repeated in all typical floors. Fi-
nally, balconies have also typical form and dimensions in all floors. This means that the form of 
the Greek city in its best or worst architecture is characterized by a kind of uniformity resulting 
from the square urban grid and the dominant building type which has been developed as a result 
of a series of building regulations. As there are very few unbuilt spaces in the city centers, and the 
majority of existing buildings have been built between 1950 and 1980 it can be easily concluded 
that the construction of these buildings cannot meet the contemporary qualitative requirements 
in order to cover users’ needs and contemporary criteria of quality.

The main constructional system of these buildings is reinforced concrete load bearing structure 
and double brick masonry walls. As far as it concerns energy consumption most of these buildings 
present low performance as they have been built during periods where thermal insulation of the 
building shell was mandatory or even in earlier periods when the contemporary thermal insula-
tion materials were unknown. 

In addition, the overall construction and aesthetic quality remains low due to the fact that all in-
terventions that have been made on the buildings since their original construction have been im-
plemented in a random and arbitrary way without any central planning or design concept. These, 
interventions can be grouped into two main categories: 

First, several building elements have been added on building facades over the years, such as win-
dow shutters, shading overhangs, mechanical equipment for heating, cooling and hot water etc. 

Second, old and degraded materials and building elements have not been replaced since their 
original construction or they have spontaneously been replaced in some apartments by the own-
ers while in others they remain in their original form. Broken shading overhangs, eroded railings, 
or partially damaged façade claddings or exterior coatings on building facades define the appear-
ance of many Greek buildings.

As it can be easily concluded, the built environment of the Greek city faces issues of degradation 
due to three main factors: low construction quality, low energy performance and low aesthetic 
quality. The lack of renovation for many years has led to the emergent need for a renovation strat-
egy that will promote the improvement of these three parameters at the same time in order to 
upgrade the quality of the built environment in the Greek city.

During the past decade the Greek state has promoted some efforts to improve one of these three 
parameters -the energy performance of these buildings- mainly through economic incentives, 
which were imposed in order to comply with the European Directives for the energy performance 
of buildings. All efforts intended to improve only the energy performance of buildings without con-
sidering any other aspects of improvement of the overall quality of buildings and especially their 
aesthetic quality. On the contrary, many of these interventions contributed to a further degradation 
of the aesthetic and construction quality of the buildings. 
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The effort to improve the energy performance of buildings in Greece begun in 2008 with the fund-
ing for the replacement of old air conditioning installations in residencies. Split unit systems were 
replaced by new ones in the same random positions as the old ones.

The installation of solar thermal collectors for domestic hot water became more and more common 
on the rooftops of private houses or apartment buildings which were also promoted by state funding. 
Subsidies for the installation of domestic photovoltaics were also promoted by the state to promote 
RES. Solar thermal collectors or photovoltaics were installed on flat or inclined roofs in a random way. 

The promotion of replacement of existing central oil-based heating systems with natural gas local 
heating systems followed the same irrational positioning of the natural gas units on the buildings 
facades as well. 

In 2010, after the implementation of the National Regulation for the Energy Performance of Build-
ings (KENAK) (Greek Regulation for the Energy Performance of Buildings, FEK 2367 2017), fol-
lowed several programs with subsidies for upgrading the energy performance of buildings which 
among others included building shell thermal insulation interventions, shading systems installa-
tion or replacement of older ones. 

In 2011 the “energy saving in the housing sector program I” was launched and in 2018 and in 2019 
followed the “energy saving in the housing sector program II”. Recently, the “energy saving and 
energy autonomy in the housing sector” has been announced.

All these interventions, repeated in almost all buildings, resulted in even lower aesthetic image of 
the city, which in addition the degradation of many other elements of the facades such as railings, 
awnings and window casements have led to a crucial question for the future interventions target-
ing to the improvement of the energy performance of buildings. 

Scope and Objective
The scope of the research is to investigate smart renovation strategies at the city scale which can 
contribute at the same time on the limitation of carbon gas emissions, the improvement of the 
city’s aesthetics and the improvement of the overall quality of the city. The three main objectives 
of the research are: 
a. To prove that a sustainable energy performance renovation strategy could be more efficient 

if implemented at the urban block scale instead of the building scale, as it can provide added 
value on the aesthetics and building construction quality.

b. To investigate ways for the design and implementation of energy upgrading strategies on urban 
blocks.

c. To assess and compare the energy savings of the proposed renovation strategies.

The basic research question is if the tools targeted to the future energy performance improvement 
of buildings could also be used as a challenge to improve the overall quality of the buildings, taking 
into account the aesthetic parameter and the improvement of not only energy efficiency but also of 
the overall quality of construction. The research intends to propose ways of transforming the energy 
improvement of buildings into a challenge for the holistic regeneration of the cities’ overall quality.

For the scope of the study, two typical urban blocks with different form and geometry are analyzed 
in order implement well known energy improvement strategies which can as well promote the 
aesthetic upgrading of the buildings. 

The research intends to prove that aesthetic and energy improvement strategies and technologies, ap-
plied not in individual buildings but in urban blocks, can be combined in order to promote an integrated 
regeneration of the city’s quality. The recent recast energy performance regulation and the economic 
incentives it can provide to the owners if used for the design and implementation of interventions at the 
urban block scale can provide the opportunity for a holistic regeneration of the Greek cities.



67
Journal of Sustainable Architecture and Civil Engineering 2021/2/29

Description of the Analysed Cases 
As mentioned above, two models of typical urban blocks are analysed in order to implement sev-
eral renovation strategies and to compare their efficiency according to form and geometry factors. 

The first urban block is of discontinuous form, meaning that buildings are detached, while the 
second urban block is of continuous form, with buildings attached to the neighboring buildings in 
both their sides.  The plans and 3D drawings of the two examined urban bocks are presented in 
Fig. 1 and Fig. 2, while parameters of geometry and size are presented in Table 1.

Methods
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Several assumptions about the orientation, road width and climatic conditions have been made 
in order to eliminate these parameters from the results, making conclusions about form and 
geometry clearer. Both urban blocks are considered to have the same orientation (00) meaning 
that the north axis is parallel to the narrow side of the urban block plan. The road width for all 
the streets surrounding the urban block is 10 m, while the two urban blocks are situated in Greek 
climatic zone C. Greece is divided in four climatic zones (A, B C and D) according to the national 
energy performance of buildings regulation, with zone A representing the warmest climatic zone 
while zone D the coldest (Greek Regulation for the Energy Performance of Buildings, FEK 2367 
2017). In detail, the investigation is carried out for the climatic conditions of the city of Thessaloniki, 
which corresponds to a Mediterranean climate with hot and quite dry summers and relatively dry 
winters.  Monthly average temperatures and monthly solar radiation values for the city of Thessa-
loniki are presented in Fig.3 (a and b).
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The research investigates the way the urban block form and geometry can affect the performance of 
energy upgrading strategies and installations. Therefore, four different energy upgrading scenarios are 
analysed for each urban block according to energy efficiency criteria: 

1. Building shell thermal insulation. 
2. Green roof construction. 
3. Smart materials use (Phase change materials). 
4. Passive solar systems (sunspaces). 

The four scenarios are also designed according to three main aesthetic criteria: 

 The vertical organization of all mechanical installations in specific positions of the building 
facades. 

 The pre-installation design of solar collectors and / or photovoltaic panels.  
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The research investigates the way the urban block form and geometry can affect the performance 
of energy upgrading strategies and installations. Therefore, four different energy upgrading sce-
narios are analysed for each urban block according to energy efficiency criteria:

1. Building shell thermal insulation.

2. Green roof construction.

3. Smart materials use (Phase change materials).

4. Passive solar systems (sunspaces).

The four scenarios are also designed according to three main aesthetic criteria:
 _ The vertical organization of all mechanical installations in specific positions of the building facades.

 _ The pre-installation design of solar collectors and / or photovoltaic panels. 

 _ The unified constructional and architectural form for sun spaces and shading devices.

In the first axis of the research, all the above-mentioned interventions are designed and simulated 
in order to calculate heating and cooling demand. The research intends to assess each one of the 
four interventions in order to define the degree that it can contribute in the reduction of energy de-
mand for heating and cooling. The EnergyPlus 9.2.0 software, which is one of the most commonly 
used programs for modeling the energy performance in buildings, has been used for the energy 
simulations. All the simulations have been run for one year, using the standard IWEC weather files 
of Thessaloniki city. With regard to the heat balance algorithm, the conduction transfer function is 
employed for all the investigated scenarios except for the PCM because of its nonlinear behavior. 
Thus, in case of the PCM, the conduction finite difference algorithm (ConFD), that provides the 
opportunity to simulate materials with variable properties such as PCM, was used. Within this 
respect, the ConFD method is coupled with an enthalpy-temperature function to simulate phase-
change processes. Furthermore, the default ConFD model with 20 time steps per hour is used to 
assess the annual energy demand for all the examined cases, as recommended by (Tabares-Vel-
asco, Christensen, and Bianchi 2012).

In the second axis of the research, an aesthetic approach of the interventions in an overall urban 
block architectural design is proposed for each urban block. The design intends, on the one hand 
to prove that similar energy upgrading interventions can be applied at the urban block scale (as 
opposed to individual buildings) without compromising the aesthetic quality of the city and on the 
other hand it intends to give directions on how to develop guidance for developing policies and 
strategies in order to promote the energy upgrading interventions according to the urban block 
form and geometry.

a b

Fig. 3 
a. Monthly average 

temperature and 
b. Monthly solar 

radiation for the city of 
Thessaloniki
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Buildings’ construction and operation conditions
Several assumptions have also been made for the buildings’ construction and operation pa-
rameters. It has been assumed that all buildings have residential use on all typical floors and a 
retail use on the ground floor, meaning they have a similar operation and occupation schedule, 
respectively. 

According to the Greek building legislation framework, residence and retail are occupied 18h and 
9h per day, respectively. In addition, both residence and retail zones are temperature – controlled 
using the ideal load HVAC system, which removes the heat at 100% efficiency in order to supply 
conditioned air to the zones, meeting the load demands. Therefore, HVAC system schedules were 
matched to the occupancy schedules and a dual setpoint thermostat was selected to control the 
indoor temperature. The thermostat setpoint was set to 20 °C for heating and 26 °C for cooling, as 
recommended by the Greek regulation for the energy performance of buildings (Greek Regulation 
for the Energy Performance of Buildings, FEK 2367 2017) for residential and retail building uses. 
As far as ventilation is concerned, a constant rate of 1.25 ACH and 1.75 ACH is considered for hy-
gienic purposes during the occupied hours in terms of residence and retail, respectively, while an 
additional night ventilation is introduced between 22:30 and 07:00.

In addition, all buildings also have the same constructional system of concrete load bearing ele-
ments and brick masonry walls (which is the most typical construction system used in the Greek 
apartment buildings). 

Description of the energy upgrading intervention scenarios
First, a base case scenario has been considered in order to be compared with all the intervention 
scenarios. For the base case scenario all building elements (walls, roofs, beams and columns) 
have been assumed to be non – insulated, having poor airtightness, with an infiltration rate equal 
to 2 ACH during the whole day.

a. Thermal insulation scenario

The first scenario includes the conventional thermal insulation of the building shell, according 
to the minimum permitted values of the national energy performance of buildings regulation 
(KENAK) for refurbished buildings, as well as the buildings’ airtightness improvement, as the 
infiltration rate is considered equal to 1 ACH. Additional interventions are considered in the other 
three scenarios. The U-values of all building elements for the base case scenario and for the 
four upgrading scenarios, where thermal insulation is added on the building shell, are presented 
in Table 2. 

Building 
element

Description
Base case scenario Thermal insulation scenarios

U-value (W / m2K) U-value (W / m2K)

Walls
Exterior reinforced concrete elements 3.25 0.45

Exterior brick masonry 1.72 0.45

Slabs

Interior R.C. slabs 2.74 2.74

Flat roof 2.11 0.40

Reinforced concrete slab on ground 2.65 0.75

Openings
Windows 5.81 2.80

Doors 5.81 2.80

Table 2
Material’s thermal 
properties description for 
the base case scenario 
and for the thermal 
insulation scenarios
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b. Green roof scenario

As the existing buildings’ structural system has not been designed to carry the loads of a green 
roof, for the second scenario an extensive green roof type has been considered for all the flat roof 
surfaces of the urban block.  Extensive green roof types are thin lightweight roof systems that 
typically have a planting media measuring 6 to 20 cm. For the simulations, a 9 cm soil has been 
considered, corresponding to a U-value of 0.3 W / m2. K.

c. Phase change materials scenario

For scenario 3 the Phase Change Materials (PCM) taken into account are embedded in a 3 cm smart 
board in all the exterior walls and all walls facing a non-heated space, in order to both reduce the 
energy demands and to improve the indoor thermal comfort. For the continuous form urban block 
PCM board have also been placed in the adjacent walls between buildings in both sides. Regarding 
the PCM thermophysical properties, a smart board with a phase change temperature of 25 °C, a 
phase change enthalpy equal to 110 kJ / kg and a thermal conductivity λ = 0.23 W / m . K has been 
considered.

d. Passive solar and shading scenario

The fourth scenario concerns the installation of passive solar and shading systems. Sunspaces are 
proposed for balconies, and the buildings’ last floor recession and the design of shading as well. 

They are closed volumes, constituted by transparent surfaces, adjacent to the buildings which re-
duce heating load through solar gains. The glass material is assumed to be the same as the glass 
material of the transparent elements of the buildings in scenarios 1-4, with a U-value equal to 2.8 
W / m2 . K, as specified in Table 2, and a solar heat gain coefficient equal to 0.45. Furthermore, in 
order to avoid summer overheating, sunspaces are modelled to be opened between the middle 
of May and the end of September as well as to be equipped with shading devices. In detail, for an 
efficient use of solar heat gains, sunspaces transparent surfaces are provided with an external 
movable shading device. From October to the middle of May, these devices are pulled back in 
order to maximize solar gains. On the contrary, from the middle of May to October, the shading 
devices are lowered with slats set to 90 degrees to minimize solar heat gains.

Design of the Interventions
For the improvement of building aesthetics four main criteria were applied: 

First, the arrangement of mechanical installations on building facades and the design of vertical 
cladding elements behind which all installations (air conditioning units / natural gas units etc.). 
The appropriate ventilation is provided by using perforated cladding or horizontal blinds on steel 
structure.

Second, passive solar systems in the form of sun spaces are used in order not only to improve 
energy performance, but also in order to provide a common structure for shading elements which 
are intended to replace the existing awnings. Shadings systems in balconies are also used often 
not only for shading needs, but also in order to protect from the wind, rain, dust or even for provid-
ing a more private space protected from the sight of neighbors. 

Third, solar collectors for hot water and photovoltaics are also considered in terms of a pre-in-
stallation design in roof tops. This strategy intends to prevent future random positioning of such 
installations and to create a ready to use substructure which will be integrated in the urban block 
form.

Fourth, green roofs have also been designed on rooftops in order to take into account the previ-
ously mentioned installation of solar systems on the rooftops and to produce a unified aesthetic 
quality on the urban blocks skyline.
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All the above-mentioned aesthetic interventions were adjusted in the form and geometry of each 
of the two examined urban blocks and are presented in detail in the following sections.

a. Urban block 1

The discontinuous typology examined is characterized by the fact that the front and rear façade 
have openings and balconies while the side facades have a larger opaque surface as they have 
very few small openings or no openings at all, depending on the position of the staircase. This is 
the reason why these side walls have been chosen as more appropriate for placing all the nec-
essary mechanical equipment. A large surface of the façade remains opaque and is considered 
suitable for placing a second skin, which is designed in an appropriate distance from the existing 
wall, in order to have enough space for the mechanical equipment that is intended to cover.

For the sunspaces positioning, a sun study has been performed in order to define the most ef-
fective way to design these spaces. As sun spaces are supposed to be deactivated during the 
summer months, by opening all their façade transparent leaves, the sun study was performed 
for the heating period. The direct solar availability for the 21st of December has been considered 
(Fig. 4) and as it is obvious, only the south oriented last floor balconies of the buildings have direct 
sunlight during December. Therefore, the sunspaces have been designed only in these balconies 
(Fig. 5). However, in the corners of the urban blocks, due to the geometry of the crossing streets 
sunspaces have been proposed for the south-east and south-west balconies in all floors. These 
sunspaces might not be as effective in terms of solar gains, but they can still contribute, and they 
can also function as a restraint zone for heat loss. 

Fig. 4
Sun study showing the 
sun position the 21st of 
December at noon

achieve maximum efficiency) and they are installed in random positions resulting not only on the bad 
aesthetics of the fifth façade of the building (e.g. the flat roof), but also on the inefficient utilization of 
the surface of the roof. The situation is similar with the residential photovoltaics which cover the 
rooftops of buildings altering the aesthetic of the city to the worse.  
Solar collectors or photovoltaic panels pre-installation surfaces have been designed on the rooftops of 
the buildings. The surfaces are inclined according to the need for maximum direct solar radiation (30o) 
and they are positioned in the perimeter of the rooftops to leave the space unified for other uses 
(including green roof installation). 
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Fig. 5. Perspective view showing interventions in the urban block typology 1 for corner and middle 

positioned buildings 

b. Urban block 2  
In the continuous typology of urban block 2 which is examined, in contrast to the discontinuous form 
(urban block 1), the buildings are attached to each other forming a unified façade which has openings 
and balconies both towards the street and towards the uncovered space at the center of the urban block 
(inner court). However, the façade elements are interrupted by a regulatory limitation which imposes 
the distance of balconies from the plots side boundary. According to this restriction the urban block 
façade has vertical opaque surfaces between the buildings extended in all floors and having a 
2 m width. This space could be appropriate for installing all mechanical equipment which can be 
hidden behind the construction of a second skin extending in all floors between the buildings’ 
balconies.  
For the sunspaces positioning, a sun study has been performed for this typology as well in order to 
define the most effective way to design these spaces. The direct solar availability for the 21st of 
December has been calculated as presented in Fig. 6 and, as it is obvious, only the last two floors of the 
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Green roofs are designed on the rooftop surface of each building and some pergolas for climbing 
plants are also added in order to provide shading.

Solar collectors and photovoltaic panels, as already mentioned before, are not included in this 
study in terms of energy efficiency as they are not a part of the building shell, however they are 
considered as a possible future installation on the rooftops which might influence the aesthetic 
appearance of the city. In most cases there are no rules for their installation (except from the need 
to be inclined in order to achieve maximum efficiency) and they are installed in random positions 
resulting not only on the bad aesthetics of the fifth façade of the building (e.g. the flat roof), but also 
on the inefficient utilization of the surface of the roof. The situation is similar with the residential 
photovoltaics which cover the rooftops of buildings altering the aesthetic of the city to the worse. 

Solar collectors or photovoltaic panels pre-installation surfaces have been designed on the roof-
tops of the buildings. The surfaces are inclined according to the need for maximum direct solar 
radiation (30o) and they are positioned in the perimeter of the rooftops to leave the space unified 
for other uses (including green roof installation).

b. Urban block 2 

In the continuous typology of urban block 2 which is examined, in contrast to the discontinuous 
form (urban block 1), the buildings are attached to each other forming a unified façade which has 
openings and balconies both towards the street and towards the uncovered space at the center 
of the urban block (inner court). However, the façade elements are interrupted by a regulatory 
limitation which imposes the distance of balconies from the plots side boundary. According to this 
restriction the urban block façade has vertical opaque surfaces between the buildings extended 
in all floors and having a 2 m width. This space could be appropriate for installing all mechanical 
equipment which can be hidden behind the construction of a second skin extending in all floors 
between the buildings’ balconies. 

For the sunspaces positioning, a sun study has been performed for this typology as well in order 
to define the most effective way to design these spaces. The direct solar availability for the 21st of 
December has been calculated as presented in Fig. 6 and, as it is obvious, only the last two floors 
of the buildings have direct sunlight during December. Therefore, the sunspaces for the reduction 
of heating loads have been designed only in these floors. 
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buildings have direct sunlight during December. Therefore, the sunspaces for the reduction of heating 
loads have been designed only in these floors.  
It should be noted that in this typology the last floor is recessed from the subjective floor and the 
geometry of the sunspace follows the geometry of the recession in order to comply with the regulatory 
restriction which imposed the recession of the last floor in the first place. For this reason, the sunspace 
is designed with inclined roof surfaces which besides the morphological reasons should also contribute 
on the efficiency of the sunspaces, as the sun rays hit the inclined glass more vertically (Fig. 7). 
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The design of the sunspaces in the last floor of this typology includes sunspaces in all orientations as 
these floors have increased heat losses. The last floor has always larger heat losses from the building 
shell compared to inferior floors due to the upper slab facing the interior. In this case the last floor has a 
recession which increases the surface of the exposed shell even more due to the geometry of the 
recession. The north facing buildings of the urban block are in an even more disadvantaged situation as 
solar availability is low due to orientation. Therefore, the sunspaces are designed mainly as heat 
restraint zones as in the case the orientation (north oriented facades) of the building does not favor 
passive solar gains. This choice has also architectural advantages as owners of these last recessed floors 
often construct illegal shading overhangs, awnings or even pergolas as these verandas suffer from the 
exterior climatic conditions (wind, rain, sun) in which they are exposed due to the fact that they are in a 
height where normally wind speed and sun radiation is higher and rainfall is harder as there are no 
obstructions from the neighboring buildings at this level. In the subjective floor the sunspaces’ design 
follows the same geometry as in typology 1 including sunspaces in all balconies for the fifth floor and 
in the corners of the urban block as well. 
Solar collectors or photovoltaic panels’ pre-installation surfaces have been designed inclined according 
to the need for maximum direct solar radiation on the rooftop’s south perimeter in an analogous way as 
in urban block typology 1. These surfaces are also a safety boundary towards the rooftops edge 
(replacing existing railings). Green roofs are designed, on the rooftops surface of each building in the 
remaining free space. 

 
Fig. 7. Perspective view showing interventions in the urban block typology 2 

It should be noted that in this typology the last floor is recessed from the subjective floor and the 
geometry of the sunspace follows the geometry of the recession in order to comply with the reg-
ulatory restriction which imposed the recession of the last floor in the first place. For this reason, 
the sunspace is designed with inclined roof surfaces which besides the morphological reasons 
should also contribute on the efficiency of the sunspaces, as the sun rays hit the inclined glass 
more vertically (Fig. 7).
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MethodsEnergy Efficiency Assessment of the 
Interventions
First the heating and cooling load demand has 
been calculated for the base case scenario of 
each one of the two urban block typologies. 
Then, the heating and cooling load demand has 
been calculated for each one of the four scenar-
ios of the two examined typologies. 

The results of the heating and of the cooling 
demand of the base case, compared to the four 
scenarios for the two urban blocks, are present-
ed in Fig. 8 and Fig. 9. 

Fig. 8
Comparison of the 
heating demand between 
the continuous and the 
discontinuous urban 
block form for all the 
examined scenarios

Results 
3.1. Energy efficiency assessment of the interventions 
First the heating and cooling load demand has been calculated for the base case scenario of each one of 
the two urban block typologies. Then, the heating and cooling load demand has been calculated for 
each one of the four scenarios of the two examined typologies.  
The results of the heating and of the cooling demand of the base case, compared to the four scenarios 
for the two urban blocks, are presented in Fig. 8 and Fig. 9.  
For UB1 heating demand is calculated to be 187.4 KWh/m2 for the base case scenario and it is reduced 
to 81 KWh/m2, 79.0 KWh/m2 80.2 KWh/m2and 79.3 KWh/m2 for scenario 1, 2, 3, and 4 respectively. 
Cooling demand is calculated to be 27.1 KWh/m2 for the base case scenario and it is reduced to 
14.0 KWh/m2, 12.2 KWh/m2, 13.2 KWh/m2 and 13.3 KWh/m2 for scenario 1, 2, 3, and 4 respectively. 
For UB2 heating demand is calculated to be 164.0 KWh/m2 for the base case scenario and it is reduced 
to 68.5 KWh/m2, 67.2 KWh/m2 68.4 KWh/m2and 66.4 KWh/m2 for scenario 1, 2, 3, and 4 respectively. 
Cooling demand is calculated to be 21.4 KWh/m2 for the base case scenario and it is reduced to 
10.8 KWh/m2, 9.3 KWh/m2, 10.4 KWh/m2 and 10.1 KWh/m2 for scenario 1, 2, 3, and 4 respectively. 
As it can be remarked, both heating and cooling demand are significantly reduced in all scenarios when 
compared to the base case scenario. The energy demand for heating and cooling is more than halved. 
The effect of all interventions on the reduction of the heating demand is more intense than the 
reduction for the cooling demand. 
It is also important to note that for the base case and all interventions scenarios urban block 1 presents 
higher values for both heating and cooling load demand than urban block 2, which means that the more 
compact urban block form appears to have a better energy performance in all cases. 
However, it is important to examine the effect of each one of these interventions on the energy demand 
of each urban block to assess their efficiency and to compare the scenarios. 

 
Fig. 8. Comparison of the heating demand 

between the continuous and the discontinuous 

Fig. 9. Comparison of the cooling demand 

between the continuous and the discontinuous 
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For UB1 heating demand is calculated to be 
187.4 KWh/m2 for the base case scenario and 
it is reduced to 81 KWh/m2, 79.0 KWh/m2 80.2 
KWh/m2and 79.3 KWh/m2 for scenario 1, 2, 3, 
and 4 respectively. Cooling demand is calculated 
to be 27.1 KWh/m2 for the base case scenario 
and it is reduced to 14.0 KWh/m2, 12.2 KWh/m2, 
13.2 KWh/m2 and 13.3 KWh/m2 for scenario 1, 2, 
3, and 4 respectively.

For UB2 heating demand is calculated to be 
164.0 KWh/m2 for the base case scenario and it 
is reduced to 68.5 KWh/m2, 67.2 KWh/m2 68.4 
KWh/m2and 66.4 KWh/m2 for scenario 1, 2, 3, 
and 4 respectively. Cooling demand is calculated 
to be 21.4 KWh/m2 for the base case scenario 
and it is reduced to 10.8 KWh/m2, 9.3 KWh/m2, 
10.4 KWh/m2 and 10.1 KWh/m2 for scenario 1, 2, 
3, and 4 respectively.

As it can be remarked, both heating and cooling 
demand are significantly reduced in all scenarios 
when compared to the base case scenario. The 
energy demand for heating and cooling is more 
than halved. The effect of all interventions on the 
reduction of the heating demand is more intense 
than the reduction for the cooling demand.

It is also important to note that for the base case 
and all interventions scenarios urban block 1 
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Table 3 
Improvement for the 

heating and the cooling 
demand (percentage 
of reduction) for the 

discontinuous and the 
continuous urban block 

form through the Thermal 
insulation scenario (1).  

Comparison to the base 
case (all floors)

Urban block form Heating demand Cooling demand Total demand

Discontinuous 56.8 % 48.3 % 55.7 %

Continuous 58.2 % 49.5 % 57.2 %
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a. Thermal insulation scenario 
The comparison between the base case scenario and scenario 1 (thermal insulation scenario) is 
presented in table 3. As it is observed for the discontinuous urban block form, the total energy demand 
is reduced by 55.7 % while, for the continuous urban block form, it is reduced by 57.2 %. This means 
that the thermal insulation of the building shell can have a stronger effect on the energy efficiency of 
continuous urban forms. For urban block 2, both the heating and the cooling demand present a larger 
percentage of reduction in this upgrading intervention scenario. The difference in the percentage 
reduction of the total energy demand between the discontinuous and the continuous form indicates that 
the building shells’ thermal insulation renovation scenario can, by 1.5 %, be more efficient according to 
the urban blocks form and geometry.  
Table 3. Improvement for the heating and the cooling demand (percentage of reduction) for the 

discontinuous and the continuous urban block form through the Thermal insulation scenario (1).  

Comparison to the base case (all floors) 

Urban block form Heating demand Cooling demand Total demand 

Discontinuous 56.8 % 48.3 % 55.7 % 

Continuous 58.2 % 49.5 % 57.2 % 

b. PCM scenario 
The comparison between the base case scenario and scenario 2 (PCM scenario) is presented in table 4. 
As it is observed for the discontinuous urban block form, the total energy demand is reduced by 57.5 % 
while, for the continuous urban block form, it is reduced by 58.7 %. This means that the increase in the 
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means that the thermal insulation of the building shell can have a stronger effect on the energy 
efficiency of continuous urban forms. For urban block 2, both the heating and the cooling demand 
present a larger percentage of reduction in this upgrading intervention scenario. The difference in 
the percentage reduction of the total energy demand between the discontinuous and the continu-
ous form indicates that the building shells’ thermal insulation renovation scenario can, by 1.5 %, 
be more efficient according to the urban blocks form and geometry. 
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b. PCM scenario

The comparison between the base case scenario and scenario 2 (PCM scenario) is presented 
in Table 4. As it is observed for the discontinuous urban block form, the total energy demand 
is reduced by 57.5 % while, for the continuous urban block form, it is reduced by 58.7 %. This 
means that the increase in the effect of the thermal mass of the building does not alter the fact 
that the continuous form presents a higher percentage improvement in comparison to the base 
case. Both the heating and the cooling demand present a larger percentage of reduction for this 
upgrading intervention scenario. It is also interesting to note that the PCM can improve the energy 
performance of thermally insulated urban blocks of discontinuous form by 4.0 % and of contin-
uous urban blocks by 3.5 %. This means that increasing thermal mass could be a more effective 
intervention on insulated discontinuous buildings than on insulated continuous urban blocks.

Urban block form Heating demand Cooling demand Total demand

Discontinuous 57.8 % 55.1 % 57.5 %

Continuous 59.0 % 56.4 % 58.7 %

c. Green roof scenario

The third upgrading scenario consists of the construction of a green roof on the rooftop of all 
buildings of each examined urban block. As it has been mentioned the U-value of the roof is re-
duced by 0.1, but the green roof also contributes on the increase of thermal mass of the roof and 
of the reduction of incident solar radiation. This means that it is expected to reduce further the 
heating and cooling load demand of the urban block compared to scenario 1. It can be remarked 
by the percentages presented in Table 5 that the green roof can reduce the heating load demand 

Table 4
Improvement for the 
heating and the cooling 
demand (percentage 
of reduction) for the 
discontinuous and the 
continuous urban block 
form through the PCM 
scenario (2). Comparison 
to the base case (all floors)

Table 5 
Improvement for the 
heating and cooling 
demand (percentage 
of reduction) for the 
discontinuous and 
the continuous urban 
block form through the 
Green roof scenario (3).  
Comparison to the base 
case (all floors)

Urban block form Heating demand Cooling demand Total demand

Discontinuous 57.2 % 51.2 % 56.5 %

Continuous 58.3 % 51.5 % 57.5 %

of urban block (UB) 1 (discontinuous) by 57.2 % and of urban block 2 (continuous) by 58.3 % As far 
as it concerns cooling load demand it is remarked that it is reduced by 51.2 % for UB 1 and by 51.5 
% for UB 2.  Finally, the total energy demand is reduced by 56.5 % and by 57.5 % for urban block 
1 and 2 respectively.

The comparison of the intervention to the base case scenario shows that this intervention scenario 
(green roof) can be more effective in the continuous urban block form, but this conclusion is rather 
forced by the very high effect of the thermal insulation on the reduction of the total energy demand 
of the urban blocks. The comparison of scenario 1 (thermal insulation) and scenario 3 (green roof) 

Urban block form Heating demand Cooling demand Total demand

Discontinuous 1.0 % 5.6 % 1.7 %

Continuous 0.2 % 4.0 % 0.7 %

Table 6 
Improvement for the 
heating and cooling 
demand (percentage 
of reduction) for the 
discontinuous and 
the continuous urban 
block form through the 
Green roof scenario (3).  
Comparison to scenario 1 
(all floors)

shows that the energy saving effect of the green roof is 1.7 % for the discontinuous form and 
0.7 % for the continuous form, which means that the green roof is more effective on the insulated 
discontinuous form (Table 6). In fact, this intervention could be considered to have a significant 
contribution mainly in the cooling load demand as the heating load demand improvement is very 
small in both cases.
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Table 7 
Improvement for the 

heating and cooling 
demand (percentage 
of reduction) for the 

discontinuous and 
the continuous urban 

block form through the 
Green roof scenario (3). 

Comparison to scenario 1 
(last floor)

Urban block form Heating demand Cooling demand Total demand

Discontinuous 3.5 % 15.2 % 5.1 %

Continuous 3.5 % 15.5 % 5.0 %

Table 8
Improvement for the 

heating and the cooling 
demand (percentage 
of reduction) for the 

discontinuous and the 
continuous urban block, 

through the Passive solar 
and shading scenario (4). 

Comparison to the base 
case (all floors)

Urban block form Heating demand Cooling demand Total demand

Discontinuous 57.7 % 51.1 % 56.9 %

Continuous 59.5 % 53.1 % 58.8 %

As the effect of the green roof is mostly limited to the last floors’ energy demand, it is also in-
teresting to examine the change of the heating and the cooling load only in the last floor of each 
urban block. The comparison between the last floor of scenario 1 and scenario 3 is presented in 
Table 7. The improvement in the heating energy demand is 3.5% for both urban blocks, while the 
cooling load demand is slightly higher in urban block 2 (15.5 % in contrast to 15.2 % of urban block 
1). However, when the total energy demand is considered the green roof can provide almost equal 
improvement for both urban blocks as the difference is less than 0.1 %.

Table 9 
Improvement for the 

heating and the cooling 
demand (percentage 
of reduction) for the 

discontinuous and the 
continuous urban block, 

through the Passive solar 
and shading scenario (4). 

Comparison to scenario 1 
(last floor)

Urban block form Heating demand Cooling demand Total demand

Discontinuous 7.95 % 17.58 % 9.22 %

Continuous 10.14 % 32.24 % 13.03 %

d. Passive solar and shading scenario

The effect of sunspaces and shading on the overall energy demand of the urban block is examined. 
As it is observed by the percentages of improvement of the heating and cooling load demand pre-
sented in Table 8 the total load demand improvement of this intervention, compared to the base case 
scenario, is 56.9 % for the discontinuous urban block and 58.8 % for the continuous urban block. 

The contribution of the sunspaces on the last floor is obviously more important as in this floor, 
for both examined urban blocks, passive solar gains are significantly increased. The comparison 
of the last floor’s energy demand in the case of scenario 1 (thermal insulation) and scenario 4 
(sunspaces) proves that the sunspaces’ intervention is far more effective in the continuous urban 
block form as the reduction of the total energy demand is 13.03% in comparison to 9.22% for the 
discontinuous form  (Table 9). It is also important to note that the effect of this intervention scenar-
io in cooling load demand is very important, as it can contribute on the reduction of cooling load 

demand between 17.58 % and 32.24% for the discontinuous and the continuous form respectively. 
This reduction is due to shading design which obviously reduces significantly the direct solar ra-
diation, especially in the continuous form (urban block 2) which due to the last floor’s recession is 
far more exposed to direct solar radiation than urban block 1.

Comparative Assessment of the Energy Efficiency of the Interventions
In this section a comparative analysis of the above-mentioned interventions is described. First, the 
comparison among the three interventions to scenario 1 (thermal insulation) is presented in order 
to draw conclusions on the most energy efficient intervention for each period (heating and cooling) 
and for the whole year period as well. Second, the comparison of the three interventions to sce-
nario 1 is presented according to the urban block form to draw conclusions on the significance of 
form for the choice of the most efficient intervention.
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The comparison of scenarios 2 (PCM), 3 (Green roof) and 4 (Passive solar) to scenario 1 (Thermal 
insulation) (Fig. 11) shows that for the heating load demand for UB1 the PCM intervention can 
provide the higher percentage of reduction. In this case, it is evident that the fact that the other two 
interventions cannot be installed in all floors is rather decisive. However, for UB2 the most efficient 

Fig.11 
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Fig. 12
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intervention is the construction of sunspac-
es and shading devices (scenario 4). 

For the cooling load demand, it is concluded 
that for both urban blocks the contribution 
of PCM is more significant than green roofs 
and passive solar and shading scenario (Fig. 
12), as it can provide a decrease between 
13.3 % and 13.7 % depending on the form of 
the urban block. This however might have to 
do more with the fact that the melting point 
temperature chosen for the simulation of 
the PCM (25 oC) favors the phase change of 
the PCM during the cooling period. 

For the whole year period, it is conclud-
ed that the results are similar to those for 
the heating period (Fig. 13), as in the Greek 
climate heating degree days significantly 
exceed cooling degree days (Tsikaloudaki, 
Laskos, and Bikas 2012). Especially in the 
continuous urban block form, the sunspa-
ces and shading are the most efficient sce-
nario and considering that this intervention 
can only be installed in the last floor of ur-
ban block 1 it can also be considered as a 
very efficient one in terms of the energy im-
provement it can provide.

The green roof scenario appears to be more 
efficient in the case of the discontinuous 
urban block and this intervention is mostly 
efficient during the cooling period as it has 
a very small contribution on the percentage 
of improvement during the heating period 
and especially for the continuous form (ur-
ban block 1) where the improvement is very 
small.

It is also remarkable that all three interven-
tions contribute more in the percentage re-
duction of the cooling load demand, which 
means that they are expected to be even 
more efficient in warmer climatic zones of 
Greece (Zone A and Zone B).

According to the above-mentioned com-
ments, a renovation priority strategy should 
first target on discontinuous forms of urban 
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blocks which demand more energy for heating and cooling. However, for already thermally insu-
lated urban blocks, renovation including PCM, green roofs or sunspaces could improve more the 
efficiency of continuous forms and, among the examined scenarios, the renovation strategy which 
is more efficient in this case is the passive solar and shading scenario.

In this research four intervention scenarios in two typical urban blocks have been examined, in 
order to compare renovation strategies in terms of the energy efficiency of the urban blocks and 
to propose a way to improve city aesthetics at the same time. The results of the research showed 
that among all the interventions, the most efficient one is the conventional thermal insulation of 
the building shell. Urban block form and geometry can affect the energy efficiency of the thermal 
insulation renovation scenario by 1.5%, with the continuous form presenting higher efficiency. This 
percentage could be translated into thousands of KW/h saved, by considering only the difference 
in urban form. Prioritization of renovation in areas with discontinuous urban block forms could be 
an effective strategy for the renovation of the existing building stock.

However, it has already been proved by the current energy performance renovation practices that 
this intervention (e.g. thermal insulation) cannot significantly promote the aesthetic improvement 
of the Greek city, except if additional measures are also considered for arranging mechanical in-
stallations and shading devices in an uniform way.

On the other hand, in most existing buildings increasing the thickness of thermal insulation layer, 
beyond a certain point, is not feasible considering that there are several limitations of construc-
tional, architectural, or functional nature. For example, increasing wall thickness beyond a certain 
point is not possible due to the building’s position near the plot boundaries. Moreover, it can reduce 
daylighting access in the interior space or significantly reduce the width of balconies which can 
in some cases become too narrow to be functional. Therefore, beyond the conventional scenario 
of thermal insulation, other strategies for improving further the energy performance of buildings 
should be considered.

Among the other three interventions examined, it is has been proved that the PCM intervention 
scenario and the passive solar and shading scenario  could be the most efficient ones in terms of 
energy load demand reduction -depending on the form of the urban block- especially for the cool-
ing period where the load demand has been calculated to be significantly improved. 

The result of the research cannot be easily compared to existing research on renovation strate-
gies, as in most cases the examination scale of the researches refers at the building scale. This 
research examined the results in a cumulative perspective assessing the whole energy demand 
at the urban block scale. The improvement of the passive solar intervention scenario resulted in 
a reduction of the heating load between 57.7 % and 59.5 %. Similar research (Assimakopoulos et 
al. 2020) for the city of Athens resulted in a range of heating load demand reduction between 35 
% and 60 % according to the examined floor.  For the cooling load demand the current research 
resuted in a reduction between 51.1 % and 53.1 %.  The research of Asimakopoulos et al. conclud-
ed in a range of 32 % to 51 % according to the floor examined. Considering the difference in scale 
and the difference in climate (Athens belongs to climatic zone B), the results could be considered 
to be in accordance. 

It should be noted that the PCM scenario is, besides the thermal insulation scenario, the only one 
which can be implemented in all floors, as the passive solar and shading scenario can be imple-
mented only in floors with unobstructed solar radiation while, the green roof can obviously be 
constructed on the roof of the last floor. PCM research on cooling energy saving is not easy to be 
compared to the current research results for several reasons. The main reasons are, the scale of 
the intervention, the building typology used for the simulations and the different melting point and 
thickness of the examined PCM material. A similar research at the building scale (two storey de-

Discussion
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tached building) for Athens concluded that the PCM can provide a cooling demand saving between 
2.3 % and 3.5 % depending on the PCM melting point temperature (Ascione et al. 2014). The cur-
rent research concludes in a 13.3 % –   13.7 % improvement which is much higher improvement. 
This difference can be interpreted by the larger scale of the intervention which seems to optimize 
the use of PCM and the difference in climate between Athens and Thessaloniki. 

Of course, further research is needed in order to define the most efficient strategy for the energy 
and aesthetic regeneration of the city. It is evident that the efficiency of each renovation strategy 
depends on several crucial factors which should be taken into account. The efficiency of each inter-
vention scenario should be further examined according to the following factors which might differ 
significantly in the urban tissue or among different cities.

First, the examination of different road width is essential in a further research as solar gains 
may vary significantly in case of wider streets. Especially the passive solar and shading scenario 
which is largely affected by the solar access should be analysed in the case of different width of 
the streets.

Second, as the climatic conditions are a decisive factor when examining energy efficiency strate-
gies, it is necessary to analyse the examined scenarios for all four climatic zones of Greece.

Third, it should also be mentioned that this study is limited to the examination of one basic orienta-
tion for both urban blocks. Results may vary in different orientations as solar access may change 
according to the street network and the geometry of the urban tissue.  Especially, the interventions 
of scenario 3 could have a significantly different contribution on the energy demand for heating 
and cooling.  An overall strategy for the city regeneration should also take into account all possible 
orientations at the urban scale.

Fourth, this research examined two typologies of different form. More generalized results demand 
the further examination of urban typologies at the city scale.

Finally, as all interventions are dependent to the economic cost and the payback period of the 
initial investment it is also important to examine how these interventions are related to a cost 
benefit analysis.

Conclusion
The way towards climate neutral cities and the target for nearly zero energy buildings, demand 
the improvement of the building stock in terms of energy efficiency. The conventional thermal 
insulation strategies that are mostly applied, despite the important contribution on decreasing 
heating and cooling energy load demand, should also be combined with other passive energy im-
provement strategies. These strategies can be a starting point for improving the aesthetic quality 
of the city. This research proposed an intervention strategy at the urban block scale in order to 
achieve both energy efficiency and improvement of the aesthetic quality of the city. Total (heating 
and cooling) demand reduction has been proved that might be reduced between 55.7 % and 58.5 
% according to the intervention scenario chosen. The maximum value corresponds to the passive 
solar and shading scenario.

Obviously, at the urban block scale it is necessary to consider urban form and urban geometry pa-
rameters in order to define the efficiency of the interventions. On the one hand, it has been proved 
that all interventions cannot be implemented at the same extend, as for example passive solar 
interventions depend on the solar access and green roofs depend on the available surface which 
relates to the urban block’s geometry. On the other hand, the extent to which each intervention can 
be implemented could be decisive for the energy performance improvement of the urban block, 
but in this case other parameters could also be important, as more extensive interventions imply 
higher investment cost. 

This research proved the importance of passive solar and shading strategies on both the improve-
ment of energy efficiency and the city aesthetics.
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The PCM could provide a significant improvement in the energy efficiency ranging from 57.5 % to 58.7 
% according to the urban block form, but as extensive construction works in the interior of buildings 
should be performed, their application should be carefully considered on a cost benefit analysis.

Green roofs can provide better results in cases where the decrease of cooling demand is a priority 
as it has been calculated that they can provide a reduction in cooling load demand ranging from 4 
to 5.5 % compared to the thermal insulation scenario. However, green roofs can as well promote 
aesthetics, improve microclimate and citizen’s wellbeing, they are considered an important strat-
egy for the quality of life in contemporary cities.

Finally, it has been proved that energy renovation strategies when implemented at the urban block 
scale (instead of fragmented individual buildings interventions) can contribute not only at the en-
vironmental improvement but also at the aesthetic regeneration of the city.
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