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Energy Efficient Renovations and Costs In Existing Building
Society Houses
Highlights

« Energy Efficient Renovation
+» Housing Cooperatives
% Use of Local Materials
Graphical Abstract

Considering that the energy problem is increasing day by day, the amount of energy consumed by existing buildings
is too high to be ignored. In the studies conducted, it was observed that there was inadequacy in the use of local
materials and cost. For this purpose, the energy efficient renovation costs in mass housing were examined through
the selected building group and a contribution was made to the literatire.

= v demountability
¥ reparability V/\ v possible substitution
EARTHOUAKE with new technologies

\l\ ,%
ﬁ [7 - -
recycling
re

v sustainable materials & = LIFE use

CYCLE

v’ dry techniques
¢ Precasting @ THINKING
FUNCTIONS

@ ﬁ v adaptability

< recy.:hng

demolition reuse

dowwncydlin

Figure. Building Life Cycle (Life Cycle Assessment, 2022)
Aim
A renovation approach was made through a Yapt Konut Kooperatif production selected as a study area in Avanos

district of Nevsehir Province. It was aimed to contribute to energy efficient renovations by using local materials and
making energy and cost calculations.

Design & Methodology

In the study, the Bep-TR regulation and the Bep-TR application, which is dependent on the regulation, were selected
as the method. The current energy status of the selected residences and the energy consumption and carbon emission
amounts after the proposed renovation approach were determined through the selected program.

Originality

Although many studies have been conducted on energy and cost, it has been seen that studies on the use of local
materials and cost in renovations are insufficient and this study has contributed to the literature.

Findings

Within the scope of the study, the current status of the houses was evaluated and renovation suggestions were made
in light of the legislation. Energy gains and cost calculations of the energy efficient renovation of the houses were

made. In addition, the cost of using local materials and its effect on energy were revealed. As a result, 44% savings
were achieved in energy and greenhouse gas emissions..

Conclusion

The energy consumption values of Insurance Houses in Avanos were discussed. The current energy consumption
values of the houses were calculated with the Bep-BUY software. Renovation approaches were made to reduce energy
consumption values and meet legal obligations. It was observed that approximately 44% energy and 43% carbon
emission gains were achieved with the renovations.

Declaration of Ethical Standards

The author(s) of this article declare that the materials and methods used in this study do not require ethical committee
permission and/or legal-special permission.
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ABSTRACT

The search for new resources has begun to meet the energy needs of the increasing world population, and the efficient use of
existing resources has become important. In residences, which have a large share in the consumed energy, it is considered important
to reduce the amount of energy used. Although many studies are conducted in this field, studies on the use of local materials and
costs in renovations are insufficient. For this purpose, a renovation approach was made through a Yapi Konut Kooperatif production
selected as a study area in Avanos district of Nevsehir Province. The Bep-TR regulation, which is mandatory in our country, and
the Bep-TR application, which is dependent on the regulation, were selected as the method in the study. The current energy status
of the determined residences and the energy consumption and carbon emission amounts after the proposed renovation approach
were determined through the selected program. The current energy classes of the buildings were determined as F156. The proposed
renovation approaches were planned in a way that would meet the legal obligations for the energy class of the building (C 99). In
addition, the energy values and costs of the stone coating application, which is a local material, were evaluated in the renovation
approaches.In the study, it was observed that 43% energy and 44% carbon emission savings were achieved in two different
renovation proposals. It was observed that the cost was high in the case of using local materials. However, stone cladding was seen
to be preferable due to its high durability and sustainability. The study is expected to guide energy-efficient renovations in mass

housing.

Keywords: Energy Efficient Renovation, Housing Cooperatives, Use of Local Materials.

1. INTRODUCTION

With the industrial revolution, energy has become
indispensable for human life. With the development of
technology, energy has become necessary in every area
of life [1]. The increasing world population, changing
human needs and the differentiation of living standards
continue to increase the need for energy. In order to
obtain the required energy, existing resources must be
operated or renewable energy sources must be used [2].
The fact that existing resources can be exhausted and the
damage to the atmosphere caused by the gases produced
while obtaining energy from these resources constitute
another problem for the future of the world. For a livable
world, the use of renewable energy sources and saving
existing energy are considered important [3].

Buildings have a large share in the energy consumed.
According to Peter Bakker, the president of the World
Business Council for Sustainable Development
(WBCSD); buildings are the largest energy consumers in
the world economy, accounting for more than one-third
of final energy use and approximately 30% of global
carbon emissions [4]. Buildings consume energy
throughout their entire life cycle, from construction to
demolition (Figure 1). They continue to consume energy
throughout the entire process, from the production of the
building’s structural elements to the construction phase,

*Sorumlu Yazar (Corresponding Author)
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from the usage period to demolition and recycling phases
[5].

Global problems such as the increasing need for energy,
the decrease in energy resources, and the damage to
nature during energy production have become problems
for all countries [6]. In order to maintain the current
situation and to encourage renewable resources, solution
proposals are being produced on a national and global
scale.

2. BEP-TR APPLICATION

Global The Ministry of Environment and Urbanization is
making legal arrangements to provide solutions to factors
such as environmental concerns, limited energy
resources in the face of rapidly increasing energy
consumption, climate crisis, and economic reasons. In
this context, the “Regulation on Thermal Insulation in
Buildings” was published in 2008 for buildings, which
are a major source of energy consumption [7]. The
regulation includes the necessary procedures, methods,
standards, and methods to calculate the energy
consumption value of buildings. With the prepared
national calculation method (BEP-TR), the Energy
Identity Certificate (EIC) is given, which includes the
building's energy consumption value, CO: emission rate,
heating, cooling, lighting, and renewable energy usage
information [8]. EIC can be given to residential, office,



Dilan SARIKAYA, Z. Ozlem PARLAK BICER, G. Liitfiye SAHIN / POLITEKNIK DERGISI

Politeknik Dergisi, 2026; 29(3):290307 : 1-13

hospital, education, hotel, and shopping mall buildings.
In addition, the housing category is considered as
detached, apartment, and residence. First made
mandatory for new buildings constructed after 2010, EIC
has become mandatory for all buildings as of 2020 [9].
Since it is mandatory to apply it in all buildings across
the country, Bep-TR was selected as the energy
calculation method within the scope of the study.

A national software program was created within the
framework of the “Energy Efficiency Law” and the
“Energy Performance Regulation in Buildings”, which
was established to reduce energy consumption and
prevent air pollution. The Building Energy Performance
Application First Version (BEP-TR 1) software, which
will create the EIC document showing features such as
energy consumption, CO: emissions, and insulation
information of buildings, was published in 2011 [10].
With the application prepared by the Ministry of
Environment and Urbanization, the parameters affecting
the energy consumption of existing and new buildings are
examined and the energy performance classes of the
buildings are determined [11].

While preparing the software, the method detailed in the
"Communiqué on the National Calculation Method for
Energy Performance in Buildings" published on
05.12.2008 was used [10]. Basically, while making the
calculation, if TS is insufficient for EU and national
values, ASHRAE is used. The codes, names and the
legislations from which they were taken are given below
(Table 1) of the standards and documents used in the
preparation of Bep-TR.

Table 1. Bep-TR standards used [12]

Standard Name (English)
number

EN 13790 Energy Performance of Buildings -
Calculation of Energy Use for Space
Heating and Cooling

EN 13789 Thermal Performance of Buildings -
Transmission Heat Loss Coefficient -
Calculation Method (1SO 13789: 1999)

EN 15251 Indoor Environment Criteria for Design
and Calculation of Energy Performance of
Buildings

TS 825 Rules of Thermal Insulation in Buildings

EN ISO Thermal Bridges in Building

14683 Construction- Linear Thermal
Transmittance- Simplified Methods and
Default Values (ISO 14683:2007)

EN 10456 Building Materials and Products -
Hygrothermal Properties - Tabulated
Design Values and Procedures for
Determining Declared and Design
Thermal

BS EN 12524 | Building Materials and  Products.
Hygrothermal  Properties.  Tabulated
Design Values

BS EN 12524 | Conventions for U-Value Calculations

TS 2164 Project Guidelines - Central Heating
Installations

Table 1. (Cont.). Bep-TR standards used [12]

Standard Name (English)
number
DIN 18599 Energy Efficiency of Buildings -
Calculation of the Net, Final and Primary
Energy Demand for Heating, Cooling,
Ventilation, Domestic Hot Water and
Lighting
EN 13370 Thermal Performance of Buildings - Heat
Transfer Via the Ground - Calculation
Methods
2005 Fundamentals Handbook
ASHRAE

In this application, the simple hourly calculation method,
which is a semi-dynamic calculation method, has been
adopted [13]. The system determines the energy
performance class by comparing the default building and
the imaginary building [14]. The reference building is an
imaginary building with the same location as the original
building, the same dimensions, but providing minimum
compliance with the regulations in terms of mechanical
system and building component features. In other words;
it is a digital twin with the minimum energy values that
must be provided. The reference building is
automatically defined by the system according to the
project information [15].

The energy class of the building is determined by
comparing the energy consumption per square meter and
the CO: emission value of the original structure and the
ghost structure. In order to calculate the energy
consumption of the building; building location and title
deed information, building geometry, heating, cooling,
ventilation, lighting and building component information
and building zones must be entered into the system
(Figure 1) [10].

EXTERNAL CLIMATE DATA

»Outside Air Temperature (TMY) v
» Solar Radiation (TMY)
>Relative Humidity (TMY)

TRANSFER

* INTERNAL GAINS FROM EQUIPMENT LEAKAGE
AR | « INTERNAL GAINS FROM PEOPLE .
LEAKAGE + MATERIALS
. BUILDING TYPOLOGIES A DAYLIGHT
Ve + BUILDING FORMS EFFECT
« ZONING
HEAT « COMFORT CONDITIONS HEAT
TRANSFER ] TRANSFER

TRANSFER
Figure 1. Bep-TR Inputs Determining EP Class [12]

The Energy Performance (EP) class D performance value
of the reference building is 100. Energy classes are
shown according to EP values and the same values are
used for CO2 emissions (Table 2) [10].
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Table 2. Energy Classes According to EP Values
Energy Performance Ranges
0-36
40-79
80-99
100-119
120-139
140-174
175-

Energy Class

G Mmoo w>

After the application was put into use, the second version
was worked on to resolve the problems and deficiencies
encountered, and in 2017, the Building Energy
Performance Application Second Version (BEP-TR 2)
was published and started to be used [14]. The Bep-TR 2
version consists of 2 basic parts that work online and
offline on the desktop. The online system is the Ministry
of Energy Performance in Buildings end software (Bep-
BUY), and the internet-based server application is called
Bep-IS [10]. In general, the system is seen to consist of
two steps (Figure 2). The Bep-TR application can be
downloaded from the Ministry of Environment,
Urbanization and Climate Change website and used by
authorized users.

With the Bep-BUY application, all data regarding the
building can be uploaded to the system and preliminary
calculations of greenhouse gas emissions can be made
with the EP value [16]. The system can work online or
offline, and calculations can be made automatically
without any authorization. In this way, the current EICs
of the houses and the EICs obtained after the proposed
renovation were calculated through Bep-BUY within the
scope of the study (Figure 2) [10].

Project information

Building information

> Project approval
D) Project technical
details and drawings
aa - e e ene m=ts  Creating an EIC
I (—
O [} | Structure component
Q = properties =¥ (Authorized person,
[an) institution audit
Preliminary

Questioning

calculation report

Wi

Figure 2. Scope of Bep-BUY and Bep-IS Study

All information entered on the building name via Bep-
TR is also used in the creation of the reference building.
The building energy performance value is determined by
comparing the annual energy consumption per m? of the
building with the annual energy consumption per m2 of
the reference building. The same approach is applied to
CO: emissions. According to the calculation method;
cities are divided into 4 different climate zones, and the
highest U (Thermal Transmittance Coefficient) values
that should be accepted for each zone are determined. U

values are given separately for roof, floor, wall and
window (TS825, 2008).

The recommended values are also considered as the U
values of the reference building and the solar energy
transmittance coefficients of the transparent component.
The building energy performance, which determines the
energy class, is calculated with the following formula for
energy consumption:

E, EP= 100 (EP,/ EPr) @)

Ep: Energy performance of the building

EP: Annual energy consumption amount per m? of the
building, converted to primary energy (KWh/m2 -year),
r: Reference building,

a: The actual building.

The following formula is used for CO. emissions:
Eysg¢ = 100 (SEG, / SEG,.) (2)

SEG: It expresses the annual CO: emission amount per
m2 of the building (kg-CO2/m? -year) (Building Energy
Performance Calculation Method, 2017; Yigit, 2013).

The building energy class is defined according to the
determined Ep value. The E, value of the reference
building is taken as 100 and the energy class is
determined as D. The energy performance class and CO:
emission classes are determined with the same evaluation
system.

The study area is located in the 3rd Region of Avanos
district of Nevsehir province. The external wall heat
transmittance value to be presented in the renewal
approach must be UD: 0.50, UT: 0.30 and below. While
selecting the material in the renewal approach, the
technical properties of the heat insulation material were
decided using this calculation.

3. COOPERATIVE HOUSES

The role of construction cooperatives in housing
production did not exceed 10% until the 1970s, but with
the cooperation with municipalities in the 1970s, it
increased to 15% by 1980 [17]. With the establishment
of the cooperatives' upper organizations and the Mass
Housing Law enacted in 1984, cooperative housing
production increased and reached its highest level in
1986. While it was around 16% in 1980, it increased to
36% in 1986 [18]. Due to the legal regulations,
restrictions on credit opportunities, and TOKI and the
private sector taking a more active role in housing
production, cooperative housing production decreased
after 2000. Today, this rate has dropped to 1% [19].

Within the framework of Law No. 3476, cooperative
unions were established by the coming together of at least
7 cooperatives, and central unions were established by
the coming together of cooperative unions. According to
the data on the official website of the Ministry of
Commerce, there are a total of 3 central unions, 338 sub-
unions of these centers, 54,996 Housing Construction
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Cooperatives affiliated to these unions and a total of
1,985,076 members [20].

In this context; the first established upper organization is
the “Central Union of Turkish S.S. Construction
Cooperatives” (TURKKONUT). The upper
organization, established in 1985, was established with
the aim of “producing policies for housing production,
contributing to the country’s economy, making the
construction sector economical and rational, disciplining
and supervising housing cooperatives, guaranteeing the
savings of construction cooperative partners, and
ensuring that they have a cheap, solid, reliable and high-
quality home.” There are 225,000 partners under the
central union through 12 unions (Table 3) and 1347
cooperatives. Houses have been delivered to 200,000 of
these partners and the construction of 25,000 houses is
ongoing [21].

Table 3. TURKKONUT Sub-Unions
Affiliated Cooperatives

Altindag Housing Production Building Cooperatives Union
Western Union Housing Construction Cooperatives Union
Berk-Ay Housing Construction Cooperatives Union
Beysan Workplace Building Cooperatives Union (Istanbul)
Fatih Housing Construction Cooperatives Union

Hasret Housing Cooperatives Union

I1zmir Construction Cooperatives Regional Union

Kale Housing Production Building Cooperatives Union
Pazar Housing Cooperatives Union

Serhat Housing Construction Cooperatives Union

System Housing Cooperatives Union

New Zafertepe Construction Cooperatives Regional Union
(Kitahya)

Another superstructure, the “Central Union of Turkish
Urban Cooperatives (TURKKENT)” was established in
Ankara in 1988. The union, which was formed by the
merger of 14 sub-unions, today has 32 sub-unions, 790
active cooperatives affiliated to them and around 37,000
members. Within the scope of the central union, a total of
2200 Housing Construction Cooperatives affiliated to 45
housing construction cooperative unions have become
members and more than 240,000 houses have been
constructed. Today, there are 7 Housing Construction
Cooperative Unions that continue to provide service
(Table 4) [22]. Information on the 3rd superstructure
could not be accessed.

3.1. Building Society Houses

Building Society Houses, a Yapi1 Konut Kooperatifi
located in Avanos district of Nevsehir province, was
selected as the study area. Building Society Houses is a
housing community consisting of 54 blocks and 108
independent units, the construction of which started in
1975 (Figure 3).

Table 4. Active Housing Construction Cooperative Unions
that are TURKKENT Members

Cooperative Unions City

ADANA- COOP ADANA
ANT- COOP ANTALYA
DICLE- COOP DIYARBAKIR
ERYAMAN- COOP ANKARA
KENT- COOP ANKARA
HOUSING-UNITION ISTANBUL
YESILKENT ISTANBUL

The garden blocks consist of a ground floor and 1 normal
floor. There is an independent section on each floor. The
houses have a plan scheme consisting of 3 rooms, a living
room, a kitchen, wet areas and 2 small balconies (Figure
4-5). The project and application information of the
structure could not be found in official records. The
necessary information was obtained by on-site
measurements and interviews with the users [23].

Figure 5. Building Society Houses
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The houses are built with 20 cm masonry load-bearing
brick walls. Black plaster (cement-based plaster) and
paint were applied to the outer and inner surfaces of the
walls, and the inner parts were repaired with gypsum
plaster over time. The stairs are reinforced concrete
pillared carriers with mosaic casting on them. The
windows, wooden frames and glasses are made of single
glass. Since the wooden joinery was exposed to rain and
air and wore out over time, heating problems increased
and over time it was replaced with PVC joinery and
double glass by the users. The main entrance door of the
building was manufactured as a non-heat-insulated metal
door (Figure 6).

Figure 6. Addition to the Garden

Since the houses were built before the “Heat Insulation
Regulation”, there is no thermal insulation application in
any of the building components. Information on thermal
insulation materials for the foundation, floor and roof
could not be obtained. In the examination, the floor layers
resting on the ground were determined as cast mosaic
flooring on unreinforced lean concrete. The intermediate
floor flooring was accepted as 4 cm cast mosaic on 15 cm
reinforced concrete flooring in its original construction.
The exterior and interior walls were calculated as black
plaster on 20 cm brick. The roof covering material was
tile flooring on a wooden structure.

Buildings heated with solid fuel stoves were converted to
natural gas heating with the arrival of natural gas. Hot
water needs were also converted to natural gas, and it was
observed that some blocks used solar energy systems.
However, since this application was seen very rarely,
solar energy was not taken into account when calculating
energy consumption. Since the majority of users used
LED or energy saving bulbs for lighting elements,
average values were taken into account.

4. CURRENT STATUS ENERGY CLASS

The Bep-TR application selected the building type with
the location and construction information of the building
and created a project. Floor plans were created with the
program and details of the building components were
selected. The heating, hot water and lighting information
of the block with a total construction area of 220 m2 were
entered. Since photovoltaic system, cogeneration system,
mechanical cooling and ventilation systems were not
used in the houses, no data entry was made in these
sections.

As a result of the information entered into the system, the
Thermal Transmittance Coefficient (U Value) of the
building components was calculated (Table 5). In line
with these values, the system calculates the energy
consumption and CO: emission amounts of the building.
The energy and carbon class of a block belonging to
Building Society Houses was determined as F156 (Table
6).
Table 5. Current Situation U Values

Building Components U Values
Outer wall 1.63
Inner wall 1.45
Floor-Sit Flooring 1.80
Mezzanine Flooring 3.68
Attic Flooring 4.00
PVC Window 1.50
Roof Covering 0.98

The total energy consumption of the building was
calculated as 375.67 kWh/m2.year per m2, and the carbon
emission amount was 88.21 kgCO./m?.year. When the
total values were examined, it was observed that the most
energy was used for heating needs. It constituted
approximately 94% of the total energy used. 350.04
kWh/m2.year of energy is used to meet the heating need
for one m? area. The amount of CO: released while
meeting this energy was revealed as 82,04
kgCO2/m?.year (Table 6).

It was observed that the largest share after heating
belongs to Sanitary Hot Water with a rate of 5%. The

Table 6. Current Energy Consumption

Annual energy consumption Renewable energy
Final (kWhiyzar) Primary(kWhivear) (\WhiM2 year) (kgCo2WhIM2 year] Pamary(kWhiyear) (KWhM2 year(kgColWhiM2 year] building cdass  Col class
Final Primary M2 M2Co2 PrimaryRegen M2Regen M2Co 2Gan EkbClass CodClass =
Total 040,06 9 2 88 0.00 0,00 3 3
Heating 66B55.87 E7392E1 350,04 B2 0.00 0.00 F1E0
Sanitary Hot Water| 340704 345953 1747 422 0.00 0.00 D
Cooling 14,27 w7 014 0.04 0,00 0.00 A9
Ventilation 0.00 0.00 0.00 0.00 D 100
Lighting 762.88 144718 752 192 G20 -
Photovoltaic 0.00 0.00 0.00 -
Cogeneration |4 | |+
Direct Greenhouse Gas Emission (m*): 246
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amount of energy to be used to meet the need for sanitary
hot water was calculated as 17.97 kWh/m2.year per m?,
and the carbon emission of the consumed energy was
calculated as 4.22 kgCO-/ m?.year (Table 6).

Another parameter, the amount of energy used for
lighting, is less than other loads, but it accounts for 1%
of the total energy. Lighting energy consumption is 7.52
kWh/mz2, and carbon emissions are calculated as 1.92
kgCO2/m?.year per m>.

No mechanical system information regarding cooling
was entered into the program. However, it was observed
that calculations were made based on the system
components of the building. Accordingly, while a total of
0.14 kWh/m2 of energy was consumed for cooling in the
building, the amount of CO: emissions was determined
as 0.04 kgCO>/m?.year (Table 6).

When looking at the total values, the highest share in
energy consumption is heating energy. While 94% of the
total energy is heating loads, it accounts for
approximately 93% of CO: emissions. After heating
loads, the highest share of energy used in the building is
sanitary hot water. The energy used to provide hot water
accounts for 5% of the total energy, while it also has the
same rates in carbon emissions. Lighting energy is
responsible for 1% of the total energy and 2% of CO:
emissions. It was observed that cooling loads are too
small to affect the percentages (Table 7).

Table 7. Current Energy Consumption
Energy consumption CO: Emission
m? Prima Ene Ra | m? Rate
(KWh/ ry rgy te (kgC
mzyear (kWh/ Cla O:/m?.
) year)  ss year)
Heating 350,04 67.393 F %9 | 82,04 %93
,61 160 3
Sanitary 17,97 3459, D %5 | 4,22 %5
Hot 53 101
Water
Cooling 0,14 2707 A 0,04
29
Lighting 7,52 1447, G %2 | 1,92 %2
18 233
Total 375,67 72327 F %1 | 88,21 %10
,39 156 00 0

4.1. Renewal Approaches

Existing houses need to be renewed due to reasons such
as wear and tear during their use, inadequacy in meeting
comfort conditions, and systems that are used falling
behind technological developments. Especially buildings
built before the 2000 “Heat Insulation Regulation”
consume a lot of energy, especially for heating needs.
With renovations, comfort conditions of users can be
improved while energy consumption can be saved.

When the studies in the literature were examined, it was

determined that the most effective renovation approaches
were made through building facade and roof cladding.

While Alveraz et al. [24] revealed that the most savings
were made with facade and roof insulation in continental
climates, Almedia and Ferreira. [25] determined that the
most suitable option in terms of cost was the insulation
on the building facade [24]. In addition, the studies
showed that the most suitable insulation material for the
facade was XPS and for the roof, stone wool was the
thermal insulation material [26].

In this context, the renovation approaches in Avanos
Sigorta houses selected as the study area were determined
to cover the building facade and roof. In the renovation
approaches, it was preferred to use suitable materials
specified in the literature. While stone wool heat
insulation material was selected for the building roof
flooring, it was decided to use XPS on the facade. The
thicknesses of the materials recommended to be used
were determined in a way that would not meet legal
obligations. After determining the current energy class of
the building through the Bep-BUY program, a renovation
approach was made in a way that would increase the
energy class to level C. In addition, the stone coating
application specific to the region, which is mandatory to
be applied in the region, was also considered within the
scope of the study and evaluated within the scope of cost
and energy.

In order to increase the current energy class of insurance
houses from F156 to C98, it was deemed appropriate to
apply 4 cm of “Extruded Polystyrene Foam (XPS) with a
thermal conductivity coefficient of 0.30” to the building
facade and 2.5 cm of stone wool thermal insulation
material with a thermal conductivity group of 0.035 to
the roof deck (Table 8). In addition, a different renewal
approach was made to evaluate the gains of using local
and sustainable materials. In the second renewal
approach, no change was made to the roof insulation
material in order to reveal the effect of the stone coating
used. On the other hand, the thickness of the XPS
application to be made under the stone coating proposed
to be applied to the building facade in order to achieve
the same energy class in both options was determined as
3cm.

Considering the cost of the proposed renovation
approaches, economic fluctuations and their effects on
costs, instead of evaluating them based on unit prices,
calculations were made based on current market values.
Since it was suggested to use local stone in particular,
companies providing service in the region were consulted
and an analyzed unit price list was prepared. During the
price research, the prices of materials that would meet the
heat conductivity values used in the calculations in the
system were emphasized. In addition, transportation,
loading and unloading, scaffolding, SSI, and general
expense items were added to the cost (Table 8). Prices
were taken on June 17, 2023 and the current dollar
exchange rate was $23.62. According to the metering
calculations, the total area where the facade application
will be made was calculated by taking the window and
door areas into account and a 5% loss share was given to
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the total metering. The total cost (X) is obtained by
multiplying the unit price (y) and metering (z) formula.

X =y*z
X= Renewal Cost ($)
y= Unit price ($)
z= Quantity (m?)
Table 8. Renovation Suggestions Wall Layers

®3)

System Login Thickness

L:1.000 — 04.01 — Lime mortar,
lime cement mortar

“L:0.500 — 07.01.02.01 — Walls
with solid or vertically perforated
bricks in accordance with TS EN
771 —1 - Brick walls”

L:1.400 — 04.06.01 — Cement
mortar plaster

L:0.070-04.10.01 — Thermal
insulation plasters (in accordance
with TS EN 998-1); Plasters with
thermal conductivity group 070
Extruded Polystyrene Foam — in
accordance with TS EN 11989
EN 13164; Thermal conductivity
groups 030 - Extruded
Polystyrene Foam (XPS) boards -
synthetic foam materials
L:0.070-04.10.01 - Thermal
insulation plasters (in accordance
with TS EN 998-1); Plasters with
thermal conductivity group 070
Extruded Polystyrene Foam - in
accordance with TS EN 11989
EN 13164; Thermal conductivity
groups 030 - Extruded
Polystyrene Foam (XPS) boards -
synthetic foam materials
L:0,440-07.02.03 Lime sandstone
walls (in accordance with TS 808
EN 771-2)

4.2. Post-Renovation Energy Classes

In the current situation, renewal proposals have been
made to reduce heating loads, which are the biggest
factor in energy consumption. With the renewal
approaches suggested to be implemented, the energy
class, which is F156, has increased to C98 in both
options. While the total amount of energy consumed in
the current situation is 375.61 kWh/m2.year, it has been
calculated as 214.46 kWh/m2.year as a result of the first
renewal proposal and 215.30 kWh/m2.year after the

3cm

Existing
Wall
Layers

30cm

5cm

lcm

1. Renewal
Proposal
Layers
4.cm

0.8cm

2. Renewal
Proposal

Layers 3cm

7cm

second renewal proposal including stone cladding
application. The heating load, which was 350
kWh/m2.year, has decreased to 188.97 kWh/m2.year in
the first renewal approach and 190.35 kWh/mz2.year in the
second renewal approach. While the amount of energy
used for heating needs has decreased by 46%, the total
amount of energy has decreased by 43% in both options.
It has been observed that while the amount of energy used
for hot water has decreased, the amount of energy spent
for cooling has increased.

Table 9. Energy Consumption After Renovation

Per Unit Area (kWh/mz2.year) Energy Class
Afte Afte  Afte
The After Dif r The r r
curr fer the Diffe | curr the the
the "
ent Fi enc  Sec renc ent Firs  Sec
: irst h
situ Renew ond e situ t ond
atio al (% Ren (%) atio Ren  Ren
n ) ewa n ewa ewa
| | |
Hea | 350, 188, 19, F
ting | 04 o7 Y46 35 46 | 4qp CO6 COT
San
itar
y 17,9 ] 171 D
Hot | 7 17,6 062 8 %4 101 c99 C97
Wat
er
c . A
~00 0,14 045 +%221 045 %22 B79 B79
ling 1 29
Lig
: G G G
-0, -0,
gtln 752 743 %1 7,32 %2 233 233 233
Tot 375, 214, 215, F
al 61 6 -%43 3 -%43 156 c98 C98

When the CO: emission amounts after the proposed
renewal approach are compared, they are similar to the
energy consumption values (Table 10). The amount of
carbon released to obtain the energy used to meet the
heating need, which has the largest share in greenhouse
gas emissions, decreased by 44% per unit area per year
after the first renewal proposal, from 88.21
kgCO2/m?.year to 43.14 kgCO2/m?.year. As a result of the
second renewal proposal, a saving of 43% was achieved
and the carbon emission, which is currently 82.04
kgCO2/m?.year, decreased to 50.63 kgCO2/m?.year after
the renewal (Table 29). The amount of CO- released for

Table 10. Comparison of Greenhouse Gas Emissions Between Current Situation and Post-Renovation

Per Unit Area (kgCO:/m?.year)

The current situation  After Renewal Difference (%) After Renewal Difference (%)
Heating 82,04 43,09 -47% 44,62 -46%
Cooling 0,04 0,13 +225% 0,12 +200%
Lighting 1,92 1,87 -3% 1,87 -3%
Total 88,21 49,14 -44% 50,63 -43%
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hot water use was observed to decrease by 4% as a result
of the first renovation proposal to be applied to the facade
and roof, and by 5% after the second renovation proposal,
from 4.22 kgCO./m?.year to 4.05 kgCO2/m?.year and
4.03-43.09 kgCO2/m?.year, respectively (Table 10).

Unlike these, although there is no mechanical cooling
system, it was observed that the carbon emission amount
of the energy to be used for cooling increased by 225%
for the first proposal and 200% for the second proposal.
Despite the high increase rate, the emission amount is
much lower compared to other factors. The greenhouse
gas emission, which was 0.04 kgCO./m?.year, increased
to 0.13 kgCO2/m2.year as a result of the first renewal
approach and to 0.12 43.09 kgCOz/m?2.year as a result of
the second renewal approach (Table 10).

Although the lighting data was not changed, the amount
of CO: released to meet the energy consumed to meet the
lighting need decreased from 1.92 kgCO./m?.year per
unit area to 1.87 kgCO:/m2year for both proposals,
resulting in a 3% gain (Table 10).

When the amount of carbon released per unit area of total
consumption energy is examined, greenhouse gas
emission, which is currently 88.21 kgCO./myear,
decreased by 44% to 49.14 kgCOz/m?2.year after the first
renewal proposal. Similar values were obtained as a
result of the second renewal proposal, and it decreased to
50.63 43.09 kgCO2/m?2.year with a 43% gain. While the
CO: emission class is currently F156, it was observed
that it increased to C 98 after the first renewal approach
proposed to raise the energy class above C 99, and to C
99 after the second renewal (Table 10).

Comparing the results of the proposed renewal approach,
it is observed that total energy consumption decreases by
43% in both options, while carbon emission decreases by
44% in the first renewal approach and 43% in the second
renewal approach. While similar savings are achieved in
both evaluation criteria, it is observed that the change in
energy classes after renewal is similar. While the total
energy gain of the insurance houses consisting of 54
blocks is 1,676,026.08 kw/m? for the first renewal
proposal and 1,667,322.90 kW/m2 for the second renewal
proposal, the annual reduction in the amount of CO:
released into the atmosphere is 2,109.78 kg COz/m2.year

per unit area in the first renewal approach and 2,029.32
kg CO./m?.year after the second renewal approach.

Table 11. Renewal Cost Comparison

Roof Wall Cost of Cost of 54 Block Cost
Cost Cost aHouse aBlock
1. 419.136 6,729 % 3.574,84 7.149,68 386.083,15$
Renewal | $ $ $
Proposal
2. 419.136  16.7324 8575,78 17.1515 926.184,58 $
Renewal | $ 3% $ 6%
Proposal

When the cost evaluations of both renovation proposals
are examined, the total cost for the first renovation after
the application of thermal insulation to the building
facade and roof is $7,149.68, while the cost of the stone
coating application in addition to these insulations is
calculated as $13,272.96 (Table 11). In the first
renovation approach, the recommended thermal
insulation thickness is 4 cm in order to achieve the
desired energy level, while the second renovation
proposal including the stone coating application uses 3
cm XPS by decreasing the thermal insulation thickness
by 1 cm in order to obtain the same values. In addition,
in the case of stone coating, the thermal insulation plaster
and paint poses to be applied to the exterior facade are
removed, while the mechanical system cost
recommended for this coating is added.

In addition, the technical features of the thermal
insulation material (XPS) used on the facade were kept
the same, and their thicknesses were changed, and the
energy gains in this case were evaluated. The same
renovation approach was repeated with 6 cm XPS and 8
cm XPS. When the renovation was made with the 6 cm
XPS application, it was observed that the energy class
increased to C 94 and a total energy gain of 46% was
achieved. It was observed that a gain of approximately
49% was achieved in the heating load energy, which has
the largest share in the total energy (Table 12).

When the same process was repeated for 8 cm XPS, the
building energy consumption class was calculated as C
91. While 47% of the total energy was saved, this rate
reached 50% in the amount of energy used for heating.

When the amount of CO. emissions was compared, it was
seen that similar gains were achieved. While the CO:

Table 12. Energy Consumption After Renovation

Per Unit Area (kWh/mz2.year)
The After the Difference  After the Difference  After the Difference After the Difference
current First (%) Second (%) Third (%) Fourth (%)
situation Renewal Renewal Renewal Renewal
Heating 350,04 188,97 -%46 190,35 -%46 179,78 -%49 174,19 -9%50
Sanitary 17,97 17,6 -%2 17,18 -%4 17,39 -%3 17,25 -%4
Hot Water
Cooling 0,14 0,45 + 9221 0,45 + %221 0,41 + %193 0,42 + %200
Lighting 7,52 7,43 -%1 7,32 -%2 6,54 -%9 6,50 -%10
Total 375,61 214,46 -%43 2153 -%43 204,12 -%46 198,36 -%47
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class was calculated as C 94 for the 3rd Renewal
approach, the CO: class increased to C 92 for the 4th
Renewal approach (Table 13).

When the amount of CO. emission of the renovation
approaches is examined, it is determined that the amount
of gain provided increases with the increase in the
thickness of the heat insulation material used. While the
annual amount of CO: released decreased by
approximately 45% from the 3rd renovation approach,
this rate was calculated as 47% from the 4th renovation
approach. Similar rates of gain were achieved in the
amount of CO: released from the energy used for heating
(Table 14).

As a result of the proposed renovation approaches, it has
been determined that by increasing the thickness of the
thermal insulation material used on the building facade,

the building energy class increases and the amount of
energy used by the building decreases (Table 15).

5. FINDING

The district of Avanos was chosen as the study area
because of the long-term requirement of using local
materials in building facade cladding. Avanos, which is
a settlement on the northern and then southern shores of
Kizilirmak, has had problems in creating a settlement
area due to factors such as sloping terrain conditions, the
impact of natural disasters on life, and the abundance of
protected areas. Housing cooperatives, which were
established with the aim of collaborating to produce
solutions to these problems, play an active role in housing
production in the region. The oldest housing cooperative
with available data is Sigorta Evleri. While almost all of
the housing cooperative houses built were in the southern
part of the city where settlement later spread, “Sigorta

Table 13. Energy Consumption After Renovation

The current After the First After the Second After the Third After the Fourth
situation Renewal Renewal Renewal Renewal
Heating F 160 C96 c9o7 c92 Cc89
Sanitary Hot Water D 101 Cc99 c 97 C98 c9o7
Cooling A 29 B 79 B 79 C 82 C83
Lighting G 233 G 233 G 233 G 200 G 200
Total F 156 C98 C98 C94 c9l
Table 14. Energy Consumption After Renovation
Per Unit Area (kgCO:/m*year)
After Differ  Differenc  After Differen  After Differen  After Differen
Renew  ence e (%) Renewal  ce (%) Renewal  ce (%) Renewal  ce (%)
al (%)
Heating 82,04 43,09 -47% 44,62 -46% 42,23 -49% 40,92 -50%
Sanitary 4,22 4,05 -4% 4,03 -5% 4,10 -3% 4,06 -4%
Hot Water
Cooling 0,04 0,13 +225% 0,12 +200% 0,12 +200% 0,12 +200%
Lighting 1,92 1,87 -3% 1,87 -3% 1,86 -3% 1,85 -4%
Total 88,21 49,14  -44% 50,63 -43% 48,30 -45% 46,95 -47%
Table 15. Comparison of Renewal Approaches
The current 1. Renewal 2. Renewal 3. Renewal 4. Renewal
situation Approach Approach Approach Approach
Wall U Value 1,635514 0,489054 0,540389 0,368809 0,296025
Roof U Value 4,000 1,037037 1,037037 1,037037 1,037037
Energy 375,61 214,46 215,30 204,12 198,36
consumption (kWh/m?2.year) (kWh/mz.year) (kWh/mz.year) (kWh/mz.year) (kWh/m?2.year)
Energy Class F 156 C98 C98 C94 coal
CO: Production | 88,21 49,14 50,63 48,30 46,95
(kgCOz/m2.year)  (kgCO2/m?.year) (kgCO2/m?.year) (kgCO2/m?.year) (kgCO2/m?.year)
CO: Class F 160 C 98 C99 C9%4 Cc92
Cost (m#dollar) 28,59 $ 68,60 $
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Evleri” chose the northern part of the river as a settlement
area. Due to these differences, “Sigorta Evleri” was
selected as the study area and the application area.

Energy calculations were made using the architectural
project created with on-site measurements of Sigorta
Evleri and the Bep-BUY program, which is the software
of the Bep-TR application. Two different renovation
approaches were implemented to reduce the energy
consumption value, and while calculating energy saving
rates with these approaches, the effects of stone cladding
applied in Avanos district on cost and energy
consumption were evaluated. According to the data
obtained, the primary energy consumption rate of the
building was 72,327.39 kWh/m? per year, while the
energy consumption per unit area was 375.67
kWh/m2.year. The amount of carbon released while
meeting this energy need was calculated as 88.21
kgCO2/m?.year per unit area. The energy and greenhouse
gas emission class was determined as F156 (Table 16).

As a result of the studies carried out on the system; two
different renovation proposals were made that would
increase the total energy consumption class of the
building above the C 99 level, and the insulation
thicknesses to be used were calculated to provide this
energy level. In the first renovation proposal, the building
energy class could be increased to the C98 level by
applying 4 cm 030 heat permeability coefficient XPS to
the wall surface and 2 cm 035 heat permeability
coefficient stone wool to the roof surface. With the
second proposed renovation approach, no change was
made to the stone layer laid on the roof, while the thermal
insulation material (XPS) applied to the facade was
reduced to 3 cm and it was assumed that stone coating
was applied on it. With this application, the building
energy class reached the C 98 level (Table 16).

With the proposed renovation approaches, the annual
energy consumption value of the building decreased by
43%, reaching an average of 41,370.00 kWh/m2, while
the annual average per unit area was calculated as 215.00
kWh/m?.year. Similarly, CO: emissions decreased by
44%, reaching an annual average of 50.00 kgCO-/m?.year
per unit area (Table 16).

When looking at the individual energy consumption
headings, the highest energy consumption is used for
heating needs, while the lowest energy and carbon
emissions are consumed for cooling needs. Therefore, the
highest energy saving after the renovation occurs in
heating energy. While a 46% decrease in heating energy
is achieved, it is seen that cooling energy increases by
221% in both options (Table 16).

The cost of the renovation approach was calculated as
$7,148,925 per building for the first renovation proposal
and $16,732.43 for the second renovation proposal,
according to current information received from
companies implementing in the market. This cost is
covered by $28,595, $68,606 per m2 and $3,574,462,
$8,575,783 for each residence, respectively (Table 12). It
was observed that the cost of the applied stone coating
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was more than twice as much as the heat insulation
application. One of the biggest factors for this was the
mechanical system proposal. However, it should be kept
in mind that the costs are short-term due to inflation
differences and are constantly updated according to
increasing inflation and changing exchange rates.

Generally speaking, the cost of the proposed thermal
insulation renovation approach for the “Insurance
Houses” consisting of a total of 54 blocks and 108
residences is $386,041.999, the total cost of the
renovation approach including stone cladding application
is $926,184.589, while the total energy gain to be
achieved is determined as an annual average of
1,672,000.00 kW/mz2.

Table 16. Comparison of Renewal Approaches

The current 1.Renewal 2.Renewal
situation Approach Approach
Wall U | 1,635514 0,489054 0,540389
Value
Roof U | 4,000 1,037037 1,037037
Value
Energy 375,61 214,46 215,30
consumptio | (kWh/m2year) (kWh/m2year) (kWh/m2.year
n )
Energy F 156 Cc98 C98
Class
CO: 88,21 49,14 50,63
Production (kgCO2/m2ye  (kgCOz/m2ye  (kgCOz/m?ye
ar) ar) ar)
CO: Class F 160 Cc98 Cc99
Cost 28,59 $ 68,60 $
(m2/dollar)

Within the scope of the section, the current status of the
houses was evaluated and renovation suggestions were
made in the light of the legislation. Energy gains and cost
calculations of the energy efficient renovation of these
houses were made. In addition, the cost of using local
materials and its effect on energy were revealed. As a
result, 44% savings were achieved in energy and
greenhouse gas emissions.

5.1. Discussion and Result

Considering that the energy problem is increasing day by
day, the amount of energy consumed by existing
buildings is too high to be ignored [27]. The energy gain
that can be achieved by energy efficient retrofitting of
buildings constructed with traditional methods and in a
time period when there are no legal obligations has been
the subject of many studies in the literature.

Buildings that have a high share in energy consumption
and are constructed with traditional methods, especially
in periods when energy consumption is not limited by
legislation, have much higher energy consumption rates.
Considering the current building stock, reducing energy
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consumption with energy-efficient renovation becomes
important [28]. Considering that energy consumption is
intense at all hours of the day in residences, which
account for one-third of energy consumption in our
country, the renovations to be implemented will be
effective in energy saving [29]. For this reason, energy-
efficient renovation of existing residences and
improvement of comfort conditions have been deemed
important.

Within the scope of the Bep-TR application initiated
under the control of Ministry of Environment,
Urbanization and Climate Change in our country, as of
2011, the energy consumption values of all newly
constructed buildings have been limited and the
classification of energy consumption values has become
mandatory for existing buildings. The Bep-TR
certification calculation system has developed mandatory
standards for heating, cooling, lighting and ventilation
systems for new buildings [30].

Energy consumption is considered important in existing
housing units built before 2000, when the legislation on
energy efficiency had not yet developed and played an
active role in energy consumption. Almost one third of
the existing housing stock in our country was built
between 1980 and 2000. During this period, housing
cooperatives, which were mostly formed by low-income
people, had a large share in order to provide the housing
needed. Especially after 1980, due to their effectiveness
reaching 40% in housing production, it was deemed
essential to determine the energy consumption of housing
units produced by housing cooperatives, the renovation
approaches to be made for energy improvements and the
costs of these approaches for users.

In this context; the energy consumption values of
Building Society Houses, which is a housing construction
cooperative product in Avanos and consists of 54 blocks
and 108 housing units, were examined. The current
energy consumption values of the housing blocks were
calculated with the Bep-BUY software. Renewal
approaches were made to reduce the energy consumption
values of the current situation and to meet legal
obligations. It was observed that approximately 44%
energy and 43% carbon emission gains were achieved
with the renewals. In the stone coating application on the
facade, the thickness of the thermal insulation material
was reduced to obtain similar data. While the amounts of
gain in carbon emission were similar, it was observed that
the greenhouse gas emission classes were C98 in the first
proposal and C99 in the second renewal proposal.

The recommended thermal conductivity coefficient-U
values for the 3rd Region, where the study area is located,
are specified as 0.50 for the wall and 0.30 for the roof in
the BEP regulation for the wall and roof layers where the
renovations are made. While the renewal result U value
recommended for the roof within the scope of the study
is 1.037037, the wall U value as a result of the first
renewal approach is 0.489054, and the wall U value as a
result of the second renewal approach is 0.540389. Even
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if the recommended values are not met, the total energy
class of the building is C99.

With the renovations, the highest gain was achieved in
heating energy with a 46% decrease in both options.
When the ratio of the heating load to the total energy is
examined, it is seen that the gains obtained from heating
energy are similar to the gains obtained from the total
energy consumption of the building. Therefore,
improvements in the heating load directly affect the
building energy class. In line with the obtained data, it
can be concluded that the thermal insulation applied to
the building directly affects the natural gas consumption
and the bills will decrease at the same rates. The same
results were obtained in the second renovation proposal,
the stone cladding option. The stone cladding application
reveals that the reduction in the thermal insulation
thickness used on the external wall is effective in meeting
the thermal insulation function of the stone cladding.

The energy gain amounts obtained were calculated
according to the renovation proposals prepared based on
the energy level required for new buildings. The gains
that can be obtained from the consumed energy will be
much greater by increasing the thickness of the insulation
materials used, replacing the lighting elements with
energy-saving lighting elements, and using renewable
energy sources.

When the costs of the energy gains obtained are
examined, calculated with the current prices taken from
the market, it is seen that the initial investment cost of the
stone coating application is higher. The biggest factor in
this is the selection of the mechanical system as the
application system. It is thought that the cost will be
reduced by selecting the adhesive system instead of this
system. In addition, the natural stone material hardens as
it is exposed to water and becomes more resistant to
regional weather conditions. Its high resistance to
abrasion, breakage and impacts also provides longer-
term protection on the exterior. Thus, although the initial
investment cost of the stone coating application is high,
the maintenance and repair cost will be much lower than
the cladding application. Since it will pay back the cost it
creates for the users in the process, it is thought that stone
coating is more suitable for the use of local materials, the
protection of the urban texture and sustainability.

In addition to the 4 cm insulation material, the technical
specifications of the thermal insulation material (XPS)
used on the facade were kept the same and their
thicknesses were changed, and the energy gains in this
case were evaluated. The same renovation approach was
repeated with 6 cm XPS and 8 cm XPS. When the
renovation was made with the 6 cm XPS application, the
energy class increased to C 94 and it was observed that
46% of the total energy was saved. In the 8 cm XPS, the
building energy consumption class was calculated as C
91. While 47% of the total energy was saved, this rate
reached 50% in the amount of energy used for heating.
When the amount of CO: emission of the renovation
approaches was examined, it was determined that the
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amount of gain provided increased with the increase in
the thickness of the thermal insulation material used. As
a result of the proposed renovation approaches, it was
observed that the building energy class increased and the
amount of energy used by the building decreased by
increasing the thickness of the thermal insulation
material used on the facade.

Avanos, located in the Central Anatolia Region, has a
continental climate. Summers are hot and dry, and
winters are cold and harsh. The city's annual average
temperature is 10.6°C [30]. As in regions where the
continental climate prevails, the temperature difference
between day and night is high in Avanos. Since the
temperature felt in the shade is lower than the sensible
temperature, mechanical cooling is not used in the region.
For this reason, a mechanical cooling system was not
selected within the scope of the study and was excluded
from the system.

Within the scope of the study, the energy gains and the
reduction in CO2 emissions that would be achieved if the
minimum C energy class application, which is mandatory
for newly constructed buildings, was implemented
especially in buildings built with traditional methods
before 2000, and the cost of this for the users were
revealed. In addition, the costs and benefits of using local
and natural materials, which are considered important in
terms of sustainability and ecology, were evaluated.
Considering the existing housing stock, especially those
built by housing construction cooperatives, it was aimed
for this study to be an example for the improvements that
can be made and the studies in the field. In this direction,
suggestions were developed for local governments,
designers, construction cooperatives, producers and
users.

Thermal insulation makes the indoor temperature of the
building more balanced. This ensures that the interior
remains cooler, especially in summer, thanks to
insulation. Lighting fixtures (especially old-style ones)
emit heat while operating. This reduces the indirect
energy consumption related to lighting in total. The BEP-
TR application evaluates the lighting load together with
the indoor heat balance. Thermal insulation does not
directly affect the lighting energy, but indirectly affects
the energy performance and ambient temperature. This
explains the reduction in the energy requirement of
lighting systems.

Since the insulation was made outside the building, the
condensation was released outside the building.
Considering the vapor permeability properties of the
materials used, it was predicted that this condensation
amount was quite low and was excluded from the scope
of the study.

Avanos is located in the 3rd earthquake zone in Turkey.
Nevsehir and its region are among the provinces with the
lowest earthquake risk within the borders of Turkey
(Yildirim, 2003; Bulhaz and Ugurlu, 2021). Earthquake
is an important phenomenon in our country. Although the
province where the study was conducted is located in the
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3rd degree earthquake zone, this issue is a subject that
needs to be examined in detail in another study. In this
context, a new dimension can be added to the literature
by including earthquake-related data in other studies to
be conducted. In addition, it was deemed important to
conduct condensation studies in addition to this study.
The condensation issue will be addressed in different
studies.
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