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Abstract

High energy consumption in regions with harsh climatic conditions makes it difficult to reach energy consumption targets. This study
considers design decisions affecting energy consumption for cold climate regions; the position of the building, its orientation, building
envelope elements and building materials were examined. In line with these decisions, a field study was conducted by researching the
energy-efficient renovation of existing social housing structures in cold climate regions. For the field study, social housing in Erzurum
was selected, and the current heating energy consumption of the building was simulated using the Design Builder program.
By creating energy-efficient renewal scenarios that can be economically and physically enacted, the U-values and thicknesses of
the building envelope elements were changed, and 14 renewal simulations were carried out for five scenarios. The effects of each
renovation scenario on the current heating energy consumption were examined, and the results were compared. With the most
efficient replacement scenario, it was observed that the heating energy consumption decreased by an average of 31%. The data

obtained informed decisions for building envelope element selection within the scope of energy-efficient renewal studies in cold

climate regions and their impact on energy consumption.
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1 Introduction

Today, energy is a critical input of the economy and a com-
pass for world political policy, although it first entered the
world agenda with the energy crisis in 1973 (EIA, 2013).
The concept of reducing energy consumption and improv-
ing energy efficiency is a worldwide issue that needs to be
continually addressed.

Between 1971 and 2017, total primary world energy
demand (TPES) increased more than 2.5 times (from
5,519 Mtoe to 13,972 Mtoe) (IEA, 2019b). Among the
regions with the highest demand in 1971-2018, the
Organization for Economic Cooperation and Development
(OECD) and non-OECD Asia stand out. Most of the OECD
countries are located in the cold climate areas.

According to OECD data, when the change in energy
consumption values according to sectors between 1990-
2017 is examined, the transportation and building sectors
have constantly increased and remained in the same band

since 2015 (IEA, 2019b). According to the 2017 IEA data,
the transportation sector constituted the highest share
of consumption at 36%. Following transportation is the
manufacturing industry at 23% and the housing sector at
20% (IEA, 2019a). At EU level, residential buildings con-
sume about two-thirds of the building energy. In countries
with cold climates, such as Denmark, Latvia, Poland, and
Austria, energy use of residences is over 70% and even
reaches 80% in Romania (Gynther et al., 2015), making
it increasingly significant in countries with cold climates.

When the energy consumption in EU residences is
examined, overall, the energy consumed for space heat-
ing has decreased by 0.7% per year from 2000 to 2017,
based on 2017 data. While the rate of space heating in
energy consumption was 71% in 2000, it decreased to
67% in 2017. However, this value is still very high. Based
on the same climate, heating consumption of residential
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buildings is the highest in countries such as Luxembourg,
Belgium, Italy, Hungary, and France. Compared to the
European average, regions with colder climates consume
more energy. Despite advances in using more efficient
devices in building design and construction, the over-
all energy demand in residences continues to increase
(Odyssee-Mure, 2021b).

Energy efficiency in Europe increased by 1.2% between
2000 and 2017. There has been a slowdown in energy
efficiency growth since 2010 (Odyssee-Mure, 2021a).
According to IEA data, energy consumed for space heat-
ing within the scope of energy efficient improvements.
In EU countries, it has decreased significantly, mostly due
to better insulation of buildings, renovation of old build-
ings and improvements in heating equipment. For exam-
ple, France, Germany, and the United Kingdom have
reduced energy consumption for space heating by over
30% since 2000 (IEA, 2019a). The IEA's Efficient World
Scenario (EWS) shows that in 2040 average energy use
will decrease by 1.3% from current levels (IEA, 2018).
Although an increase in population and energy demand
is expected in 2040, consumption is predicted to remain
stagnant due to the high energy efficiency potential.

The main goal of this research, within the framework of
the investigations carried out, is to examine the energy-ef-
ficient renewal of existing social housing structures in
cold climate zones in terms of building envelope elements
and the effects on energy consumption. Consequently,
the energy consumed for space heating in residences was
investigated; renovated social housing examples in Central
Europe and Northern European regions were examined,
and the results of this examination were compared with
the social housing structure for which energy analysis
and improvement scenarios were made using the Design
Builder simulation program. This research provides a per-
spective for the energy-efficient renewal of a building in
cold climatic regions, aiding decision-makers and plan-
ners of the renovation process.

The energy performance analysis of a TOKI social hous-
ing structure in the Narman district of Erzurum province,
which was completed in 2016, was used for the research.
The building envelope elements, their U-values and the
HVAC system elements of the building were used with the
Design Builder program for the energy simulation.

The building was modelled using Design Builder
and from the building shell elements; existing parame-
ters in the program analysis such as insulation thickness,
U-values, thermal conductivity value, HVAC system of
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shell elements such as walls, doors/windows, roof, founda-
tion/floor were used and simulated in terms of energy per-
formance. Later, this model was simulated again following
changes made in the building envelope elements. The study
was completed with an evaluation of the energy values.

2 Energy consumption and energy-efficient renewal

of social housing structures in Europe's cold climate
regions

Cold climate regions undoubtedly have higher energy con-
sumption compared to other areas. Due to the wide range
of temperature differences between the indoor and outdoor
environments in these regions, trying to provide indoor com-
fort makes an inevitable increase in energy consumption,
and the importance of greater energy efficiency. The amount
of energy consumed by a building is related to the climate
zone in which the building is located, its use, the thermal
comfort conditions envisaged by the users (indoor tempera-
ture, lighting), the building envelope (structural elements
that separate the heated interior from the unheated exterior;
foundation, roof, walls, doors and windows) (Manioglu and
Yilmaz, 2006), and the properties of the building envelope.
In energy terms, the quality of the envelope is mainly deter-
mined by the thickness of the insulation material and the
orientation, size, and type of the windows (sun protection,
glass type) and other environmental and physical factors of
the building (Richarz and Schulz, 2013).

During the life cycle of a building, 80 to 85% of the
total energy consumption occurs during the usage phase
(Sharma et al., 2011). This includes the energy costs of
building heating, cooling, ventilation, lighting, equip-
ment operation, water supply, water heating and wastewa-
ter treatment (Scheuer et al., 2003). Fig. 1 illustrates the
approximately 50% heating losses in residential buildings
through the walls, foundations and roof (U.S. Department
of Energy, 2015). The design criteria that affect the build-
ing's energy saving and indoor comfort conditions are
the optical and thermophysical properties of the building
envelope elements, the orientation and shape.

Within the design criteria, the heat transfer coeffi-
cient (U-value) allows us to measure energy performance.
The U-value determines the heat loss per unit area of the
components of the building envelope (Pacheco et al., 2012).

The wall is the largest and most important element in con-
tact with the external environment. It should be high per-
forming and well-insulated (Dehlin et al., 2018). The eco-
nomic optimum for exterior wall and roof insulation is
typically around 24 c¢m, assuming a thermal conductivity
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Fig. 1 Heat flow in uninsulated buildings in a cold climate (adapted from CCS, 2015, cited in El-Darwish and Gomaa, 2017:p.581)

of 0.036 W/m?K. Insulation thickness of 32 cm are equally
cost-effective, resulting in more significant energy savings
(IPHA, 2014). Fibrous materials like glass wool, rock wool
and rigid foams such as polystyrene-based XPS and EPS
are generally used as insulation materials.

For a material to be considered a thermal insulation
material, the thermal conductivity coefficient (1) must be
less than 0.065 W/m?K according to ISO and CEN stan-
dards (Yaman et al., 2015). The lower the thermal con-
ductivity value (u) of an insulation material, the higher its
resistance to heat transmission.

The windows, the transparent components of the build-
ing envelope, have many functions, such as providing day-
light, ventilation, and heat flow to the building. Heat flow
depends on the season, the type of building and the per-
formance of the building (El-Darwish and Gomaa, 2017).
Windows are considered the weakest part of the building
envelope, and 10-20% of all heat loss in a standard resi-
dence occurs through windows (Roos and Karlsson, 1994).
That's why window design should be considered in terms
of performance, heat transfer, thermal comfort, light
transmission, and appearance (Chaiyapinunt et al., 2005).

Windows are evaluated regarding frame and glass ratio;
frames constitute 30-40% of windows. However, because
the thermal performance of the glass is better than the
frame, smaller frame areas are preferred. Thus, the higher
glass aspect ratio allows for higher solar gains. In cold
climates, highly insulated frames and triple glazing are
required which refers to U-values of less than 0.85 W/m?K
for an installed window (IPHA, 2014). In addition to high
insulation and triple glazing, low-e coatings improve effi-
ciency in preventing heat loss (Lechner, 2015). Low-e coat-
ings can control 70% of the heat escape, improving the
insulation value by 36% compared to insulating glass with
a 12 mm gap (Bektas and Aksoy, 2005). In addition to the

U-values, their apparent transmittance and solar heat gain
should be considered (Rodriguez-Urbinas et al., 2014).

It is surprising that there are still poorly insulated dou-
ble-glazed or even single-glazed windows in many parts
of the world, posing significant energy consumption prob-
lems, especially for cold climatic regions. The thermal
performance of the frames used in windows is as import-
ant as the U-value of the glass. Windows with wooden
frames have a lower U-value than windows with alumin-
ium and plastic frames, providing savings between 1% and
18%. triple-glazed airtight windows with wooden frames
are the most efficient solutions for cold climate regions
(Bektas and Aksoy, 2005).

Examples from European countries with cold climate
type is examined in this part of the study. Building fea-
tures such as building envelope clements, U-values,
changes made, building identity information, and energy
consumption values of the samples were evaluated.
Koniklecova social housing, one of the important build-
ings, is explained in more detail (Table I).

Koniklecova social housing flat blocks are a typical 80s
structure built using reinforced concrete panels. There is
a basement in the building (Sedlak et al., 2015). It has been
renovated with a low-energy building concept. The main
goals included increasing the indoor comfort conditions,
reducing the energy consumption of the building and gen-
eral modernization of the building. Information of the
building is given in Table 1.

Kapfenberg social housing was a typical building from

the 1960s made of prefabricated sandwich concrete ele-
ments without additional insulation. The energy concept
is built on insulation, mechanical ventilation, solar energy
and PV system (Hofler et al., 2014; Romano et al., 2022)
(changes in building envelope and energy consumption
values are given in Tables 2 and 3).
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Table 1 Building information of Koniklecova social housing sample

Building credentials

Plan and photo

Production year / Place

Land condition

Building orientation

Number of floors / Number of dwellings

Number of buildings / Settlements

Renovation year / Architect

Annual energy requirement

1983 / Brno-Novy Liskovec

Gently sloping terrain

North-South

12 floors / 60 dwellings

1 blocks

2009-2010 / MENHIR Project

466.50 MJ/m?a (129.58 kWh)

Table 2 Renovation studies of European examples (Almeida and Ferreira, 2017; Hastings, 2010; Herkel and Kagerer, 2011; Hofler et al., 2014;

Kaufmann et al., 2010; Romano et al., 2022)

R . . U-value W/m?K TR-U-value W/m?K Total thickness
enovation works
Before After Cold climate region Before After
é 2 o Wall 0.78-0.80 0.17-0.24 0.19 26-33 46.53
s S .2
§ % § % Window / Door 1.20-5.65 1.05-1.70 1.10 - triple glass
= =
g é = g Ground flooring 1.13 0.33 0.28 - +14 cm
S © 5
S % ° Roof 0.50 0.15 0.13 concrete + 12 cm concrete+ 24 cm EPS
o0 Wall 0.87 0.17 0.19 24.5 64.5
po =
8 ..°é § é Window / Door 2.50 0.90 1.10 double glass triple glass
= 5 <=
ﬁ Q%E g Ground flooring 0.39 0.30 0.28 14 27
2R
. Roof 0.74 0.10 0.13 20 55
-~ 2 Wall 1.32 0.17 0.19 26.3 473
25 E
ER: S Window / Door 1.62 1.62 1.10 - -
5 =
£ £ Ground flooring 227 0.20 0.28 16 26
538
< Roof 0.32 0.15 0.13 27 42.6
) Wall 1.78 0.41 0.19 19 29
g B
g é z %;; Window / Door 5.10 1.19 1.10 - double glass
— =
éoé = % Ground flooring 6.66 0.26 0.28 19 38
Q
=}
” Roof 0.77 0.28 0.13 17 33

Staufen social housing, from 1967, suffered from mould comfort, and retirement income from the photovoltaic roof

and thermal bridges. The main

goals of the renovation (Hastings and Enz, 2007) (changes in building envelope and

are a sustainable and energy-efficient building, improved energy consumption values are given in Tables 2 and 3).
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Table 3 Energy consumption data of European samples (Almeida and Ferreira, 2017; Hastings, 2010; Herkel and Kagerer, 2011; Hofler et al., 2014;
Kaufmann et al., 2010; Romano et al., 2022)

Energy consumption (kWh)

Before renewal

After renovation Recovery %

Czech Republic- Koniklecova social housing example

Austria-Kapfenberg social housing example
Switzerland-Staufen social housing example

Belgium-Wezembeek social housing example

129.58 kWh/m*-year
146.5 kWh/m*year

154 kWh/m*-year
heating-+hot water

150 mWh/year

50.71 kWh/m*year
46.5 kWh/m?-year

78.87 kWh/m?*-year
100 kWh/m?-year

54 kWh/year
heating+hot water

100 kWh/m*year
heating-+hot water

75 mWh/year 75 mWh/year

Wezembeek social housing, part of the Ban Eik garden

city project, was the winning design of an architectural
competition in 1959. After 30 years, the apartment blocks
were dilapidated and became obsolete. They were built
from cheap construction materials and were poorly main-
tained. The blocks were a problem "hotspot". Energy loss
was minimized with insulation, heat recovery and thermal
bridge alleviation. This was complemented with solar col-
lectors and PV panels (Herkel and Kagerer, 2011) (changes
in building envelope and energy consumption values are
given in Tables 2 and 3).

A compact form with a rectangular plan was preferred.
The land is slightly inclined, and the structure is positioned
on the southern slope. It is known that before the renova-
tion, the walls consisted of 60 mm EPS and 200-270 mm
reinforced concrete panels, and the U-value was between
0.78—0.80 W/m?K. It has a flat roof consisting of slabs and
was insulated with 120 mm mineral wool before refur-
bishment. The doors/windows in the building are single
or double-glazed and are inadequate, especially air tight-
ness. Considering the consumption values, the building
consumes the most energy for the heating of the building.

Regarding the heating, ventilation, cooling and lighting
systems before the renovation, heating is supplied from
a nearby district heating facility connected to the central
heat exchanger. There is no cooling installed in the struc-
ture. The building is mainly ventilated by natural venti-
lation. There are ventilation shafts in the kitchen, toilet
and bathrooms, exhausting to the roof. Manually control-
lable light bulbs and fluorescents were used in the building
(Sponar, 2011; Sedlak et al., 2015).

Improvements to Koniklecova 4 social housing
included additional thermal insulation using expanded
(EPS) or extruded (XPS) polystyrene or mineral wool
installed on the outer walls, ground floor and roof.
The roof was converted from a cold roof (ventilated
with an air gap) to a warm roof (air gap not ventilated).
In addition, the roof was waterproofed with a new bitu-
minous membrane. All wooden and metal doors/win-
dows in the building's envelope have been replaced, and

the new doors/windows feature triple-glazed aluminium
or plastic frames. The counterflow heating system on the
ground floor of the building was used for heating, and
radiators were installed throughout the building. During
the renovation, the measuring and regulating equipment
was changed. Existing shafts in the ventilation system
have been preserved, and noise silencers and outlets on
the roof have been replaced. The fans in the kitchen, toi-
let and bathroom and the roads connecting them to the
central channels have been changed. With the modified
system, they can be operated manually by the occupants
(Hofler et al., 2014; Sponar, 2011; Sedlak et al., 2015).

More than 20% of energy savings were achieved by
replacing the thermal heating and hot water system (DHW).
The total energy consumption was 466.50 MJ/m?a, with
350.03 MJ/m?a for heating energy before renewal. After
the renewal, 89.62 MJ/m?a of energy is used up for heat-
ing, while the total consumption is 182.56 MJ/m?a. With
the renewals and the replacement of the DHW system,
energy consumption was decreased by 60.9%.

When the improvements made in Northern Europe and
Central Europe examples were examined, it was observed
that renovations were made on the building envelope ele-
ments of the buildings in general (using materials with low
U-value), HVAC systems were renewed, and significant
savings were achieved as a result of these renovations.
With the renovation of the Austria- Kapfenberg social
housing sample, 68%, Germany- BIG Heimbau housing
sample, 62%, Switzerland-Staufen housing sample, 65%,
and with the Belgium-Wezembeek housing sample, 50%
savings were achieved. These data demonstrate the ben-
efits resulting from energy-efficient renewal/remediation.

3 Materials and method

In regions with cold climates, specific climate data shape
architectural designs. These data are specific events
directly affecting human life, such as low-temperature
averages, frost and ice events, high rate of snowfall, and
strong winds. The difficulties created by the cold cli-
mate present specific parameters for building design and



building processes. In terms of parameters examined in
the literature section of the study, a TOKI (Turkish Social
Housing Administration) residence in Erzurum, one of
the coldest provinces in Turkey, was analyzed. Mainly
since 2003, TOKI's investments in the mass production
of residential buildings, which have been responsible
for rapidly meeting the housing demand, have played an
important role in the improvement of the energy efficiency
level of the construction sector in Turkey (Mangan and
Oral, 2014). Therefore, energy-efficient improvement/pro-
duction of TOKI houses is significant.

The building whose detailed information is listed in
Table 4 is in Narman district of Erzurum province and was
built with a tunnel formwork system. The social housing
structure was completed in 2016 and consists of five blocks
and one mosque. While positioning the buildings, the dis-
tances between them (min. 15 m) were considered, and they
were placed so that they do not block each other's daylight.
There are 120 residences in total in this social housing struc-
ture. In the block examined within the scope of this study,
there are 24 2+1 residences, four on each floor. The block
marked in the chart below was selected and analyzed.

There are two types of housing in this social housing
structure, one of the TOKI type projects, Bl type and C
type. Since four blocks are Bl type and one block is C
type, the block type chosen for analysis is Bl. The square
plan, a compact typology, was used as the building form.
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The width and length of the building are approximately
20 meters, and its height is 22 meters. Each residence has
a gross area of 75 m2

The type of each material used in the project imple-
mented by TOKI was defined with detailed project and
technical specifications.

Walls (from inside to outside): Plastic paint + satin plas-
ter coating + interior plaster + brick wall + exterior plaster
+ heat insulation (EPS) + silicone-added acrylic exterior
paint. The total thickness is 31 cm. The inner walls are
20 cm reinforced concrete, a structure made with a tunnel
formwork system.

Windows/Doors: double glazed windows of 140 cm/
130 cm have been fitted, with floor hall windows of
90 ¢cm/130 cm in size. The same type of windows was
used systematically in the building. There is a lobby at the
entrance, and the building is entered through two alumi-
num doors: 260 cm/277 cm.

Roof: The building has a hipped roof due to snowfall
and snow load. Roof (from top to bottom): It consists of
0.70 mm trapezoidal sheet + thin membrane + wooden
seated roof + glass wool thermal insulation + reinforced
concrete flooring + satin plaster + top coat decorative paint.

Foundation slab (from top to bottom): Mosaic tiles
+ levelling layer + foundation concrete + 5 cm of lean con-
crete + 2 layers of waterproofing + 10 cm of lean con-
crete + compacted soil which results in a total of 75 cm of

Table 4 Building identity information of Erzurum social housing sample (TOKI)

Building credentials

Plan and photo

Production year / Place 2016 / Narman

Flat land

Land condition

Building orientation North-South-East-West

Number of floors / Number of houses 5 floors / 120 houses (24)
Number of buildings / Settlements 5 blocks / Separated order
-/ TOKI

Renovation year / Architect

Annual energy requirement 26,000 kWh (average value)
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thickness. Floor coverings (from top to bottom): laminate
flooring + screed + levelling layer + reinforced concrete
flooring + satin plaster coating + top coat decorative paint,
with a total thickness of 25 cm.

In the research, the building envelope elements of the
selected building, the U-values of these elements and the
HVAC system elements of the building were used, and
energy simulation was made with the Design Builder pro-
gram. Building modelling was done in the Design Builder
program with the building envelope elements. Factors
existing in the program analysis, such as insulation thick-
ness, U-values, thermal conductivity value, HVAC system
of envelope elements such as walls, doors/windows, roof,
and foundation/floor, were used and simulated in terms
of energy performance. Later, this model was simulated
again by making changes to the building envelope ele-
ments and HVAC system elements, and the analysis was
made on the energy values. The steps followed during
the simulation were as follows; The "As Built" data of
the building was transferred to the program, defining the
assumptions in the program and determining the energy
consumption by starting the simulation. In Design Builder
program, the simulation of the structure and the definition
of the assumptions developed as follows:

* Design Builder program uses climate data in simula-
tion in accordance with ASHRAE standards. Since
the climate data of the Erzurum region is not avail-
able in the program, according to the Koppen cli-
mate classification, the climate data of the Stockholm
region, which is included in the Dfb classification and
the same climate category, were used for Erzurum.

e The building envelope elements of the existing
building were defined separately for each space in
the program. The building envelope elements not
included in the program are material layers created
and defined by entering their thickness and technical
information into the program.

* For modelling energy consumption within the scope
of the study, it was assumed that four people live in
a house in the social housing structure in Erzurum.

e Within the scope of the program, the hipped roof
form was evaluated over the form assigned by the
program, and since there are no roof space parame-
ters, the roof slab has been evaluated and simulated.

» Since the building is in a cold climate zone, there is
no cooling system. As a result of the examinations
made in the literature, since the amount of energy
consumed for space heating constitutes the largest
share for cold climate regions, the energy used for

space heating in terms of building envelope elements
was evaluated within the scope of this simulation
and the use of cooling, lighting, and electrical appli-
ances was ignored.

* The central system for heating all the spaces in the
building (except the basement and halls) was pro-
vided with a hot water radiator system, and natural
gas is used as fuel. There is no mechanical ventila-
tion in the building. It is assumed that there is nat-
ural ventilation for each space (except the corridor),
and central ventilation is activated when the building
temperature rises above +24 °C.

* According to the Design Builder template, the indoor
temperature value used is 21 °C for the living area
and 18 °C for other areas such as rooms, halls, and
bathrooms. The metabolic factor for each place was
defined as 0.90.

After transferring data such as climate data, appli-
cation project data, and user profiles to the program,
a building model was created and simulated in terms of
the heating load.

As can be seen in the normal floor plan (Fig. 2), the
spaces for each floor have been determined and the neces-
sary data has been entered into the program. The calcula-
tion of the heating load as a result of the data entered into
the program, and the simulation results are given in Fig. 3.

When the heat losses of the current situation are exam-
ined, the heat lost from the walls is 36.12 kWh/m?*year,
from the windows 7.86 kWh/m?-year, and from the roof is
3.47 kWh/m?*year. The energy consumed by the building
for space heating is shown in Fig. 4.

<Activity not set> balcony balcony
TM59_2-BedLivingKitchen
Domestic Bedroor|
TM59 Girculationdleas
Commoh circulation) areas  living reom living room
Domest|c Bathroor
Domest|c Tétet | room
corridor p—
I_ WC I e LJ
oo throor bathroop  foom
vertical
circulation floor hall
. bathroorh bativool N
r WC I I e _l
corridor S
room oo
% é living room living room
balcony balcony

Fig. 2 Design Builder simulation plan of Erzurum sample
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Air Temperature (°C) 17,94
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Glazing (kW) -7,86
Walls (kW) 36,12
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Ground Floors (kW) 0,51
Partitions (int) (kW) -664
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External Infiltration (kW) -34 56
Zone Sensible Heating (kW) 89,53

Fig. 3 Current heating design of the Erzurum example
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Fig. 4 The energy consumed for the current space heating of the

Erzurum example

The floors with the highest energy consumption are the
ground floor (the ground floor is unheated), the 5% floor,
and the top floor. The total annual heating energy con-
sumption of the building is 111.92 kWh/m?-year.

4 Findings and evaluation

Within the scope of the study, the improvement scenarios
of Bl type TOKI housing were to reduce the energy con-
sumed for space heating. These scenarios were handled

Eretal. | »] 27
Period. Polytech. Arch., 54(2), pp. 120-132, 2023

through the building envelope elements and evaluated
in the five categories listed below:
» Improvement of external walls (S1, SIA, S1B, S1C),
» Improvement of windows (S2),
* Improvement of roofing (S3, S3A, S3B, S3C),
* Foundation/Ground improvement (S4, S4A, S4B,
S4C),
* Improvement of SIC-S2-S3C-S4C scenarios as
a whole (S5).

When examining the scenarios carried out for the
improvement of external walls, it can be seen that 5 cm
EPS is currently used as external wall insulation. Instead
of 5 cm EPS, 10 cm stone wool was used for S1 scenario,
20 cm stone wool was used for SIA scenario, 30 cm stone
wool was used for S1B scenario and 40 cm stone wool was
used for S1C scenario. The results are given in Table 5.

In the results given in Table 5, the values on the heating
energy consumption of the scenarios were examined, and
it was shown that S1, S1A, SIB, S1C improved by 10.52%,
17.16%, 19.67%, and 21.08% respectively.

In the scenario realized for the improvement of the
windows, instead of the 4+12+4 double-glazed PVC frame
windows in the current situation, S2 scenario and tri-
ple-glazed PVC frames windows with heat control coating
(Low-E) were used.

Table 6 analyses the data on the heating energy con-
sumption of the S2 scenario. This analysis shows that
an improvement of 5.01% was achieved by saving
5.61 kWh/m?year of energy in total.

In the scenarios carried out for the improvement of the
roof flooring, which is the 3™ type scenario, instead of the
5 c¢m glass wool in the current situation, 10 cm stone wool
for S3 scenario, 20 cm stone wool for S3A scenario, 30 cm
stone wool for S3B scenario, 40 cm stone wool for S3C
scenario which all were carried out using stone wool.

Table 5 Analysis of S1, SI1A, S1B, S1C scenarios

Improvement of exterior walls Material used Heat loss Total heating load Recovery percentage (%)
Current situation 5cm EPS 36.12 kWh/m*year 111.920 -

S1 scenario 10 cm rock wool 26.88 kWh/m*year 100.14 10.52

S1A scenario 20 cm rock wool 21.09 kWh/m*yea