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Highlights
« Proposed optimized alternative achieves up to 69.1% of zero energy target.
* Urban texture has an effect up to 33.49% on building energy production performance.
» Urban texture has an effect up to 5.65% on building energy consumption performance.
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Turkey is experiencing a massive urban renewal process to increase earthquake resistance of
Received: 10/12/2019 building mass. As a participant of Paris Agreement, Turkey also uses this process as a tool to
Accepted: 26/03/2020 improve energy saving performance of building mass with mandatory insulation requirements.

Envelope retrofits achieves energy savings; however, this massive urban renewal process offers
a greater potential since it allows a chance to optimize urban scale variables such as urban texture

Keywords and building type, as well. This paper focuses on investigating the influence of building typology
Urban texture and urban texture on building energy performance. For this purpose, four different texture and
Building typology six different building type alternatives are defined in Istanbul. Energy performance simulation
Near-Zero energy analysis of 24 total alternatives are done with Existing envelope, TS-825 envelope, and proposed
Building energy Near-Zero envelopes. Results of 72 simulations show that both building type and urban texture
simulation have important influence on building energy consumption and production performances for three

envelope alternatives. Selection of optimized building type and urban texture alternatives with
N-zero envelope maximizes building energy performance and achieve near-zero building
requirements. Another important result of the study was urban scale decisions reduces energy
consumption very significantly even before applying building design strategies. This is a very
important input for decision-makers because energy performance of a regular building can be
improved with retrofits in any time during lifetime. However, these retrofits may not be enough
to achieve full potential (net-zero in future time) of the building when urban texture and building
type is not optimized accurately.

1. INTRODUCTION

Built environment in the world is changing slowly and securely toward sustainable form [1-3]. The speed
of change is very high in Turkey with a different motivation. Over 66% of Turkey’s population lives in
first and second-degree earthquake zones and the population increases every year [4]. Unfortunately,
existing building stock is very vulnerable to earthquake forces, which caused 597.865 heavy housing
damage and 86.802 death in Turkey since 1900 [5]. Estimations of three different institution shows that
economic cost of 1999 earthquake alone is between 12-19 billion dollars [6]. Earthquake simulation models
show that about 7.1%-8.2% of buildings would be damaged heavily in Istanbul [7]. These facts forced a
major urban renewal process and 480.000 residential unit is already renewed between 2012-2017. It is
targeted to renew total of 7.5 million residential unit in 15 years and 4 million of them is considered to be
renewed by 2023 due to risk factor [8]. In other words, this renewal process transformed and will be
transforming Turkish cities for a few decades.
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This costly but mandatory change offers Turkey great opportunities to convert its built environments and
cities to sustainable ones. There is a need for strong political will to change toward sustainable future. In
fact, Turkey is a net energy importer country and it imports over 75% of its energy [9]. Energy balance
shows that buildings consume 34.55 percent of energy in Turkey [10]. Therefore, every step toward
sustainability is very welcome by the government since it reduces energy cost. Besides, signing Paris
Climate Agreement indicates that there is also a political will to support this transformation. In fact, one
of the promises that Turkey made in the Paris Conference was to disseminate the idea of Zero-energy house
[11]. Necessary steps toward sustainability, including energy efficiency, renewable energy infrastructure,
and low carbon emission, take place in national development plans [12,13]. Simultaneously, required law
amendments is completed [14-16]. Literature evaluates the process and confirms existence of evidence
toward sustainable transformation of built environment in Turkey. In 2005, Kocabas describes this urban
renewal process as 5.period of urban regeneration in Istanbul and this period is expected to be a transient
period to sustainable urban regeneration along with disaster prevention aim [17]. By 2011, evaluation of
transition performance of Turkey to low carbon urbanization concludes that there is a positive initial steps
with supporting policies toward this goal, but it requires continues action [18]. Following up the process
to 2019, development plan of Turkey and fiscal report indicates that tax regulations on energy saving and
climate change will continue [19]. State development plan for 2019-23 highlights the importance of
sustainable urban development and lists the steps toward this goal including energy efficiency, renewable
energy production, and green building concepts [20].

Renewal process in Turkey takes place both on neighborhood and parcel scales. Literature mainly focuses
on neighborhood scale renewal, which is mainly done by TOKI (Housing Development Administration of
Turkey). Improved living conditions of residents are considered positive outcome of the process [21,22].
Despite the disaster resistant new buildings, gentrification concerns and change of social life conditions are
considered negative consequences [23-25]. From energy standpoint, new buildings have to comply new
Turkish building insulation standard (TS-825), which is a mandatory regulation since 2008 [26]. As of
2017, 677.000 buildings complies with the energy performance requirements and 2.97% of this buildings
uses renewable energy resources [27]. In other words, reconstructed buildings are energy efficient
comparing to deconstructed ones. Besides, they generate their energy up to certain percent. Mangan and
Oral investigates energy performance of a new low income public mass housing neighborhood developed
by TOKI as a case study for different climates of Turkey. Comparing to reference building, their study of
life cycle assessment, life cycle cost, and life cycle CO2 assessment show that there are more space for cost
optimized improvements to make buildings more energy efficient [28]. A step further, Kalaycioglu and
Yilmaz test energy performance potential of a virtual neighborhood district for nearly zero definition
against EPBD recast requirements. Simulation result of different design packages shows that almost 70%
of energy saving is possible in Eskisehir, Turkey [29]. So far, these are focused on neighborhood scale
energy performance analysis.

Second type renewal takes place on parcel scale, called on-site renewal (Figure 1). Local municipals are
given power to propose renewal areas to the ministry of Environment, in order to fasten renewal process.
Residents of a building in renewal areas can apply renewal process. In order to encourage urban renewal,
municipalities increase building height limits in renewal areas. As a result, old buildings are reconstructed
with add-on floors, mostly these floors finance reconstruction costs and profit of the builder. System is
economically sustain itself. However, this changes the urban texture and identity of the area (Figure 2).

Existing apartment texture evolves to midrise buildings that forms urban canyons (Figure 2). Urban
canyons affect energy behavior of buildings. In high dense settlements, buildings may serve as obstacles
to solar radiation and daylight availability depending on the distances between them, their height and their
arrangement with respect to one another. In other words, density causes climate change in micro scale [30].
Such settlements lead to more energy consumption [31,32]. Additionally, urban density will reduce wind
circulation in the city, so buildings will be more dependent on artificial systems for air circulation and
cooling, especially the lower floors [33]. A study on 10 different canyons of Athen shows that air flow
rates may be reduced 10 times inside of an urban canyon [34]. Moreover, urban density will closely affect
renewable energy potentials of urban units [35]. Besides, it is closely related to outdoor thermal comfort
[36-38].
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Figure 1. exturechange of Suadzyenezghborhood Kadlkoy |n 2006 (Ieft) and 2017(r|ght) Hamiyet
Yiiceses Street is marked on the figure

20)74:08:03
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Figure 2. Street view of Hamiyet Yiiseces Street, Kadikoy in 2014(on the left) and 201'§(on the right)

Another factor that this urban renewal process needs to address is urban heat island effect. Half of the
world population lives in urban area since 2008 [39], and it is projected to reach 67% by 2050 [40].
Microclimatic conditions of urbanized area changes comparing to surrounding area due to urban heat island
effect [41]. Urban heat island effect increases building energy consumption [34, 42-44]. Urban texture is
an effective tool to mitigate urban heat island effect. Building types forms urban textures and urban textures
generates urban characteristics. Urban renewal process provides an opportunity to retrofit both a single
building and urban texture simultaneously.  The important question, in terms of Turkey which is under
intense process of urban renewal, is that ‘how parcel based renewal will influence the overall goal of
achieving zero energy building of Turkey?’ What is the most energy efficient urban texture? What kind of
residential building type improves building energy performance? This study focuses on finding most
energy efficient urban texture.

1.1. Urban characteristic and Energy performance

Achieving environmentally sustainable urban renewable process requires the transformation of each and
every existing building types to a zero energy or near zero energy building. It is a significantly new
approach to consider building typology as a tool for assessing building energy performance. Despite the
fact that buildings have many different attributes, they can be categorized under a number of groups that
performs similarly in terms of energy consumption behavior. This is more applicable for residential
buildings. The time of construction, available material on the market during the construction period,
available technique and technology of the time, socio-economic standard of the society, social expectations
and aesthetics codes of that specific time period shapes characteristics of the building masses. These factors
make distinct differences on built environment which leads to different residential types. European Union
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residential building typology project TABULA classifies building typologies of countries across the Europe
[45]. It is also be considered as a platform that many studies built up on it.

Dascalaki and his team used 24 building types that has three different construction time period, two different
sizes as single family and multi-family, and four different climates zones [46]. Standard case simulation
results showed that of applying current national requirements of thermal insulation and solar collector for
domestic hot water, utilizing energy efficient heat production unit and reducing heat distribution loses helps
15% of pre-1980 building stock and 30% of 1980-2000 building stock to achieve 9% of reduction by 2016
(date of the study 2011). This is one of the early studies that investigates the relationship between building
type and energy performance. It concludes that building type is an effective tool for evaluating energy
performance of large scale of building stock. Kragh and Wittchen developed two typology models for
Danish building stock: real building and average design building models [47]. Total of three main building
types (single-family houses, terraced houses, and blocks of flats) grouped under nine construction age
periods. Based on average design building models, space heating balance model was developed. The energy
calculation of space heating balance model has less than 4% difference comparing to statistical data. It is
concluded that the tool is useful for scenario analysis. Ballarini and his team works on a project that
quantifies energy saving potential of existing building stock by using reference building and synthetic
average models [48]. For this purpose, 18 residential building types that represents residential building
types of Piedmont region, are selected among TABULA residential building types of Italy. Selected types
include six building age classes and three buildings sizes. Italian residential building typology defined as
three climatic zones, eight building age classes and four building size types which are single family house,
terrace house, multifamily house, and apartment blocks. The results show that the standard refurbishment
package save 77% energy compare to the existing case in Piedmont region while the advance refurbishment
package saves up to 85% energy. Additional studies show that building typology can be used as a tool for
estimating energy behavior of large building stocks [49,50]. Along with energy consumption performance,
there would be a relationship between building type and building energy production potential. Building
type influences roof formation and geometry. Roof geometry dictates the area for solar panel placement.
In other words, it influences building energy production performance [51]. Similarly, building type forms
facade geometry, which limits potential facade area for energy production. This results the fact that
building type also influences building energy production potential [52,53].

1.2. Zero Energy Concept

Zero energy building concept is now becoming new normal for building codes of the time. Considering the
fact that official definition of sustainability is accepted in 1987, a big and fundamental transformation is
being achieved, so far. Combining environmental concerns with oil crisis led a search for new clean energy
alternatives [54]. Now, zero energy buildings are operable in many part of the world. A step further is that
existing building energy policies are evolving to zero or near-zero energy building policies in some part of
the world [55,56]. California integrated energy policy report recommends achievement of net zero energy
by 2020 for new constructed residential building and by 2030 for commercial buildings [57]. All new
buildings in European Union zone are required to be nearly zero energy building by 2020 [58]. In the
planning phase of new US federal buildings in 2020 will designed to be net zero energy buildings by 2030
[59]. Zero energy concept takes place in two main different forms: nearly zero energy and zero energy. In
US regulations, zero energy concept takes place in net-zero energy building form and it is defined as annual
source energy consumption of a building must be equal or less than generated on-site renewable energy
amount [60]. On the other hand, EU directives addresses nearly-zero energy building. It is defined as
meeting significant amount of energy need of a high performance building from on-site or nearby renewable
resources [61].

1.3. The purpose of the Study

The purpose of this paper is to evaluate the potential of existing building mass for the goal of achieving
near zero energy residential building. Near zero energy residential buildings are expected to generate the
energy they need. Considering that Turkey has an important potential in terms of solar energy as a
renewable energy source, it is possible to provide the energy needed by the buildings from the sun. The
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achievement of this objective is seen as more accessible, especially in low-density rural areas and detached
houses. However, in big cities such as Istanbul in Turkey, urban textures generally consist of multi-storey
and high density structures. Considering the fact that solar panels in residential settlements are placed on
the roofs, solar energy per housing unit will decrease due to the increasing urban density, which will cause
a decrease in energy production per square meter. This increases the importance of facades for energy
production through solar panels. However, the increase in urban density and the shading of buildings will
affect building energy consumption. In addition to urban density, building typology can have an impact on
energy production and consumption potential. Therefore, an optimization study based on the energy
consumption and production performance of the existing building mass is an important need for energy
efficient and sustainable urban planning. Such studies become necessary for Turkey and especially in the
rapidly changing due to the large urban building stock renewal process that took place in Istanbul and
converted to a system of sustainable urban texture.

2. METHODOLOGY

This study aims to examine the relationship between urban texture and building energy
consumption/production performance in order to maximize near zero energy potential of buildings and
communities. Istanbul is selected as study area because of high number of building stock and rapid urban
transformation activities. Existing urban texture and existing residential multifamily building typologies
are investigated. Result of the investigation formed reference urban textures and reference residential
building types. Reference buildings and textures are modeled with Openstudio software and EnergyPlus
building energy simulation engine were used for energy calculations. Pilot studies showed that cost
optimized zero energy high-rise multifamily residential building target is not possible with current
technology; therefore, this study aims to focus on achievement target of cost optimized near zero
multifamily building by following Energy Performance of Building Directive (EPBD) protocol of European
Union [61]. Methodology section consists of four subsections: defining reference urban texture, defining
reference building, near zero energy envelope alternative, and energy production. The detailed steps of the
study are described below.

2.1. Defining Urban Texture

Defining current urban texture is one of the important parts of this study because there is not a detailed
study that identifies existing urban textures of Istanbul. Istanbul is a very historical, dense, and big city;
therefore, identifying existing urban textures of Istanbul is very difficult. Besides, the shanty settlement
problem as a result of inner migration formed an undefined texture throughout Istanbul. The planning
department of the city categories the existing urban texture under four main groups: historical texture,
planned/organized texture, unplanned/unorganized texture(shanty settlements), and mass housing [62]. In
this research, "planned/organized texture" is studied. The boundary of Kadikdy municipality includes good
examples of planned urban textures. Thirty different street samples were studied in order to identify
existing urban textures in Kadikdy. It is discovered that, depending on the building regulations of
construction time, there are differences in building heights and the distance between neighboring buildings.
However, a relationship is identified between the height and the distances to neighbor buildings. Despite
the fact that the number of floors are varying, there are a big number of high-rise buildings, most of them
are newer buildings with around 12-story building height. Therefore, 12-story (36.5 meters) was
determined as reference building height for simulation model. Distances are varying between neighbor
buildings, as well. The distance to neighbor building across the street (w1) is between 16m and 28.5 meters
while the distance to neighbor building across the back yard (w2) is between 16m and 55.5 meters. It is
identified that there are three kind of relationship between w1 and w2 values. The relationships are wl=w2
(which is named as small yard), 1.5wl=w2 (which is named as medium yard), and 2wl=w2 (which is
named as large yard). The small and large yards are presented in Table 1.

28.5m >= w; >=16m, Q)

55.5m >= w, >=16m, 2
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Ratio = {h/w;|28.5m >= w; >= 16m}, 3)
h/w; = {1.3,1.4,1.5,...,and 2.3}. (4)
In Equation (1), w1 stands for measured distance to neighbor building across the street. In Equation (2), w-
stands for measured distance to neighbor building across the backyard. The minimum and maximum
distance of wiand w: is defined based on street data. In Equation (3), h refers to the building height, which
is 36.5 meters. In Equation (4), possible h/w. ratios are defined.

Table 1. Identifying all possible w; and w- distances based on h/w; ratios

h/W1

; 14 15 16 1.7 1.8 1.9 2 21 2.2 2.3
Wi =W, Wi 28m 26 24 23 21 20 19 18 17 17 16m
(Small Yard) | w, 28m 26 24 23 21 20 19 18 17 17 16m
15w =w; Wi 28 26 24 23 21 20 19 18 17 17 16
(Mid. Yard) W» 42 39 37 34 32 30 29 27 26 25 24
2 W; =W, Wi 28m 26 24 23 21 20 19 18 17 17 16m
(Large Yard) | w, 56m 52 49 46 43 41 38 37 35 33 32m

All possible distances between buildings calculated and 30 different w; and w, combinations presented in
Table 1. In this study, minimum (1.3) and maximum (2.3) h/w; ratios for small and large yard alternatives
will be focused (marked on the table above). In order to simplify, each distance type named as A, B, C,
and D-distances and illustrated in Table 2.

Table 2. Texture Characteristics

Type h/w; Ratio w,/w; Ratio
A-distance 2.3 (minimum) 1 (Small Yard)
B-distance 1.3 (maximum) 1 (Small Yard)
C-distance 2.3 (minimum) 2 (Large Yard)
D-distance 1.3 (maximum) 2 (Large Yard)

2.2. Defining Residential Building Types

Evaluation of residential building types results that four common building types exist in Istanbul. Identified
main building types could be defined as single standing (Single S.) apartment building which has an
apartment on each floor, twin apartment(Twin) building which has two apartments on each floor, quadruple
(Quad.) apartment building has four apartments on each floor, and row apartment (Row) buildings which

has an apartment on each floor (Figure 3).

I"

Figure 3. lllustration of building types: Row apartment (A) Single Standing (B) Twm(C) and
Quadruple apartment buildings (D)

Buildings are oriented on cardinal directions; therefore, minimum a fagade directed to the South. Each
apartment has windows on two facades at least. For Twin apartment buildings, three different window
orientation alternatives was developed: Twin-1: South and North, Twin-2: South, East, and West, Twin-3:
South, North, and East or West. Only Twin-3 apartment units have windows on three facades (Table 3).
As a result, six different building types identified and there are four different distance combination
alternatives for each type. In total, 24 different urban textures identified. Each building type will be
simulated for four different distance combinations (Figure 4).
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Table 3. Defined building types, facade numbers with window, window placements, and abbreviations
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2.3. Defining Reference Building

Reference building is a sample building that represents a large number of buildings. Therefore, it is a very
useful tool to understand energy consumption behavior of large building stocks. Sufficiency of available
statistical data determines the type of reference building, which could be a virtual model or a sample
building. TABULA (Typology Approach for Building Stock Energy Assessment) project of European
Union generates building typologies for each EU country [63]. In other words, the system defines reference
buildings for each country. Unfortunately, Turkey is not a part of TABULA system but the existing
statistical data helps to build up a framework of a virtual reference building. Virtual models used in several
energy performance studies [29,64]. TABULA system and other studies in the literature mainly categorize
buildings as building age, construction type, heating system and building geometry (form, size, etc.) [65].
These four categories will be used to define a reference building in Istanbul. The order is building age,
construction type and material, building geometry definition, and HVAC system type definition.

Building age is the first parameter on defining reference building. Around 20% of Turkish residential units
are located in Istanbul. Construction age of building stock for Istanbul and Turkey is presented in Table 4.
Unknown category in the table would probably represent old village houses in rural areas, which is beyond
the scope of this study. However, according to statistical data, significant percent of buildings are
constructed since 1960s. Between 1961- 2011, 87.7% of building stock constructed in Istanbul and it is
84.6% for Turkey (Table 4). Moreover, important percent of this building stock is constructed after 1980s
In other words, Turkey has a significantly young building stock. Due to inner migration, majority of
building stock constructed lately in order to respond sheltering need quickly. Therefore, building age does
not reveal very significant difference since construction technique and building characteristics did not
changed very much in this period. However, it should be noted that building insulation regulation became
mandatory in 2008. The effect of this regulation is investigated below construction and material subsection.

Table 4. Construction age of building stock (%) [66]

Unknown  Before 1960 1961-70 1971-80 1981- 90 1991- 00 2001-11 1961- 2011
Turkey 11.3 4.2 5.9 13.4 18.9 24.6 21.8 84.6
Istanbul 10.2 2.1 51 14.5 21.1 29.1 17.9 87.7

Construction type and material is the second parameter on defining reference building. Construction type
of residential buildings in Istanbul and Turkey are presented below (Figure 5) [66]. Eight different types
are listed. Concrete frame structure with brick envelope is a very common construction type. 95.7% of
building stock of Istanbul and 79.4% of Turkish building stock have this type construction. Brick envelope
consists of brick exterior wall covered with interior and exterior cement plaster. Old windows used to be
wooden frame with single glass; however, these windows were replaced with PVC frame with double
glazed windows for energy efficiency since early 2000s.

Construction Material of Building Stock
M Istanbul Turkey

120,0
100,0
80,0
60,0
40,0
20,0
0,0

%

Steel sheet Reinforced Hollow Brick Wood Stone Sun dried Other Unknown
concrete... concrete... brick

Material Type
Figure 5. Construction material distribution of building stock of Istanbul (up to 2000) [66]

Prior to 2000s, many buildings did not have any insulation layer. New buildings have to meet TS-825
(Building Insulation Regulation) requirement. TS-825 defines the limits of U-values for five climate zones
of Turkey [26]. Istanbul is located in Zone-2. In Zone-2, required maximum U-value for envelope wall is
0.57 (W/m?K), foundation u-value is 0.38 (W/m?K), roof U-value is 0.57 (W/m2K), and window U-value
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is 1.8 (W/m?K). In other words, although construction type does not change significantly, there are two
different envelope characteristic in terms of energy performance: Existing envelope and TS-825 standard
compliance envelope. The only difference is that TS-825 envelope has additional envelope layer. To sum
up, current building stock has two different envelope types: a) Existing envelope which has no insulation
layer and b) TS-825 compliant envelope.

Building geometry is the third parameter on defining reference building. Building height and number of
apartments on a floor are two important parameters that defines building geometry in Istanbul and Turkey.
Building height differs very much in the country and within cities. Height change could also be observed
in smaller scales as local municipalities, neighborhoods and streets. Rural areas are characterized by single-
family housing; however, the dominant housing characteristic of urban area is multifamily residential
apartment buildings. Building permits data reflects that 10+ story buildings are the dominant character in
Kadikoy area (Figure 6). This is compatible with the site findings, which is 12-story building height. Same
statistics show that average building floor are for the same time period is 102 meter square.

Buildings Classification by Floor Number in Kadikdy (2008-2017)

2500

M Floor Number

N
o
o
o

1500

1000

500

1Story 2 Stories 3 Stories 4 Stories 5 Stories 6 Stories 7 Stories 8 Stories 9 Stories 10+ Stories

o

Number of Building

Number of floors

Figure 6. Building classification by floor number in Kadikéy —Istanbul [67]

HVAC system type is the fourth parameter on defining reference building. National statistics show that
three main heating system is used in Turkey [66]. They are categorized as a) stove, b) central heating for
one or more buildings and c) air conditioner, electric heater and other systems. 2011 dated statistics shows
that 38.4% of residential buildings constructed after 2001 uses stove, while central heating for one or more
buildings is 54.6% and the rest is 6.9% (Table 5). Central heating system with natural gas is the dominant
heating system. Old buildings are replacing stove heating system with central heating system as natural
gas infrastructure expands in Turkey. Besides, since 2010, it is mandatory to have central heating system
for buildings that have over 2000 m2 floor area. As of 2017, natural gas infrastructure covers around 75%
of population and 78.48 % of people who has access the infrastructure uses natural gas [68]. This ratio is
expected to be higher in metropolitan cities such as Istanbul; therefore, reference heating system is defined
as water based radiator heated by natural gas.

Table 5. Heating system type distribution by construction time period (%) in Turkey [66]

Stove (natural gas stove Central heating for one or Air conditioner, electric
included). more buildings. heater and other systems.
Between 1981-90 60.9 33.2 59
Between 1991-00 50.8 421 7
After 2001 384 54.6 6.9

2.4. Near-Zero Energy Envelope Alternative

Existing envelope is retrofitted to develop near zero energy envelope. This retrofitting procedure is done
with cost optimization by applying EPBD protocol [61]. Firstly, envelope insulation thickness is defined
according to cost optimization procedure. Energy savings of various XPS insulation layer products on the
market (up to 15 cm thickness) are calculated via energy simulations. Maximum of net present value of
the savings are calculated and compared. The optimum alternative is identified as near-zero insulation
thickness. This procedure is done for optimizing exterior wall, roof, and foundation insulation thicknesses.
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Secondly, same procedure used for defining optimum glazing alternative. Five different glazing
alternatives are used: double glazed with air, double glazed with argon, triple glazed with air, triple glazed
with argon (in single gap), and triple glazed with argon (in two gaps). The optimum alternative is defined
as triple glazed with argon (in two gaps). Lighting system is retrofitted with LED lighting system. Heating
system is not changed because existing heating system in the country significantly new and average system
on the market is used. Heating system is water-based radiator with natural gas heated. System performance
of defined HVAC system is retrofitted to 4.5 COP. Lastly, exterior venation window blind is includes in
south fagade of near-zero building alternative. All envelope characteristics, including near-zero one, are

documented in Table 6.

Table 6. Summary table of three different envelope characteristics and retrofits (Near-0 envelope is
developed according to EPBD protocol [61])

Existing Envelope

TS-825 Envelope

Near-0 Envelope

Envelope Insulation Thickness
and U-values

Glass Type
Lighting Level
Heating Type
Cooling Type
Orientation

Glazing Ratio

Uwall: 1.30; No Insulation
Uroof: 2.1; No Insulation

Usoundation: 1.70; No Insulation

U: 1.8 w/m2K; 0.598 SHGC,;

0.769 Tvis

Fluorescent: 10.76 w/m2

Gas Heated Water Based Rad.

HVAC Air Conditioner
South
30%

Uwall: 0.57; 3 cm XPS (0.03 w/m-

K)

Uroof: 0.38; 10 cm Rockwool
(0.04 w/m-K)

Ufound.: 0.57; 4cm XPS (0.04
w/m-K)

U: 1.8 w/m2K; 0.598 SHGC;
0.769 Tvis

Fluorescent. 10.76 w/m2

Gas Heated Water Based Radiator
HVAC Air Conditioner

South

30%

Uwall: 0.244; 10 cm XPS (0.03
w/m-K)

Uroof: 0.277; 14 cm Rockwool

(0.04 w/m-K)

Ufoundation: 0.57; 4 cm XPS

(0.04 w/m-K)

U: 0.799 w/m2K; 0.474 SHGC;
0.661 Tvis

LED: 4.39 w/m2

Gas Heated Water Based Radiator
HVAC Air Conditioner (4.5 COP)
South

30%

Exterior Venetian Blind Shading
2.5. Energy Production

Turkey has important potential of solar energy, solar energy is the most convenient way to generate energy
in a high dense urban environment. Therefore, solar panels are used for energy production. Each panel
has 17.3% module efficiency, which is highest performing one on the local market by the time. PV panels
places on the south facing side of the roof and direct sun exposed part of the South, East and West facades
on the date of June 21. By following described methodology and using listed inputs above, amount of site
energy consumption and productions are calculated and compared. Since the source energy conversion
factor various in each county, first site energy consumption and production is calculated and analyzed.
Then, site energy consumptions of the least and highest performing alternatives are converted to source
energy consumptions. Source energy conversation factor for natural gas is 1 and for electricity 2.36 in
Turkey [69]. Results and analysis are presented in detail below.

3. RESULTS and ANALYSIS

This part presents the results of simulations and analysis of the findings. The simulation was performed via
EnergyPlus simulation software. Energy consumption and production results are provided below.

Energy consumption results of all 24 urban textures which are made of six different building types are
presented in Figure 7. Building types are simulated under small and large yard (w,=2w:) alternatives. For
each yard alternative, minimum (1.3) and maximum (2.3) h/w; ratios simulated. In order to simplify, each
building type subcategorized as A, B,C, and D-distances. Each urban textures are simulated for three
different building envelopes: TS-825, Near-0, and Existing envelope.
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700 1 Energy Consumption Performance (gj)
60,0
50,0
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Energy (GJ)
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I Existing Envelope [ TS-825 Standard Envelope Urban Texture

[ Near-0 Envelope

Dogrusal (Existing Envelope )

Figure 7. Energy consumption performance per unit (gj)

At first glance, Quad. apartment types consume least amount of energy while Single Standing (SS) building
apartment types consume highest amount of energy. Row apartment performs as the second best
alternative. Comparing all three twin alternatives, energy consumption of Twin-1 is the minimum while
Twin-3 is the exact opposite. TS-825 envelope building performs better than the Existing envelope;
however, Near-0 envelope reduces energy consumption significantly. In terms of energy consumption,
from the order the lowest energy-consuming alternative to the highest value is D, C, B and A. Detailed
analysis is presented below.

3.1. Influence of Envelope on Energy Consumption

Energy consumption performance of the Existing envelope for different building types and textures are
presented below (Figure 8). Quadruple apartment type consumes least amount of energy per unit while
Single S. apartment type consumes highest amount of energy. Comparing four different distance values,
D-distances consume minimum and A-distances consume maximum amount of energy within all building
types. Best performing one in all 24 different alternatives is Quad-D building type with 41.7 gj/per unit
while the least performing one is Single-A alternative with 60.3 gj energy consumption per unit. Single-A
with Existing envelope consumes 44.7% of more energy comparing to Quad-D alternative.

Energy Performance of Existing Envelope (gj/per unit)
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Figure 8. Energy performance of Existing envelope in 24 different building type and texture alternatives

The second envelope is TS-825 standard envelope. Energy consumption performance of TS-825 standard
envelope for all 24 types and textures are illustrated in Figure 9. Similarly, Quadruple apartment type
consumes least amount of energy per unit while Single S. apartment type consumes highest amount of
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energy. Comparing four different distance values presented similar results with Existing envelope. The
best performing one in all 24 different alternatives is Quad-D building type with 44.3 gj/per unit, compare
to Existing envelope performance of 60.3 gj energy consumption per unit. The least performing TS-825
envelope one is Single-A alternative with 34.4 gj energy consumption per unit, compare to Existing
envelope performance of 41.7 gj energy consumption per unit. In TS-825 envelopes, Single-A consumes
28.9% of more energy comparing to Quad-D alternative.

Energy Performance of TS-825 Standard Envelope (gj/per unit)
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Figure 9. Energy performance of TS-825 envelope in 24 different building type and texture alternatives

The last one is Near-0 envelope. Energy consumption performance of Near-0 envelope for all alternatives
are presented in Figure 10. The order of energy consumption for building types and distances resulted very
similar to Existing envelope and TS-825 envelopes. Quadruple apartment type consumes least amount of
energy per unit while Single S. apartment type consumes highest amount of energy. Comparing four
different distance values, D-distance consumes minimum and A-distance consumes maximum amount of
energy within all building types. Best performing Near-0 one in all 24 different alternatives is Quad-D
building type with 22.9 gj/per unit, compare to TS-825 envelope performance of 44.3 gj/per unit energy.
The least performing one is Single-A alternative with 29.2 gj energy consumption per unit, compare to TS-
825 envelope performance of 34.3 gj/per unit energy. Single-A texture with Near-0 envelope consumes
27.3% of more energy comparing to Quad-D alternative.

Energy Performance of Near-Zero Envelope (gj/per unit)
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Figure 10. Energy performance of Near-Zero envelope in 24 different building type and texture
alternatives

Detailed results of retrofitting Existing envelope to TS-825 and Near-0 envelopes summarized in Figure
11. The presented results for building types are the average value of four different distance alternatives (A,
B, C, & D). Near-0 envelope Quadruple apartment consumes 23.18 gj/per unit energy which is the most
conservative alternative while Near-0 envelope Single standing apartment consumes 28.51 gj/per unit.

The performance of retrofitted envelopes is compared with Existing envelopes. It is found that retrofits can
save up to 51.7% energy. Although retrofits saved energy in all types of buildings, the saving rates within
Single Standing apartment type is the highest. In this type, retrofitting Existing envelope to Near-0 saved
51.7% of energy while retrofitting it to TS-825 envelope saved to 26.6% of energy. However, retrofitting
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Existing envelope of Quad. apartment to Near-0 saved 45.2% of energy while retrofitting it to TS-825
envelope saved to 17.7% of energy.

Average Energy Consumption (gj/per unit)

80,0
60,0
40,0
20,0

0,0
Single Standing Twin-1 Twin-2 Twin-3 Row Apartment Quadruple
Existing TS-825 Near-0

Figure 11. Average energy consumption of different building types and urban textures (Quadruple
indicates the average energy consumption of Quadruple-A, B, C, & D for three different envelopes)

3.2. Influence of Urban Texture on Energy Consumption

In order to better understanding about the influence of urban texture on building energy consumption,
energy consumption difference in all building types examined for each envelope types. Comparing best
and worst performing of all 24 texture alternatives regardless of building type, a residential unit of Single-
A consumes 60.25 gj and a residential unit of Quad-D consumes 41.65 gj/per unit. In other words, Single-
A alternative consumes 44.66% more energy comparing to Quad-D with Existing envelope. Retrofitting
Existing envelope to TS-825 standard results a change in the influence of urban texture on energy
consumption performance. With TS-825 envelope, a unit of Single-A consumes 44.7 gj while a Quad-D
residential unit consumes 34.35 gj/per unit. This means, a Single-A residential alternative consumes 28.9%
more energy comparing to Quad-D. Retrofitting TS-825 standard envelope to Near-0 proposal results also
significant amount of reduction in energy consumption. A unit of Single-A consumes 29.16 gj/per unit
while a Single-D residential unit consumes 22.9 gj/per unit energy. In here, Single-A consumes 27.34%
more than Quad-D. These results clearly show that urban texture has a significant influence on energy
consumption performance in all envelope alternatives.

In other words, retrofitting Existing envelope to TS-825 standard resulted a reduction from 44.6% to 28.9%
in the difference while the retrofitting TS-825 standard to Near-0 proposal resulted also a reduction from
28.9% to 27.34%. Although the influence of urban texture on building energy consumption decreased with
the envelope retrofits, it still generates 27.3% difference in energy consumption which is a significant
number. The comparison until this point includes each and every building types and different wi/w- and
h/w: ratios. The results show that Quadruple apartment building type with large yard (w»/w:=2) and
h/iw1=2.3 performs best in terms energy consumption, while Single standing apartment building type with
small yard (w1/w»=1) and h/w1=1.3 performs worst in all three envelope alternatives. Despite the fact that
Quadruple apartment consumes minimum amount of energy, it is not wise to expect future cities or future
of Istanbul consist of a certain residential type in a single urban texture.

Energy performance is not the only determent on housing choice. People always wants alternatives that
reflects themselves. Some people may not want to live in a crowded apartment building or other may prefer
to live in only south facing apartments. Therefore, it is important to understand each and every building
types and their performance in different textures (wi/w>) and (h/w1). Changing envelope also changes the
energy consumption difference in each building types. Besides, change of texture also changes, the energy
performance in each building types. It is obvious that energy consumption difference is minimum in Quad.
apartment types with 2.46% in Near-0 alternative. The maximum energy consumption difference is Twin-
3 apartment alternative with 5.65 percent. The detailed difference showed in Figure 12.
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Energy Consumption Difference in each Group (%)
M Existing Envelope M TS-825 Envelope Near Zero Envelope
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4,0 —
X
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Single Standing Twin-1 Twin-2 Twin-3 Row Apartment Quadruple

Figure 12. Average energy consumption difference due to urban texture alone
3.3 Energy Production Performance Analysis

In this part, the influence of urban texture on building energy production potential investigated. The result
of energy production performance is illustrated in Figure 13. It is found that while Quad-D is the most
productive alternative, Row-A is the least productive one. Although the number of residential units higher
in Quad. apartment, the south facing roof area is also larger. Therefore, the Quad-D performs best of all.
Second best performing one is the Single-D alternative. This graph is also clearly illustrates that D-distance
alternative produce highest amount of energy while A-distance produce minimum amount of energy. C-
distance produce slightly more energy than B-distance. Comparing lowest and highest energy production
potential, Quad-D produce 115.96% more energy than Row-A alternative (Figure 13). It is found that
there is 17.29% of energy production difference within Single Standing building type. The difference is
23.57% for Twin-1 apartment, 25.29% for Twin-2, 25.29% for Twin-3, 33.49% for Row, and 17.82% for
Quadruple apartment (Figure 14).

Energy Production Performance (gj/ per unit)
M Energy Production
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G
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Figure 13. Influence of urban texture and building type on energy production performance

Energy Production Difference within Building Type (%)
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Single Standing Twin-1 Twin-2 Twin-3 Row Apart. Quad.
Figure 14. Energy production performance difference within each building type due to urban textures
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4. DISCUSSION

This section focuses on optimization of energy consumption and production potential of different urban
textures. Figure 15 illustrates the energy performance of all 24 different textures under three envelope
alternatives. It shows what percent of consumed site energy was generated from solar panel for each
specific type. The results clearly shows that none of them achieves net-zero energy target; however, Single-
D alternative with Near-0 envelope achieves generating 69% of its annual energy need. With the same
envelope type, Quad-A is able to generate only 36.8% of its annual energy consumption. Although they
both Near-0 envelope type, there is a significant performance difference due to urban texture and building
type effect. Quad-A with Existing envelope is the least performing alternative which can generate 20.1 %
of its annual energy need. Comparing building types, it can be listed from best performing to least
performing one as Quadruple, Row, Twin-1, Twin-2, Twin-3, and Single Standing apartment. The order
is also applicable for other two envelope types. Comparing the distances, D-distance always performs best
while A-distance performs least.

Figure 15 presents the results of what percent of site energy consumption received from site produced
energy. Calculation of source energy results shows that the least performing one, Quad-A texture with
Existing envelope, achieves 25.1%. On the other hand, Single-D texture with Near-0 envelope alternative,
which is the highest performing one, is capable of achieving 83.9% near zero energy target.

Single 5. Apartment Twin-1 Apartment Twin-2 Apartment Twin-3 Apartment Row Apartment Quadruple Apartment
A B C D A B C D A B C D A B C D A B C D A B C D

Exisitin
Envelo:e 27.2 30.2 30.6 33.3 25.2 28.7 29.3 32.7 228 26.2 26.9 30.2 22.8 26.2 26.8 30.1 20.8 24.7 25.5 29.1 22.1 22,5 24.4

TS-825
Envelope

I:earl-l) 56.1 62.5 63.5 493 56.4 57.6 640 445 512 526 58.7 42.8 493 505 56.5 389 456 47.8 542 36.8 405 412 444
nvelope

Figure 15. Comparison of site energy balance for all urban texture alternatives

37.0 411 417 455 32.6 37.3 38.0 425 295 339 348 391 285 32.8 33.5 377 25.8 30.5 31.6 359 244 269 273 29.6

5. CONCLUSION

The purpose of this study is to evaluate energy performance potential of residential buildings in order to
decide the fitness of existing urban renewal progress with the goal of achieving zero-energy building goal
of Turkey. For this aim, energy performance of residential buildings in Istanbul are simulated with building
envelopes, building types, and urban textures. Evaluation of 24 different urban textures showed that it is
not possible to achieve zero energy target with neither of all three building envelope alternatives. However,
the best performing alternative achieves 69% site near-zero energy and 83.9% source near zero target with
proposed Near-0 envelope. On the other hand, least performing alternative achieves only 20.1% site near-
zero energy target and 25.1% source zero energy target.

Evaluation of building envelope energy consumption showed that although TS-825 standard provide a
significant saving in energy consumption comparing to Existing envelope, its savings are far from enough
achieving zero energy target. Best performing alterative texture of TS-825 envelope is capable of only
achieving 45.5% site zero energy goal. Therefore, it is necessary to revise current TS-825 standard with
more zero energy goal oriented version.

Another purpose of this study was to understand the influence of urban texture on building energy
production and consumption. It is found that there are average 44.7% of energy consumption difference
between best and least performing urban texture in Existing envelope while it is 28.9% for TS-825 standard
and 27.3% for near-zero envelope. Urban texture also effects energy production performance, as well.
There are 115.96% of difference in site energy production performance between best and worst performing



607 Halit BEYAZTAS, Gul Koclar ORAL / GU J Sci, 33(3): 592-611 (2020)

one. This study clearly shows that urban texture has very significant influence on not only building energy
consumption but also production performance in all building envelope types. Since Turkey is in the middle
of a massive urban renewal process, along with building envelope, optimization of urban texture is also a
very high potential for both energy savings and energy production point of views.

This study focuses on energy reduction and production with urban texture, energy production, building
envelope, and lighting retrofits because they are mainly focus area of building design. Although these
retrofits are not enough to achieve net-zero energy building target, it is proven a building can get 69.1%
percent closer to site near-zero energy goal and 83.9% source near zero energy. There are also other ways
to reduce energy consumption such as utilizing district heating systems. Additionally, potentials of wind
and geothermal energy would extent achievement of zero energy target.

It should be noted that modifying urban texture comes with possible outcomes from urban transportation
energy perspective. For a healthy conclusion when deciding energy efficient urban texture in Istanbul,
building energy and transportation energy performances must optimized together. This study focused on
building energy performance part, there is a potential for following studies to work on the relationship
between urban texture and urban transportation performance.
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