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Editorial

The building sector is at the forefront of the
global fight against climate change, playing a
pivotal role in decarbonization and the
transition to renewable energy. Zero Energy

Prof. Dr. Ziya Sogut

Buildings (ZEBs) are a cornerstone of this transformation, offering innovative solutions like
heat recovery systems, phase-change materials, and renewable energy integration to create
sustainable, carbon-neutral spaces.

ZeroBuild Journal is dedicated to advancing these efforts by sharing cutting-edge research
and strategies that inspire change—from individual buildings to entire cities. By fostering
collaboration between scientists, policymakers, and industry leaders, we aim to drive the
innovation needed for a sustainable, high-quality future.

Join us as we continue to shape the future of the building and energy sectors.

January, 2025

Editorden

Yapr sektorii, kiiresel iklim degisikligiyle miicadelede on saflarda yer alarak karbon
salimiminin azaltilmasinda ve yenilenebilir enerjiye gegiste kritik bir rol oynamaktadir. Sifir
Enerji Binalar (SEB), bu doniisiimiin temel tagidir ve 1s1 geri kazanim sistemleri, faz degisim
malzemeleri ve yenilenebilir enerji entegrasyonu gibi yenilik¢i ¢Ozlimler sunarak
stirdiiriilebilir, karbon nétr yasam alanlari yaratir.

ZeroBuild Journal, bireysel binalardan tiim sehirlere kadar uzanan bu c¢alismalari
desteklemek i¢in en son arastirmalar1 ve stratejileri paylasmaya adanmistir. Bilim insanlarini,
politika yapicilar1 ve sektor liderlerini bir araya getirerek, siirdiiriilebilir ve yiiksek yasam
kalitesine sahip bir gelecege ilham vermeyi amagliyoruz.

Yap1 ve enerji sektorlerinin gelecegini birlikte sekillendirmeye devam edelim.

Ocak, 2025
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Pencere-Duvar Oranminin Binalardaki Enerji Performansina Etkisi: Farkh
Cam Sistemleri ve Iklim Bélgelerine gore Karsilasirmal Analiz

Muhammet Emin Soyhan * Mehmet Yesilagag

Yalova Universitesi, Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, 77200 Yalova Tiirkiye
*Sorumlu Yazar: muhammed.2512gs@gmail.com

One Cikanlar:

e %100 cam cephelerde, 55,6 W/m?*'ye kadar fazla 1s1 kayb1 hesaplanmistir.

e Cam oraninin %20 artirtlmas1 durumunda: Sicak bolgelerde 1s1 kayb1 en az %19,5
oraninda artarken, Soguk bolgelerde bu oran %122'ye kadar yiikselmistir.

e Cam oranini artirmak yapay aydinlatmaya olan ihtiyaci azaltirken, sicak iklimlerde
asir1 1sinma ve soguk iklimlerde 1s1 kaybin1 artirma riski olusturur.

Gelis Tarihi: 29.12.2024 Kabul Tarihi: 25.01.2025  Doi: 10.5281/zenodo.14755364

Amac:

Bu calisma, pencere-duvar oraninin binalarin enerji verimliligi iizerindeki etkilerini ele
almaktadir. Calisma, Tiirkiye’deki derece-giin boélgeleri ve farkli cam tiirleri g6z Oniine
yapilan analizlerle, pencere/duvar oraninin artisinin 1s1 kayiplarina etkisini incelemeyi
amaclamaktadir.

Metot:

(Calismada, pencere-duvar oraninin %0’dan %100’e kadar degisimine gore Tiirkiye’deki dort
farkl1 derece-giin bolgesi i¢in, piyasada en ¢ok satilan 5 farkli cam tiiriiniin (standart ¢ift cam,
argon dolgulu ¢ift cam, iiclii cam, kaplamali ¢ift cam, kaplamali argon dolgulu ¢ift cam) 1s1
kayiplarina etkisi analitik olarak hesaplanmistir. Hesaplamalar, TS825 standardina uygun
olarak yapilmis ve her bolge i¢in toplam 1s1 kayb1 ayr1 ayr1 analiz edilmistir

Sonugc:

Arastirmada, pencere/duvar oranindaki artigin enerji tiiketimini 6nemli dlgiide artirdig: tespit
edilmistir. Ozellikle soguk bdlgelerde bu etkinin daha belirgin oldugu vurgulanmstir. Farkli
cam tiirlerinin kullanildig1 ¢alismada, kaplamali ¢ift camlarin enerji verimliligine katkisinin
on plana ¢iktig1 gozlemlenmistir. Bununla birlikte, argon gazi dolgulu camlarin enerji
tasarrufu etkisinin siirli oldugu belirlenmistir. Pencere/duvar oranindaki her %20’lik artisin,
sicak bolgelerde enerji tiikketimini en az %19,5 oraninda, soguk bolgelerde ise %122 oraninda
artirabilecegi belirlenmistir. Soguk iklim kosullarinda, bina cephesinin tamamen camla
kaplanmasi1 durumunda 1s1 kaybinin 55,6 W/m? kadar artis gosterdigi gézlemlenmistir. Bu
caligma, bina tasarimlarinda enerji verimliligini artirmak isteyen mimar ve miihendislere
yonelik kapsaml1 ve sayisal verilere dayali dnemli bir rehber sunmaktadir.

Anahtar Kelimeler: Pencere/Duvar orani, Is1 kaybi, Bina Enerji Performansi, Cam tiirleri,
Pencere 1s1 kaybi, Pencere enerji performansi
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The Effect of Window-to-Wall Ratio on the Energy Performance of Buildings:
Comparative Analysis According to Different Glazing Systems and Climate Zones
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Highlights:

e 100% window fagades has an excess heat loss of up to 55.6 W/m?.

e If WWR is increased by 20%: In hot regions, heat loss increased by at least 19.5%,
while in cold regions this rate increased up to 122%.

e Increasing WWR can help reduce the need for artificial lighting, excessive WWR in
hot climates risks overheating, and in cold climates, it results in substantial heat losses.

Received: 29.12.2024 Accepted: 25.01.2025 Doi: 10.5281/zenodo.14755364

Abstract

This study examines the influence of the window-to-wall ratio on building energy
performance across various climatic zones in Turkey. Five glazing types were evaluated:
standard double glazing, argon-filled double glazing, triple glazing, coated double glazing,
and coated argon-filled double glazing. The analysis focused on heat losses across four
distinct degree-day zones, with the window-to-wall ratio ranging from 0% to 100%. Results
demonstrate a significant correlation between increased window size and energy
consumption, particularly in colder regions. Coated double glazing exhibited the highest
energy efficiency, while the impact of argon filling was minimal. In cold climates, a fully
glazed fagade led to a substantial increase in heat loss (55.6 W/m?). This research provides
valuable insights for architects and engineers to optimize building designs by considering the
window-to-wall ratio and glazing selection in relation to specific climatic conditions.

Keywords: Window/Wall ratio (WWR), Heat loss, Building Energy Performance, Glazing
types, Heat loss from windows, Window energy performance, Zero Energy Buildings

1. Introduction development, studies on energy efficiency
and management are becoming
increasingly important [1]. With the rising
demand for energy efficiency and

Today, energy efficiency and
sustainability have become increasingly
important in building design due to rapidly
increasing energy costs and environmental
concerns. In line with sustainable
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sustainability, countries like the European
Union, China, and the United States have
started to examine buildings with high energy
efficiency and low emissions [2]. According
to the reports of the United Nations
Environment Program, 30% of raw material
use, 25% of solid waste production, 25% of
water consumption, 12% of land use and 33%
of greenhouse gas emissions worldwide are
caused by buildings [3]. In the United States,
India, China and the United Kingdom,
commercial office buildings account for about
35% of total energy consumption [4]. The
main reasons for high energy consumption in
buildings include inadequate insulation,
inefficient window and wall designs, old and
low efficiency systems and user behavior.
Lack of insulation significantly increases
energy losses by causing heat loss in
buildings [5]. Although heat losses vary
depending on the architectural design of the
building, its location, the insulation methods
used and the properties of the building
materials, it is generally observed that heat
losses from external walls and windows
increase proportionally as the building height
increases [6]. In addition, old or low energy
efficient heating, cooling, lighting and
ventilation systems cause energy wastage.
Therefore, strengthening or improving
building insulation stands out as a measure to
reduce energy consumption [7]. Building
insulation, on the other hand, can provide
energy savings of up to 50% and reduce
energy dependence to some extent [8]. A
study funded by the European Union reveals
that 36% of greenhouse gas emissions across
the Union originate from buildings [9]. The
Council of Europe has made a long-term
commitment to reduce the greenhouse gas
emissions of the EU and other developed
countries by 80-95% by 2050 [10]. In Turkey,

ZeroBuild Journal 03:01 (2025) 01-13

the building sector accounts for about 40% of
the total energy consumption and the rapidly
growing construction and increasing demands
for quality of life further increase the energy
consumption in buildings [11]. Turkey
imports 70% of its energy needs and
according to analyses conducted after 2000,
buildings in Turkey consume more energy
than buildings in European countries with
similar climatic conditions [12]. Turkey is
taking important steps towards harmonizing
with the European Union standards on energy
efficiency but continues to work to fully reach
these standards in terms of performance. In
addition, by analyzing the data for the period
2015-2017, it was determined that Turkey's
energy efficiency performance is below the
average compared to 18 European countries.
The importance of raising public awareness
for the effective implementation of existing
policies has also been emphasized [13].

Approximately 65% of the energy consumed
in buildings is spent on needs such as heating,
cooling and ventilation [14]. Today, the
building sector is responsible for about one
third of total energy consumption and 15% of
carbon emissions in the sectors. When
indirect emissions due to electricity use and
heating are added, the rate of carbon
emissions reaches 30% [15].

Energy losses in buildings may vary
depending on the qualities of building
elements, design preferences and climatic
characteristics of the region. A study
conducted in 2008 reveals that 30-40% of
energy losses in buildings are caused by
walls. The study emphasizes that energy
losses are quite high, especially in cases
where the insulation of external walls is
missing or completely inadequate [16]. Along
with good wall insulation, the right choice of

3
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a window with an appropriate Total Heat
Transfer Coefficient (U), (W/m?.C) provides a
significant reduction in energy demand by
minimizing the heating and cooling needs of
the environment [17]. Wall insulation can
reduce energy consumption in houses by 15%
[18].

Heat losses in buildings can be analyzed in
five different areas: exterior walls, windows,
roof, basement floor and air leaks [19].
Energy loss from roofs in buildings generally
varies between 15-25%. Due to the tendency
of warm air to rise, inadequate roof insulation
poses a serious problem in terms of energy
efficiency. This situation clearly demonstrates
the importance of effective insulation
applications on roofs in terms of saving
energy and preventing heat loss [16]. Heat
losses from floor and foundation sections
(slabs) vary between 10-15% [20]. Heat
losses through air leaks are 17% [21].

Windows on the exterior fagades of buildings
are also one of the main causes of heat loss.
The use of poor quality glass and insufficient
insulation makes it difficult to maintain the
indoor temperature. Especially in cold
regions, windows have a significant impact on
energy efficiency. Studies show that
20-30% of energy
consumption for heating and cooling is due to

approximately

window losses [21]. To reduce these losses, it
is important to modernize window systems
and apply advanced insulation technologies.
In 87% of the houses in Turkey, single-glazed
windows with low thermal efficiency are
preferred, while double-glazed windows are
used in 9% and low-e glazed windows are
used in only 4% [22]. Sealing and regular
maintenance of window edges to prevent heat
losses from windows increases energy

efficiency, reduces building costs, provides

ZeroBuild Journal 03:01 (2025) 01-13

high energy savings and offers environmental
benefits [23]

One of the most important parameters
affecting building energy performance is the
window-wall ratio (WWR). Energy savings
can be achieved in buildings by determining
the correct WWR. Energy consumption cost
increases with the increase in window area.
For example, the increase in window area in
cold regions increases the annual energy
consumption cost more than 2.5 times
compared to hot regions. [24]. On the other
hand, large windows can reduce the need for
artificial lighting by 80% by increasing
natural light intake [25], but heat loss and
overheating problems may occur in hot and
cold climates. Therefore, the correct WWR is
important for the energy performance of

buildings and sustainable environment

In this paper, the effects of WWR on energy
efficiency and indoor comfort in buildings are
analyzed. The paper makes an important
contribution to the field of building facade
design and energy efficiency. Firstly, it fills a
gap in the literature by analyzing the effect of
window-to-wall ratio on heat losses in detail
for different climate zones and glazing types.
While most of the studies deal with either
only certain glazing types or a single climate
zone, this study provides a comprehensive
analysis by comparing different WWR for
five different glazing types and four different
climate zones. For example, in the study [26]
for an educational building in Izmir, only
facade orientations are focused and the
window/wall ratio is evaluated in the range of
10%-60%. In this study, the results are
calculated for four different climate zones and
detailed analyses are presented by varying the
window/wall ratio between 0%-100%. In
particular, the analysis of heat loss when the

4
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WWR varies from 0% to 100% emphasizes
the importance of this design element, which
is generally ignored in the literature. It also
represents a unique approach, comparing the
effects of modern insulation technologies
such as coated double glazing and argon gas
filled systems on a zonal and ratio basis. This
paper makes a scientific contribution to
sustainable building design and energy
conservation  strategies by  providing
applicable insights for professionals and
architecture,

researchers  working  in

engineering and energy efficiency.

2. Material and Method

Heat losses from fagades in buildings are
calculated by using the general heat loss
calculation equation specified in TS825 [27]
standard (Equation 1).

Q=UXAX (Tioo — Ty0) (1)

When calculating the heat flux, the general
heat flux calculation equation was used
(Equation 2).

q=UX (Tio = Ta,c0) )

In the study, a 15m*3m long exterior wall of a
building was considered. Wall structures
suitable for the degree day zones in TS 825
were determined and Up (Total side heat
transfer coefficients) values were calculated
according to different window wall ratios. The
wall structure for each zone and the
thicknesses of the structural elements forming
the wall are shown in Table 1. The total side
heat transfer coefficients (Up) of the external
wall recommended in TS825 standard and the
calculated heat transfer coefficients are given
in Table 2

ZeroBuild Journal 03:01 (2025) 01-13

Up values of the walls were calculated using
Izoder software. Material types and
thicknesses of the building elements were
entered into the software and the program
calculated the U values for the climate zones
in Turkey by using these data with heat
conduction calculation methods.

In heat loss calculations according to TS 825,
the coldest month (TS825 Annex B.2) was
taken into consideration when selecting the
monthly average outdoor temperature values
to be used for each region. While determining
the internal temperature values, the monthly
average internal temperature values (TS825
Annex B.1) to be used in the calculations for
dwellings were taken into consideration. Heat
losses through walls and windows are
analytically calculated for each climate zone.
The total heat losses from different facades
obtained were determined according to the
regional characteristics. Glazing types have
different thermal transfer coefficients. Glazing
with low U-value increases energy efficiency
by reducing heat loss [28]. Another important
parameter  affecting  building  energy
performance is the ratio of Window / Wall
areas (WWR). As the window surface area
increases, the wall surface area shrinks. The
thermal resistance of windows is lower than
that of walls. Therefore, large window areas
increase heat loss. The most energy efficient
WWR for almost zero energy buildings in
severe cold regions is between 10-15% for
east-west facing facades and between 10-
22.5% for south facing fagades. In the north,
the WWR should be reduced by considering
lighting and ventilation [29].
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Tablel .Wall structure, elements and thicknesses

Wall construction elements
Wall structure Thickness (m)
(from outside to inside)

4.8.2 Plaster mortars made of
. . . . 0.006 m
inorganic based lightweight aggregates

For Zone 1: 0.03m

10.3.3.1.1.4 Polystyrene - Particulate For Zone 2:0.05m
Foam - Thermal conductivity groups in
accordance with TS 7316 EN 13163 040 For Zone 3:0.06m

For Zone 4:0.08m

4.2 Cement mortar 0.02m

7.1.5.4 Walls made of horizontally
perforated bricks (TS EN 771-1) 0.2 m

4.1 Lime mortar, lime-cement mortar 0.02 m

Table2 . Recommended and calculated U values for climate zones according to TS825

Up (W/m’K) 5
1 . Up ( W/m I()
Regions (Recommended according
(Calculated)
to TS 825)
Region 1 0.7 0.692
Region 2 0.6 0.514
Region 3 0.5 0.455
Region 4 0.4 0,371
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Table3 . Fagade codes, window system structures and U-values

Code Glazing Type Up (W/m’K)
Cl Double glazing 4+12+4 (100% Air) 2,65
2 Double glazing 4+12+4 (90% 251
Argon)
C3 Triple glazing 4+9+4+4+9+4 2,09
ca Coated double glazing 4+12+4 174
(100% Air)
Coated double glazing 4+12+4
C5 1.53

(90% Argon)

In the study, the analyzed glasses in this study
are the top-selling products from glass
companies. Heat losses from 5 different
glazing types were analyzed when the
window/wall ratio was 0%, 20%, 40%, 60%,
80%, 100%. 0% means that the fagade is
completely wall and 100% means that the
fagade is completely glass. Heat loss was
calculated separately for each window to wall
ratio. Five different building facades were
designed with five different glazing types.
The codes of the glazing types used and the
total side heat transfer coefficients (Up) are
presented in Table 3

3. Results and Discussion

3.1 Effect of WWR on Heat Loss According
to Climate Zones

The figure demonstrates the relationship
between heat loss (q, W/m?) and the WWR
for four Degree-Day (DD) zones in Turkey,
which represent varying climatic conditions.
Zone 1 corresponds to the warmest climate,
while Zone 4 represents the coldest. A clear
trend can be observed: as the WWR increases,

heat loss rises consistently across all zones.

This outcome aligns with the general
understanding that larger window areas
contribute to greater heat loss due to the lower
thermal resistance of glazing compared to
opaque walls. However, the extent of this

increase varies significantly between zones.

In Zone 4, the coldest climate, heat loss is the
highest at every WWR value. This can be
attributed to the colder external temperatures
and the relatively higher thermal conductivity
of glazing. The steep slope of the curve for
Zone 4 highlights how heat loss escalates
rapidly with increasing WWR. In contrast,
Zone 1, which represents the warmest
climate, exhibits the lowest heat loss across
all WWR values. The curve for Zone 1 has a
relatively gentle slope, indicating that the
increase in WWR has a less pronounced
impact on heat loss in warmer climates. Zones
2 and 3 show intermediate heat loss values,
with Zone 3 being closer to Zone 4 due to its
colder climate characteristics.

At lower WWR values, such as 20%, the
differences in heat loss between the zones are



Soyhan and Yesilagac

70

—/onel -=Zone?

60

q (W/m?)

0 20 40

ZeroBuild Journal 03:01 (2025) 01-13

—+7one3 -—~—Zoned

60 80 100

WWR

Figure 1. Total heat loss of the facade with double glazing (4+12+4) + wall (C1) according to
window/wall ratio

less pronounced. However, as the WWR
increases, the divergence between zones
becomes more significant. This trend
underscores the critical role that glazing plays
in determining heat loss, especially in colder
climates. For colder zones such as Zones 3
and 4, minimizing the WWR is essential to
reduce heat loss and improve the building’s
energy efficiency. In warmer zones like Zones
1 and 2, WWR can be slightly higher without
significantly affecting thermal performance,
offering greater flexibility in architectural
design while maintaining energy efficiency.

3.2 Effect of Different Glazing Types and
Window/Wall Ratio on Heat Loss According
to Climate Zones

The facade analyzed was replicated and
evaluated for five different glazing types, as
detailed in Table 3. Heat losses for each
facade were calculated based on the variation
of the WWR from 0% to 100% and are

presented separately for each DD zone
specified in TS 825 (Figure 2).

The figure illustrates the heat loss (q, W/m?)
across different Window-to-Wall Ratios
(WWR, %) for varying glazing types (C1-C5)
in the four Degree-Day Zones of Turkey. The
vertical axis represents the heat loss, while the
horizontal axis indicates the WWR.
Theperformance of each glazing type is
compared for all zones, showcasing the
influence of window type, filling gas, and
thermal properties on heat loss.

Among the glazing types, C1 (double glazing
with air filling and U=2.65 W/m?K) exhibits
the highest heat loss across all WWR values
and zones. This result emphasizes that the
thermal performance of this glazing type is
inferior compared to the others. In contrast,
C5 (coated double glazing with 90% argon
filling and U=1.53 W/m?K) consistently

shows the lowest heat loss. The improved
8
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performance of C5 can be attributed to the use
of argon gas, which has lower thermal
conductivity than air, and the coating, which
reduces heat transfer further.

The impact of these design improvements is
particularly evident when comparing heat loss
in Zone 4 at 100% WWR. For C1, the heat
loss is significantly higher than for CS5,
highlighting the potential energy savings
better
technologies. This observation is critical for

achievable through glazing
colder climates, where reducing heat loss

directly translates to improved energy

efficiency and lower heating costs.

The intermediate performance of C2, C3, and
C4 the

improvements associated with using argon

demonstrates incremental
gas (C2), triple glazing (C3), and low-
emissivity coatings (C4). For example, C2,
which uses 90% argon instead of air, shows
lower heat loss compared to C1. Similarly, C3
benefits from triple glazing, resulting in better

ZeroBuild Journal 03:01 (2025) 01-13

insulation, while C4 leverages low-emissivity

coatings to achieve superior thermal

performance.

Another key observation is that the relative
difference in heat loss between glazing types
becomes more significant at higher WWRs
and in colder zones. For example, in Zone 4,
the performance gap between C1 and C5
widens as the WWR increases, indicating that
the choice of glazing becomes more critical as
window areas grow larger.

The findings have important implications for
building design and policy. The results
underline the importance of selecting glazing
types with low U-values, especially for
buildings in colder zones (Zone 3 and Zone
4). While Zone 1 and Zone 2 experience
lower overall heat losses due to their milder
climates, the choice of glazing can still impact
energy efficiency, particularly for buildings
with high WWRs. In colder zones, stricter

70 - WM/onel W/Zone2 MM/one3 MW/one4d
60t a c2 C3 C4 cs
50 +
o~ -
g 40 +
= -
TSO L
20 +
) il | ||| ||| 1
. | | | |
(= i e I R T o} OO OO CO COoOOoOOCO O - I <o I o I - B - I o | (= o B I B = ]
NTT\DOOE N"TJ‘\DDOE !“I‘T!'\DDOE (‘ITI'\DOQE NW\DWE
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Figure 2. Heat losses according to different facade types and WWR
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building codes and standards regarding WWR
are necessary to limit heat loss. Additionally,
the use of advanced glazing technologies,
such as low-emissivity coatings or argon-
filled windows, can help mitigate heat loss
and make higher WWRs more viable, even in
colder climates. In warmer zones, the less
steep increase in heat loss with WWR
suggests that designers can prioritize aesthetic
and daylighting considerations without

substantial energy losses.

Future studies and designs should consider
not only heat loss but also factors like solar
heat gains, window orientation, and the use of
shading devices to optimize building
performance. Balancing these aspects will
ensure that buildings are both energy-efficient
and comfortable, regardless of climatic

conditions.

4. Conclusion

In this study, heat losses were calculated
based on the window-to-wall ratio (WWR) of
exterior walls for Turkey's climate zones
during January in winter. The results confirm
that as the WWR increases, heat losses also
rise significantly, with variations depending
on the glazing type and climate zone. Among
the glazing types analyzed, the best insulation
performance was achieved with coated double
glazing (4+12+4 with 90% argon), which has
the lowest thermal transmittance coefficient
(U=1.53 W/m?K). For instance, in the coldest
climate zone (Zone 4), replacing traditional
double glazing with this coated and argon-
filled double glazing reduced heat loss by
11.98% at 100% WWR. Even in Zone 1, the
warmest climate, heat loss increased by
19.5% when the WWR rose from 20% to
40%, demonstrating the importance of careful

design across all regions.

ZeroBuild Journal 03:01 (2025) 01-13

In colder climates, such as Zone 4, heat losses
increased dramatically as the WWR rose. For
example, a fagade entirely made of windows
(100% WWR) exhibited heat losses up to 55.6
W/m? higher than a fagade without any
windows (0% WWR). Similarly, the increase
in heat loss for Zone 4 exceeded 2.5 times
when the WWR increased from 20% to 100%.

While the use of argon gas as a filler in
double glazing provided some improvement,
its impact was relatively modest, reducing
heat losses by 5.28% compared to air-filled
double glazing at 100% WWR in the same
facade. These findings highlight the critical
need for selecting glazing with low U-values
and limiting the WWR in colder climates to
optimize energy performance. Keeping the
WWR between 10-15% is recommended in
these regions to balance heat loss and lighting

requirements.

Finally, while increasing the WWR can help
reduce the need for artificial lighting,
excessive WWR in hot climates risks
overheating, and in cold climates, it results in
substantial heat losses. Future studies could
investigate the interplay between WWR,
lighting needs, and energy gains in greater
detail to further refine building energy
efficiency strategies.
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Is1 Yahhtiminin Kritik Roliiniin Ortaya Cikarilmasi: Yahitim Kalinhiginin Azalan Marjinal
Fayda Etkisi

Elif Kasapoglu Eymen Berkin Duyar* Aleyna Sariyildiz

Yalova Universitesi, Miihendislik Fakiiltesi, Makine Miihendisligi Béliimii Yalova Tiirkiye
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One Cikarilanlar:
1. Yalitim malzemesinin ilk 1 cm kalinliginda uygulanmasi, 1s1 kaybini % 26.87 azaltmaktadir.
2. Yalitimi artirmak 1s1 kayiplarint azaltsa da; kalinlik arttikca marjinal fayda azaldigindan, optimum
yalitim kalinligin1 tespit edebilmek i¢in ekonomik analiz de yapilmalidir.
3. ¢ ve dis stvanin 1s1 kaybina etkisi son derece smirlidur.
4. Tugla en kalin boyutunun kullanilmasi ile en ince boyutunun, duvar kalinligini belirleyecek sekilde
kullanilmasi arasinda, 1s1 kaybinda maksimum %11.2 fark bulunmaktadir.

Gelis Tarihi: 28.12.2024 Kabul Tarihi: 25.01.2025  Doi: 10.5281/zenodo.14757651

Amac:

Bu c¢alisma, farkli katmanlardan olusan bina duvar kalinliklarinin 1s1 transferi tizerindeki etkilerini
incelemeyi amaglamaktadir. En sik kullanilan i¢ siva, tugla, yalitm malzemesi ve dis siva olmak
iizere dort katmandan olusan modelde, termal kayiplar analiz edilerek karsilastirildi. Analizde biitiin
katmanlarin 1s1 kaybina etkisinin karsilastirilmasi ve yalittm malzemesinin marjinal faydasinin
belirlenmesi amaglandi.

Metot:

(Calismada en sik kullanilan, i¢ siva, tugla, yalittm malzemesi (EPS) ve dis siva olmak iizere, TS825
standardina uygun dort katmandan olusan bir model analizler edilmistir. I¢ ve dis siva
kalinliklariin 0.01-0.05 m, tugla kalinligimin 0.09 m, 0.19 m ve 0.135 m, EPS tiirii yalitim
kalinliginin 1se 0 — 0.2 m arasinda degistigi goz Oniine alinarak 1s1 kayiplari hesaplanarak
karsilastirilmistir.

Sonugc:

Bulgular, EPS yalitim malzemesinin haricindeki duvar katmanlarinin kalinlagtirtlmasinin 1s1 kaybini
onlemek i¢in Onemli bir katki saglamadigini ortaya koydu. 20 cm lik EPS malzemesinin
uygulanmasiyla yalittimsiz bir duvarin 1s1 kaybim1 %86 oraninda azalttigi hesaplandi. Bununla
birlikte, siva kalinligindaki artisin 1s1 kaybini etkilemedigi, tuglanin en uzun Olgiisiinii duvar
kalinlig1 olacak sekilde kullanmanin ise en kisa Ol¢iisiinii kullanmaya gore %11.2 oraninda bir
iyilesme sagladigi tespit edilmistir. Calismanin sonuglari, yalitm malzemesi kalinlik artiginin 1s1
kaybini azalttig1 ancak marjinal faydasinin da azaldigini, bu yiizden en uygun yalitim kalinligina
karar verirken ekonomik analiz de yapilmasi gerektigi sonucuna ulagilmstir.

Anahtar Kelimeler: Duvar kalinligi, Is1 Yalitimi, Bina enerji performansi, Duvardan 1s1 kayb,
Yalitim etkisi, Sifir Enerji Binalar
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Unveiling the Critical Role of Thermal Insulation: The Diminishing Marginal Benefit
Effect of Insulation Thickness

Elif Kasapoglu Eymen Berkin Duyar* Aleyna Sariyildiz

Yalova University, Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii Yalova Tiirkiye
*Corresponding Author: eymenberkinduyar52@gmail.com

Highlights:

1. The first cm of EPS insulation reduces the thermal loss from a wall by 26.87%.
Increasing insulation thickness reduces heat loss; however, the marginal benefit
decreases as the thickness increases. This diminishing return highlights the need for
economic analysis to determine the optimal insulation thickness.

3. Increasing Inner and Outer plaster has a negligible effect on the heat losses of an
insulated of a wall

4. There is a maximum difference of 11% between using the thickest dimension of the
brick and using its thinnest dimension to determine the wall thickness

Received: 28.12.2024 Accepted: 25.01.2025 Doi: 10.5281/zenodo.14757651

Abstract

This study investigates the effects of thickness variations in different layers of building walls
on heat transfer. A four-layered wall model, consisting of interior plaster, perforated brick,
expanded polystyrene (EPS) insulation material, and cement-based exterior plaster, was
analyzed in compliance with the TS825 standard. By systematically increasing the thickness
of each layer, the impact on the total heat loss of the wall was evaluated analytically. The
results indicate that plaster layers had negligible effects on heat loss, while increasing the
thickness of the perforated brick reduced heat loss by up to 11.2%. However, the most
significant reductions in heat loss were achieved by increasing the thickness of the EPS
insulation layer. Notably, this reduction follows a diminishing marginal benefit pattern, where
the initial increases in insulation thickness yield substantial energy savings, but further
increases provide progressively smaller benefits.

These findings highlight that insulation thickness cannot be the sole consideration in
optimizing building energy efficiency. Economic analysis is also essential to determine the
optimal insulation thickness, ensuring both energy efficiency and cost-effectiveness. This
study provides valuable insights for sustainable building design, particularly for projects with
limited budgets.

Keywords: Wall thickness, thermal insulation, building energy performance, heat loss
through walls, insulation effect, Zero Energy Buildings
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1. Introduction

The increasing awareness of the climate
crisis caused by greenhouse gas emissions
from fossil fuels, combined with the slow
adoption of renewable energy sources, and
has heightened the focus on energy
efficiency [1] and zero energy buildings.
Among the three major energy consumption
sectors—industry, transport, and buildings—
the building sector attracts significant
attention due to its potential for energy
savings, especially in construction and use
phases [2, 3]. In Turkey, residential
buildings account for 35% of energy
consumption, with 80% of this used for
heating and cooling [4, 5]. Therefore,
improving insulation has a significant
impact on energy efficiency and reducing
the carbon footprint [6].

Thermal insulation, one of the most widely
studied methods, minimizes heat losses
through the exterior facades, roofs, floors,
and other building components [7]. In
Turkey, insulation thicknesses range from
2.8 cm to 9.6 cm, necessitating detailed
calculations to determine optimum thickness
[8]. Research indicates that applying the
appropriate insulation thickness can reduce
CO:2 emissions by 50% in cold climates [9].
Heat losses in buildings vary by
architectural design but generally occur
predominantly from external walls (40% in
multi-storey buildings and 25% in single-
storey houses), windows, roofs, and air leaks
[10].

Heat losses primarily arise through the
building envelope, including  walls,
windows, and thermal bridges, and may
occur via direct transfer or through gaps in
materials [11]. Studies show that insulated

ZeroBuild Journal 03:01 (2025) 14-21

walls significantly reduce heat losses. For
example, analysis of mezzanine floors with
balcony extensions found that uninsulated
walls had 85% higher heat loss compared to
insulated walls with 5 cm insulation
thickness [12]. Increasing wall thickness
further enhances energy efficiency and
interior comfort by mitigating outdoor
influences [13].

Many studies explore the relationship
between insulation material thickness and
thermal conductivity. For instance, in
Malaysia's hot and humid climate, non-
linear polynomial models were developed to
describe this relationship for materials like
fiberglass and extruded polystyrene [14].
Research in Turkey shows that the optimum
insulation thickness varies between 0.036 m
and 0.1 m depending on climate and
material type, with energy savings of up to
76.8% using expanded polystyrene (EPS)
[15, 16]. Comparative analyses of insulated
and uninsulated conditions demonstrate
significant reductions in energy
requirements and heat loss with insulation
[17]. In Ankara, rock wool with aerated
concrete walls and glass wool with brick
walls yielded the lowest and highest
optimum insulation thicknesses, respectively
[18]. However, studies also reveal
diminishing returns when continuously
increasing EPS board thickness [19].

In this study, the authors aimed to determine
the rate of heat loss prevention utilizing
insulation and the marginal benefit of
insulation. The investigation analyzed the
effect of individual layer thicknesses—
interior plaster, brick, insulation material,
and exterior plaster—on heat transfer in a

multi-layered building wall, considering
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conduction and convection mechanisms. The
study theoretically presents the marginal
benefit analysis of increasing insulation
thickness and demonstrates how maximum
energy savings can be achieved with limited
The
Benefit" expressed in the study aligns with
the of
however, it emphasizes the necessity of

budgets. "Diminishing ~ Marginal

physical principles insulation;

conducting thermodynamic analysis in

conjunction with economic analysis.
2. Material and Method

Within the scope of the study, the heat losses
of the four-layer wall model shown in Figure
1 are analyzed to represent an ordinary
building wall in accordance with TS825
standard. In the analyses, the effect of the
extra thickened wall layer on the heat loss
was calculated by thickening each wall layer
and keeping the thicknesses of the other wall
layers constant. In the case of increasing the
thickness of the internal and external plaster
from 0.01 m to 0.05 m, obtaining 3 different
brick wall thicknesses
perforated brick in all 3 dimentions and

by placing the

thickening the EPS insulation material from
0.03 m to 0.09 m, the heat losses from the
calculated

wall  were and compared

separately.

EPS Insulation

Material

Cement Based

Plaster

ZeroBuild Jowrnal 03:01 (2025) 14-21

Table 1 presents the thickness ranges, heat
transmission coefficients, and densities of
the materials used [20]. These materials are
utilized in building walls because each
contributes significantly to protecting the
structure from various external factors.
Consequently, this wall model and its
identified the

commonly used wall model within the scope

components, as most

of this study, were taken into consideration.

The method used in this study is explained
in detail in heat transfer textbooks, which
also include numerous examples on the
subject. Within the scope of this study, the
aim was to compare the effects of thickening
each layer on the building's heat loss and to

determine the impact ratios.

3. Results and Discussion
In this study, the effect of various materials

comprising a wall on heat loss was
examined through analytical calculations for
different wall layer thicknesses. The results
indicate that layer other than the insulation
material (EPS) have no significant effect on
preventing heat loss, while EPS becomes
more beneficial as its thickness increases.
However, the benefit increment diminishes

with increasing thickness.

Gypsum Plaster ===

Perforated Brick ="~

Figure 1. Four-layer wall model
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Table 1. Table of Wall Materials and Thickness Changes

Material Thickness Range (m) Heat Transmission Coefficient
(k) (W/m.K)
Gypsum Plaster 0.01 - 0.05 0,70 W/m.K
Perforated Brick 0.09/0.19/0.135(3 0.45 Wm.K
settlements)
EPS (Polystyrene) 0.03 - 0.09 0.05 Wm.K
Cement Based 0.01 - 0.05 1.6 W/m.K
Plaster
40
35
&
30 \ M \
2t .
a 20 \\
g .
2 15 W
= n_
=3 . i >~
10 r—o—s—o—o .. _ - "t______’
. =
5 '.“'"."".‘-—.__. _____ ._-'-_.

0 0.02 0.04 0.06 0.08 0.1 0,12 0.14 0.16 0.18 0.2
L (m)

-m-EPS —+—Brick —e—1. Plaster —e—0. Plaster
——Brick N.L —o-1. Plaster N.I. —6—0. Plaster N.I.
Figure 2. Effect of Different Wall Layer Thicknesses on Heat Transfer.

English Bond Flemish Bond reduction in heat loss. The curves on the right
Figure 3. English and Flemish Bond [21]. represent changes in brick thickness. The
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In Figure 2, the red line represents EPS
insulation material, "I. Plaster" denotes interior
plaster, "O. Plaster" represents outer plaster,
and the letters "N.L." indicate "Not-insulated."

The interior and exterior plasters, whether

insulated or not, provide only a very limited
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relationship between brick thickness variation
and heat loss is shown on the right side of the
figure for both insulated and non-insulated
wall configurations. It is observed that
increasing the brick thickness alone has an
effect on energy savings in a non-insulated
wall. But its effect on an insulated wall is
negligible.

However, it has been reported that not only the
thickness of the brick used but also factors
such as brick type, mortar, layout and wall
structure  affect the thermal insulation
performance of the wall [22]. Different brick
layouts can affect thermal insulation in
different ways by changing the amount and
distribution of air voids within the wall. For
example, brick layouts such as English and
Flemish bond (Figure 3) can improve thermal
insulation at different rates by changing the
internal structure of the wall [23]. However,
ultimately, although the air layer within the
perforated brick has a slightly positive effect
on insulation, it can never replace proper

insulation.

Figure 2 also highlights the dramatic reduction
in heat loss observed with the change in EPS
insulation thickness, as indicated by the red
dashed line. In the non-insulated case, the heat
loss from the wall is 31.74 W/m?, while adding
the first 1 cm of EPS insulation reduces heat
loss to 26.87 W/m?, corresponding to a
26.87% decrease. This demonstrates the
critical impact of the initial thickness of
insulation material on energy efficiency.
However, as the thickness increases, the
diminishing marginal benefit effect becomes
apparent. For instance, increasing the
insulation thickness from 19 cm to 20 cm

reduces heat loss from 4.48 W/m? to 4.29

ZeroBuild Journal 03:01 (2025) 14-21

W/m?, corresponding to only a 4.29%
decrease. Comparing the non-insulated wall
with a wall insulated with 20 cm of EPS
reveals an 86% reduction in total heat loss.
However, the marginal benefit of insulation
continues to decrease steadily.

An important finding is that the first
centimeter of EPS insulation thickness is
critical for energy efficiency. While the initial
1 cm of EPS reduces total heat loss by
26.87%, the effect of each subsequent 1 cm
decrease in heat loss diminishes. This
demonstrates  that increasing insulation
exhibits

marginal benefit, underscoring the importance

material  thickness diminishing
of the concept of optimal insulation thickness.
Energy efficiency and cost-effectiveness
analyses can serve as critical guides,
particularly for applications aiming to achieve
energy savings on limited budgets. The
dramatic benefit observed in the first
centimeters of insulation can serve as a
strategic starting point for achieving maximum
energy savings with minimal budgets during
insulation design. However, maintaining the
insulation material thickness at an optimal
level is crucial for both economic and
environmental sustainability. In this context,
insulation thickness design should consider not
only energy savings but also cost-

effectiveness.

4. Conclusion
The first 1 cm of EPS insulation reduces heat

loss by approximately 26.87%, underlining its
critical role in achieving energy efficiency.
However, as the insulation thickness increases,
the marginal benefit diminishes, as seen with
the reduction in heat loss from 19 cm to 20
cm, which was limited to 4.29%. This
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diminishing return effect highlights the
importance of determining an optimal
insulation thickness that balances energy

efficiency with cost-effectiveness.

Moreover, the air layer within perforated
bricks, while contributing marginally to
insulation, cannot substitute for proper
insulation materials. These findings emphasize
that for sustainable and cost-effective building
designs, prioritizing insulation material and
optimizing its thickness is essential. Such an
approach is particularly valuable for projects
with limited budgets, where maximum energy
savings can be achieved through strategic

initial investments in insulation.

In conclusion, incorporating insulation

material with an optimal thickness not only
enhances energy efficiency but also supports
economic and environmental sustainability in

construction practices.
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One Cikanlar:

e Enerji-etkin binalar i¢in finansal ve vergisel tesvikleri, Tiirkiye Ozelinde incelenip
gelismis tilkeler ile karsilastirildi.

e Tirkiye i¢in finansal ve vergisel tesvik Onerileri sunuldu.

e 2025 yilinda binalarda yenilenebilir enerji kullanimina yonelik belirlenen %10'luk asgari
gereklilik, en son diizenlemelere gore kademeli olarak artirilmalidir.

e Vergi tesviklerinin 6nemli bir noktasi, bu tesviklerin siirdiiriilebilir olmast ve uzun
vadede uygulanabilir olmalar1 gerektigidir.

Gelis Tarihi: 16.01.2025 Kabul Tarihi: 27.01.2025 Doi: 10.5281/zenodo.14758301

Amac:

Bu calisma, Tiirkiye'deki enerji-etkin bina vergi tesviklerini incelemekte ve uluslararasi
orneklerle karsilagtirarak en iyi uygulamalari ve yenilik¢i politikalart vurgulamaktadar.

Metot:

Calismada, ilk adim olarak, enerji-etkin binalarin sistematik bir incelemesinin yapilmistir.
ScienceDirect, Google Scholar gibi veritabanlar1 kullanilarak kapsamli bir arama
gerceklestirilmistir. Calismaya dahil edilmek iizere secilen ¢alismalar, tamamen veya kismen
enerji-etkin  bina  tesviklerine  odaklanmaktadir.  "Enerji-etkin  bina  tesvikleri",
"siirdiiriilebilirlik ve finansal tesvikler", "siirdiiriilebilir bina tesvikleri" ve "enerji-etkin bina
icin vergi indirimi" gibi anahtar kelimelerle yapilan aramalar sonucunda toplamda 251 yayin
elde edilmistir. Ayrica, Tiirkiye’deki enerji-etkin binalara yonelik tiim finansal ve vergisel
tesvik kanunlar1 incelenmistir.

Sonugclar:

Tiirkiye’de dogrudan enerji-etkin binalara yonelik yeterli diizeyde finansal ve vergisel
tesvikler mevcut degildir. Tiirkiye’de, binalarda enerji kayiplarini azaltmak ve enerji
verimliligi saglamak amaciyla Enerji Verimliligi Kanunu gibi bir dizi yasal diizenleme hayata
gecirilmistir. Bu tip dilizenlemeler, enerji verimliligi ve siirdiiriilebilirlik hedeflerine
ulasilmasinda 6nemli adimlar atmaktadir. Mevcut olarak, ihtiyag fazlasi elektrik enerjisinin
satisinda esnaf muafiyeti, damga vergisi kanunu gibi diizenlemeler oldugu tespit edilmistir.
Ancak, secilen gelismis {ilkeler 6zelinde yapilan karsilagtirma sonucu, Tiirkiye’de bu yonde
atilacak somut adimlarin oldugunu gostermektedir. Bu adimlara 6rnek olarak, 2025 yilinda
binalarda yenilenebilir enerji kullanimina yonelik belirlenen %10'luk asgari gereklilik, en son
diizenlemelere gore kademeli olarak artirilmasi verilebilir.

Anahtar kelimeler:

Enerji-etkin bina tesvikleri, Vergi tesvik programlari, Tiirkiye vergi kanunlari, Vergi
karsilagtirmasi, Cevre dostu binalar
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Highlights:

e Financial and tax incentives for energy-efficient buildings were analyzed in the
context of Turkey and compared with developed countries.

e Financial and tax incentive recommendations were presented for Turkey.

e The 10% minimum requirement for the use of renewable energy in buildings, set for
2025, should be gradually increased according to the latest regulations.

e An important aspect of tax incentives is that they must be sustainable and applicable in
the long term.
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Abstract: As global concerns about climate change and environmental sustainability
intensify, the energy-efficient building construction sector has emerged as a key focus for
reducing greenhouse gas emissions and resource energy consumption. On the other hand, tax
incentives have proven to be effective tools in promoting energy-efficient building practices,
while encouraging developers, investors, and property owners to adopt sustainable
construction techniques incorporating with energy-efficient technologies. To this aim, this
paper reviews tax incentives for energy-efficient buildings in Tiirkiye and compares with
international examples, highlighting best practices and innovative policies. This study also
explores the scope and implementation of tax incentives programs, including property tax
reductions, investment tax credits, accelerated depreciation schemes, and VAT exemptions,
which aim to lower the financial barriers for energy-efficient building adoption.

The findings of this paper suggest that integrating well-structured tax incentives with broader
sustainability goals can significantly accelerate the transition to eco-friendly construction
practices.

Keywords: Energy-efficient Building Incentives; Tax Incentives Programs; Turkish Tax
Relief; Tax Comparison; Environmental Friendly
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1. Introduction
Energy-efficient buildings (EEBs) are

essential for the sustainable development
of nations. On the other hand, global
warming, driven by the rise in greenhouse
gas emissions, remains a significant
challenge for governments, worldwide [1].
Hence, the design and construction of
energy-efficient buildings aim to reduce
the building sector's share of energy
consumption. Nowadays, buildings are a
major contributor, accounting for almost
30% of total green gas emissions [2]. In
developing countries like Tiirkiye, the ratio
of energy consumption in buildings is
increasing  compared to  developed
countries [3]. Therefore, to guide and
encourage the building sector toward
adopting green buildings, sectors should be

driven by laws and legislation.

The EEB concept is defined as “a structure
designed, constructed, and operated in a
way that minimizes its environmental
impact and promotes sustainability” [4].
The characteristics of “an EEB” include
energy efficiency, water conservation, eco-
friendly construction materials, improved
indoor air quality, optimal thermal
comfort, health and wellbeing, efficient
land-use and biodiversity protection and
resilience to global warming [5]. The
LEED (Leadership in Energy and
Environmental ~ Design)  certification
system is an internationally recognized
framework that assesses the environmental
performance of buildings, encouraging
sustainable construction practices by
focusing on factors like energy efficiency,
water conservation, and the use of

renewable materials, thus serving as a
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crucial tool for advancing the EEB
nitiatives. As of 2024, there are over
195,000 LEED-certified buildings across
186 countries worldwide [6]. Figure 1
illustrates the number of LEED-certified
buildings across different countries. As of
recent data, Tiirkiye ranks among the top
countries for the number of LEED-certified
buildings. It is typically positioned within
the top 20, with approximately 1,500
LEED-certified buildings.

The US Green Building Council reports
that new EEBs typically experience a
10.5% reduction in operating costs during
their first year [7]. Moreover, EEBs
experience an average reduction in
operating costs of 16.9% over a five-year
period. While EEBs offer numerous
benefits, the economic dimension is a
critical aspect that warrants particular
attention. Constructing an EEB involves
various costs that can differ based on
factors such as location, building type, and
the level of sustainability desired. For
instance, according to the Hu and
Skibniewski [8], EEBs often incur an
initial construction cost premium up to
10% compared to traditional buildings.
Figure 2 depicts the share of the cost of
constructing EEBs in terms of items. The
installation of energy-efficient HVAC
systems, renewable energy sources (e.g.,
solar panels), and advanced insulation
techniques typically account for a
significant share of the additional costs.

Energy consumption of Tiirkiye has been
rising steadily each year. For example, in
2020, the country’s primary energy
consumption reached 147.2 million tons of
oil equivalent (Mtoe), positioning Tiirkiye
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Figure 1. The share of countries according to LEED-certified buildings (adopted from US
Green Building Council)

Water Efficiency Systems Initial Construction Cost
14.3%

Sustainable Materials
28.6% \

14.3%

Energy-efficient Systems (Solar panels, HVAC systems etc)

42.9%

Figure 2. The share of costs for constructing EEBs [9]

among the leading countries in global
energy consumption. Furthermore, energy
consumption in Tirkiye grew by 9% in
2021 compared to the previous year. These

statistics reflect an ongoing increase in

energy consumption in the country [10].
Therefore, EEBs concept may be one of
the solution to decrease total energy
consumption of the country. On the other
hand, there are several ways to convert a
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building to EEB, such as adding trombe
wall and integrating renewable energy like
photo-voltaic panels [12] (Figure 3a) and
wind turbines [13] (Figure 3b), utilizing
from energy-efficient roof and walls [14]
(Figure 3c) and insulating the walls [12]
with changing lighting systems with more
efficient ones. However, all modifications
incur costs for investors, which makes
effectively leveraging incentives and tax
reductions essential, as this can minimize
the waste of limited national resources
while maximizing energy efficiency for the

country.

In Tirkiye, Erbiyik et al. [15] reviewed
the LEED Certification system embedded
in to green building certification as a case
study. The authors stated that the defined
tax for green buildings was kept fairly
lower than the conventional buildings. In
another study, Bahadiroglu et al. [16]
adopted the SBTool for the first time to an
educational facility in Marmara/Tlrkiye
climate for evaluation of sustainable
building. The authors found that the
relative performance score was assigned to
“B” which means an acceptable standard
for a sustainable building. On the other
hand, Efe et al. [17] indicated that there
was no official green or sustainable built
environment evaluation system in Tirkiye.
The authors discussed he importance of
establishing a local certification system for
Tirkiye.

Incentives and tax reductions are crucial
not only for all sectors but for EEB sector.
For example, these financial incentives
foster sustainable and energy-efficient
development by encouraging practices like
the production of renewable energy for
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buildings. Additionally, they serve as an
effective tool for governments to achieve
their long-term energy, environmental, and
climate policy goals [18]. However,
incentives and tax reductions are closely
related to the energy policies of countries.
Therefore, the review of financial
incentives is typically country-specific. For
instance, Rana et al. [19] assessed the
financial incentives for EEBs in Canada.
The authors found significant regional
variations in the availability of financial
incentives for both residential and
commercial buildings, even within the
same country. Sebi et al. [20] compared the
policy strategies of Germany, France, and
the usS regarding retrofitting
approaches for EEBs. Liu et al. [21]
reviewed policies in China for EEBs while
Trencher and van der Heijden [22]
followed the results of retrofit policies in
existing buildings of New York, Sydney
and Tokyo. Most of the review papers have
focused on incentives and tax reductions in
developed countries, such as those in
European nations and the U.S. On the other
hand, it is proven that a systematic review
of existing retrofit policies on EEBs is the
basis of improving the policy effectiveness
[23]. Therefore, a systematic review
examining the financial incentives of
developing countries, with a particular
focus on Tiirkiye, and comparing these
incentives to those of developed countries,
is essential. To this aim his paper reviews
the EEB retrofit policies and financial
incentives in Tiirkiye, a developing
country, and compares them with those of
developed countries. The importance of
this paper is to explore the crucial link
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Figure 3. The simulations for EEB applications in Turkiye
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between climate change, energy efficiency,
and sustainable construction, offering key
insights into how tax incentives can
promote the adoption of energy-efficient
building practices. By focusing on Tiirkiye,
this paper provides a localized analysis
while drawing comparisons to international
best practices, which can help inform
policy improvements and facilitate a wider
shift toward sustainable construction. The
study highlights the role of financial
incentives—such  as  property  tax
reductions, investment credits, and VAT
exemptions—in overcoming the financial
challenges associated with the EEB
adoption. The remainder of the paper is
structured as follows: The first section
examines financial incentives for EEB in

Tirkiye. Next, the paper compares the

financial EEB incentives in Tiirkiye with
those of developed countries. Finally, the
authors propose recommendations for

improving these incentives.

2. Methodology

Figure 4 presents the flowchart of the
study. The first step involves conducting a
systematic review of the EEB. A
comprehensive search is performed using
databases such as ScienceDirect, Google
Scholar, and others. The studies selected
for inclusion focus either fully or partially
on EBB incentives. Using keyword
searches, such as "EBB incentives"
"sustainability and financial incentives"
and "sustainable building incentives" and
“tax reduction for EBB”, a total of 251
publications were retrieved for the study.

GREEN INCENTIVES FOR TURK__IyE,.-ﬂ'ND THE

cATEG@

onducting a search for the term 'Green  JAnalyzing
Incentives and Tax Reéduction' on
ScienceDirect and Google Scholar

WORLD

Dlscu;siing the gaps and glving
¥ suggestions

A total of 8 par!

A total of 93 relevant papers
(conference papers and journal

Subsidies
Credit Incentives
Grants

articles) Tax Incentives

Exemptions

Accelerated Depreciation

Discounts
Disincentives

Figure 4. Flow chart of the research
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However, only 93 publications are selected
for this study according to 8 different

financial criteria.

These financial incentive parameters for
the EBBs are;

e Subsides

e Credit Incentives

e (rants

e Tax Incentives

e Exemptions

e Accelerated Depreciation
e Discounts

¢ Disincentives

Subsequently, these parameters are
published for Tiirkiye and then compared

with those of selected developed countries.

3. Financial Incentives for EEB in
Tiirkiye

The concept of the EBBs, which first
emerged in Tirkiye in the early 2000s, has
made significant progress over the years
through important steps taken. During this
25-years period, Tiirkiye has implemented
various legal regulations to support
sustainability goals in the globally
important fields of "Energy-efficient
Buildings" and "Sustainable Structures."
Government incentives, tax reductions, and
financial support have played a crucial role
in promoting the widespread adoption of
energy-efficient building practices. In
Tiirkiye, several legal regulations have
been implemented to reduce energy losses
and obtaining energy-efficiency in
buildings. For instance; the "Energy
Efficiency Law No. 5627 [24]", the

"Thermal Insulation Regulation for
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Buildings [25]", the "Energy Performance
in Buildings Regulation [26] ", the
"Regulation on Efficient Use of Energy
Resources and Energy [27]", the "Energy
Efficiency  Strategy = Document and
Buildings [28]" and the "Energy-efficient
Certification Regulation for Settlements

[29]".

The "National Energy-efficient
Certification System (YeS-TR)," which
was the first national implementation
prepared for the certification of energy-
efficient buildings, was implemented under
the "Regulation on Energy-efficient
Certification for Buildings and
Settlements" published in the Official
Gazette of Tirkiye in June 2022. While
this regulation is the only one specifically
addressing EEBs, various other
institutions, independent entrepreneurs,
and universities in Tiirkiye have conducted
various efforts in addition to the legal
regulations. These efforts have led to the
development of drafts for EEB certification
systems.

On the other hand, starting from January 1,
2025, this practice will be expanded to all
buildings over 2,000 square meters, and it
will be mandatory for at least 10% of the
energy used to be sourced from renewable
energy in Tlrkiye. For large buildings, it
has been made mandatory to construct in
accordance with the nearly zero-energy
building (nZEB) concept. The energy
performance of buildings is required to be
at least Class B.

In Tiirkiye, there is no direct tax incentive
for EEBs. Although there is no specific
regulation in Turkish tax legislation
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regarding EEBs, there are some regulations
that cover buildings related to energy
efficiency and renewable energy, which
affects energy-efficient building

investments.

3.1. Exemption for Tradesmen in the Sale
of Excess Electricity
Under the Article 193 of the Income Tax

Law (GVK), regulations are in place for
the production of electricity from
renewable energy sources, in line with the
"Electricity Market Law" No. 6446. With
the enactment of Law No. 7103, an
additional subparagraph (9) was added to
the first paragraph of the Article 9, which
regulates the tradesmen exemption of
Article 193.

The new provision states the followings:

"In accordance with the Electricity Market
Law No. 6446, activities that can be
carried out without a license for the
purpose of generating electricity from
renewable energy sources, individuals who
sell excess electricity produced from a
single facility with a maximum installed
capacity of up to 10 kW (including 10 kW),
installed on the roofs and/or facades of
residential buildings they own or rent
(including those installed for the common
electricity needs of the main property by
the co-owners) to the last-resort supply
company. (The provision of the third
paragraph shall not be considered in the
application of this subparagraph.)".

The relevant provision is explained in the
303" Series of the Income Tax General
Communiqué, published in the Official
Gazette No. 30448 on June 11, 2018.
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With the Law No. 7420, published in the
Official Gazette No. 32008 on November
9, 2022, which amends the Income Tax
Law and certain other laws and decrees,
the expression "25 kW" in paragraph (9) of
the first paragraph of Article 9 of the
Income Tax Law No. 193, dated December
31, 1960, was changed to "50 kW."

Moreover, those who produce excess
electricity with an installed capacity of up
to 50 kW (including 50 kW) on the roofs
of properties they own or rent, from
sources within the scope of unlicensed
activities, and sell the excess electricity to
the last-resort supply company are exempt
from taxes.

Additionally, under the Article 17/4-a of
the VAT Law, the deliveries and services
made by tradesmen who are exempt from
taxes according to the Income Tax Law are

also exempt from the VAT.

3.2. Regulations Introduced in the Stamp
Duty Law and the Fees Law Regarding
Procedures for Thermal Insulation and
Energy Savings in Buildings

The procedures related to thermal
insulation and energy savings in buildings,
outlined in the Stamp Duty Law No. 488
and the Fees Law No. 492, have been
exempted from taxes on documents related

to these matters.

3.3. Deduction of Thermal Insulation and
Energy Saving Expenses as Business
Expenses for Determining Commercial

Income
In the Article 40,

subparagraph 7 of the Income Tax Law
No. 193 titled "Deductible Expenses",
following statement is valid:

paragraph 1,
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"7. (Amended:  24/12/1980-2361/29)
Depreciation amounts allocated according
to the provisions of the Tax Procedure
Law, (Added: 24/6/1994-4008/24) (...)38
(Additional provision: 15/7/2016-6728/14)
(Expenses related to thermal insulation
and energy-saving measures that increase
the economic value of the property
included in the business can be directly

deducted in the year they are incurred.)"

The principles of this regulation were
outlined in the Income Tax General
Communiqué No. 295 published in the
Official Gazette No. 29927 on December
23, 2016.

With this legal amendment, the phrase
"Expenses related to thermal insulation
and energy-saving measures that increase
the economic value of the property
included in the business can be directly
deducted in the year they are incurred"
was added to the article on deductible
expenses in the Income Tax Law. This
change allows these expenses, which were
previously added to the property cost and
depreciated over time, to now be directly
deducted as an expense in the year they are

made.

3.4. Deduction of Expenses Related to
Thermal Insulation and Energy Saving
Measures in Determining the Net Amount
of Real Estate Income

In the Income Tax Law No. 193, under

Article 74 - Expenses:

"Expenses: Article 74 — (Amended first
paragraph: 24/12/1980-2361/51) In order
to determine the net income, expenses
listed below are deducted from gross
income, excluding those related to exempt
gross income according to Article 21:

ZeroBuild Journal 03:01 (2025) 22-40

6. Depreciation of leased property and
rights (The depreciable value, if known, is
the cost price; if unknown, for buildings
and land, it is the tax value, and for other
assets, it is the market value determined
according to the third item of Article 267
of the Tax Procedure Law), and expenses
made by the lessor that are aimed at
increasing the economic value of the real
estate, such as thermal insulation and
energy-saving measures (If these expenses
exceed the limit set in Article 313 of the
Tax Procedure Law within a calendar year,
they may be considered as part of the

cost)."

When the real expense method is selected
for the declaration of real estate income,
thermal insulation and energy-saving
expenses, which enhance the economic
value of the property, can be added to the

property's cost and depreciated over time.

With the amendments introduced by the
Law No. 6745, the change in Article 74 of
the Income Tax Law allows for these
expenses, provided they do not exceed the
depreciation limit specified in Article 313
of the Tax Procedure Law. In this case, the
entire amount of the expenses, excluding
those related to exempt gross income, may
be directly deducted as an expense in

determining the net income.

However, if the expenses exceed the
depreciation limit specified in Article 313
of the Tax Procedure Law, the entire
amount of the expenses, excluding those
related to exempt gross income, may either
be directly written off as expenses or added
to the property's cost and depreciated.
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4. Comparison of Financial Incentives
with the Developed Countries
This  section  summarizes

financial
incentives in developed countries and
compares these incentives with the
Tiirkiye.

4.1 United States of America

Looking at the global scene, it is evident
that the United States offers the most
incentives for energy-efficient buildings.
Different states in the U.S. have various

incentive programs.

For example, New York and Maryland
have legal provisions that include tax
deductions for energy-efficient buildings.
In Maryland, energy-efficient building
owners receive an 8% income tax
deduction. In New York, both public and
private sector buildings are incentivized
through a "energy-efficient building grant"
program, aimed at making buildings more
energy-efficient and  environmentally
friendly. Additionally, building owners and
tenants who meet specific energy-efficient
building criteria enjoy advantages such as
corporate tax, income tax, and insurance
tax deductions. One of the key criteria is
that energy consumption in new buildings
should not exceed 65% of the permitted
level, while for renovated buildings, it
should not exceed 75% [30].

In  Oregon, energy-efficient building
incentives are offered in the form of
exemptions from property taxes. The
support is provided through a credit fund to
help cover the building costs in the region.

In Cincinnati, Ohio, newly constructed
buildings certified at the LEED Silver level
are exempt from property taxes for 15
years. Renovations also enjoy up to
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$500,000 in exemptions for 10 years. For
LEED Platinum-certified buildings, there

is no upper limit on the tax exemption.

4.2. United Kingdom
The United Kingdom, a country with

heavy rainfall, aimed to turn this situation
into an advantage by enacting the "BS-
8515" standard in 2009. This law covers
the design, installation, and maintenance of
rainwater harvesting systems, which allow
rainwater to be added to household water
supplies. In the first year, a 100% tax
deduction is applied to this system.
Additionally, a 5% tax deduction is offered
for solar panels. There are also benefits for
individuals who generate electricity. Those
with solar panels on their roofs can sell the

excess energy they produce to companies.

From the beginning of 2022 until March
31, 2027, the UK aims to provide
approximately £280 million in tax
incentives to improve residential energy
efficiency. To achieve these goals, the
government plans to apply a reduced Value
Added Tax (VAT) rate for materials that
improve energy efficiency in residential
buildings.  Specifically, energy-saving
materials such as insulation, heat pumps,
and solar panels will be subject to a 0%
VAT rate wuntil March 31, 2027.
Additionally, the stamp duty paid for a
home will be adjusted based on its energy
efficiency performance. As a result, homes
with better energy performance will have

lower stamp duty [31].

4.3. Australia
In Australia, there is an organization called

GBCA (Energy-efficient Building Council
of Australia) that examines and certifies
energy-efficient buildings. One of its
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primary roles in the energy-efficient
building process is setting standards for
energy-efficient buildings using various
rating tools. To establish these standards,
the GBCA developed the Energy-efficient
Star rating system in 2002. Today, the
Energy-efficient Star rating system
continues to maintain its popularity and is
becoming increasingly widespread in the
construction industry.

Currently, there is no systematic approach
for tax exemptions specifically for energy-
efficient buildings in Australia. However,
federal tax systems provide tax exemptions
for activities related to environmental
protection [32].

4.4. France
In France, various measures have been

implemented to encourage households to
carry out energy efficiency renovations.
These measures include tax reductions,
subsidies, and zero-interest bank loans.
The tax credit system allows taxpayers to
deduct part of the renovation costs from
their income taxes. The discount rate varies
depending on the equipment used; for
example, it is 15% for double glazing, 25%
for roof and wall insulation, 25% for
heating system modernization, 40% for
renewable energy use, and can vary based
on the number of individuals in the
household [30].

The French government introduced the
sustainable development tax credit in 2005
to enhance energy efficiency in private
residences. This tax advantage was later
restructured as a tax credit for energy
transition. The program allows private

homeowners in France to benefit from this
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tax credit, offering up to 30%
reimbursement of their expenses if they opt
for energy efficiency renovations or
heating system modernization. In practice,
the tax authorities apply these credits based
on documentation of the expenses
incurred. However, this tax advantage
cannot be used for a second home and is
limited to 30% of the total expenses for
energy renovation works. This amount
should not exceed 8,000 euros per person
in the household, and 16,000 euros for
couples. Additionally, an extra 400 euros
can be reimbursed for each child in the
household. This tax credit can also be
applied to investments in new buildings
and can be used for improvements to

insulation and/or heating systems.

4.5. Spain
Since 1990, Spain has implemented

various normative and financial measures
aimed at improving energy efficiency in all
types of housing, including single-family
homes. In some municipalities, when solar
energy systems are installed in homes
(except new ones), property tax rates are
reduced by up to 50%. Additionally,
buildings or facilities that include solar
energy-based heating or electrical systems
benefit from up to 95% tax reductions on
building, infrastructure, and installation
taxes, with these tax reductions being
applied by local governments. Local
authorities also offer property tax
reductions for buildings that include solar
energy or photovoltaic systems.

The Spanish government also provides
personal income tax credits for residential
energy efficiency renovations. This tax

credit mechanism contributes financially to
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housing energy efficiency initiatives under
the existing national regulations. The
contribution is available for homeowners,
with this advantage applied to no more
than 30% of the total expenses for energy
efficiency renovations. The maximum
amount for each person in the household is
set at 8,000 euros, and for couples, it is
16,000 euros. Additionally, an extra 400
euros can be reimbursed for each child in
the household. Furthermore, in addition to
energy renovation works, Spain offers a
20%  additional tax reduction for
improvements to insulation and heating-

cooling systems in buildings.

4.6. Germany
Hamburg, Germany's second-largest city,

became the first to develop a
comprehensive  energy-efficient  roof
strategy to mitigate the effects of climate
change. A budget of 3 million euros was
allocated for the development and
implementation of this strategy. The
program, launched in 2015, was originally
set to end in 2019 but has been extended
until 2024. It aims to increase the surface
area of energy-efficient roofs using various
tools. The program covers up to 40% or
more of the construction costs for energy-
efficient roofs between 20 and 100 square
meters. For non-residential buildings, a
maximum of 50,000 euros per roof is
provided. Hamburg also plans to provide
up to 100,000 euros in support for energy-
efficient roofs on school buildings. In
2019, Hamburg allocated 7.5 million euros
for the construction of energy-efficient

roofs on schools.

To increase energy efficiency in buildings,
the German government has offered tax
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advantages to homeowners, which can be
recognized as tax deductions on income
tax returns. This regulation, which came
into effect in 2020, targets homeowners of
properties older than 10 years. The
deductions are reflected in income tax
returns. However, in order to benefit from
this deduction, the homeowner must reside
in the property. Additionally, the efficiency
improvements must be completed by
January 1, 2030, at the latest.

Under this incentive, homeowners can
benefit from tax deductions when they
replace or renovate windows, doors,
heating systems, update ventilation
equipment, insulate walls, roofs, floors,
and ceilings, or install a digital system to
optimize energy performance. The tax
deduction is limited to 20% of the total
expenses for these activities. The right to
the deduction is spread over three years,
with 7% applied in the first year, 7% in the
second year, and 6% in the following year.
Additionally, there is a cap of 40,000 euros
for the maximum deduction amount. If the
property is rented out or assigned to
someone else for free, the tax deduction
claimed. The

government expects these tax incentives to

cannot  be German
save 3.4 million tons of carbon by 2030
[30].

4.7. Canada

In Canada, various energy-efficient
building incentives are provided by the
Canada Mortgage and Housing
Corporation (CMHC), banks, public
utilities (such as the Power Smart Home
Loan provided by FortisBC), and
municipalities, with most of the incentives

being 5-year loan programs. These loans
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are available for the construction of new
homes, renovations of commercial
buildings, and upgrading of individual
systems. For example, in Manitoba, there
is a Residential Earth Power Loan for cold

climate air-source heat pumps.

Tax incentives in Canada are generally
based on exemption models rather than
discounts. For instance, British Columbia
(BC) offers a 100% property tax
exemption for certain devices and energy
upgrades. Quebec (QC) offers the
RenoVert tax credit for energy renovations
in homes. Among the various financial
incentives, tax incentives have been found
to be the most effective method in terms of

both environmental and economic impact.

In Canada, there are numerous grants
available at both the provincial and
municipal levels. Most of these grants are
provided through public utility companies
in different provinces. In the residential
sector, discounts offered by municipalities
in Alberta (AB) are common. In provinces
such as BC, QC, ON, and Newfoundland
and Labrador, public utilities more widely
provide discounts [19].

4.8. Norway
Norway 1is another country that has

developed a energy-efficient building
certification system. In the early 2000s,
Norway used the EcoProfile certification
system, but it has since been replaced by
BREEAM-NOR, which was developed in
2011. BREEAM-NOR is the national
adaptation of the BREEAM rating system
that originated in the United Kingdom.

In addition to being a safe and livable
country, Norway stands out for its
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ambitious renewable energy goals and
efforts to achieve these targets. Some of
the key renewable energy incentives
implemented in Norway include indirect
taxes, energy funds, carbon dioxide taxes,
and premiums for energy-efficient
certification schemes, tariff guarantees,

and other exemptions.

Norway offers various incentives aimed at
energy conservation. The Norwegian
Investment Support combines investment
subsidies and financial incentives to
promote renewable energy sources for
electricity generation. Wind and biomass
(heat production) investments can benefit
from subsidies, which can reduce total
investment costs by up to 25% and 100%,
respectively.  Wind energy promotion
projects can receive subsidies covering up
to 100% of the investment costs.
Additionally, wind energy investments are
exempt from both investment taxes and

energy production taxes [32].

Table 1 summarizes financial incentives
for energy-efficient buildings in selected
developed countries and Tiirkiye.

5. Suggestions
Energy efficiency and renewable energy

regulations related to buildings in Tiirkiye
are currently limited, highlighting the need
for new policies that provide financial
advantages for energy-efficient buildings,
in alignment with global best practices.
Therefore, this section presents several
suggestions for Tiirkiye.

. Energy-efficient-certified or LEED-
certified buildings or complexes could be
granted the right to receive free advertising
through public channels.
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Table 1. Financial Incentives for Energy-efficient Buildings in Selected Developed Countries

and Tirkiye
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Tiirkiye
uUS
UK
Australia
France
Spain
Germany
Canada
Norway
NA: Not available and NC: Not common
. There is a need for regulations that o Similar to the LEED -certification

will provide directly financial advantages
for energy-efficient buildings, taking into
account practices from other countries.

. The requirement for the use of
renewable energy in buildings, currently
set at a minimum of 10% in 2025, could be
gradually increased in accordance with the
latest regulations.

. The exemption for buildings rented
out as residential under Article 21 of the
Income Tax Law could be extended and
amended to include energy-efficient
buildings by expanding its scope and

limits.

system, VAT reductions could be applied
for the use of regional materials in
construction, and insurance discounts
could be provided for employing local
workers.

o Individuals undertaking or owning
the construction of energy-efficient
buildings can benefit from exemptions
provided for buildings constructed under
Investment Incentive Certificates.

o Under the Real Estate Tax Law No.
1319, tax reductions, exemptions, and tax
credits for energy-efficient buildings could
be introduced by considering the practices
of other countries.
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. To encourage compliance with
energy efficiency improvements,
disincentives such as carbon taxes could be
applied to those who do not meet
established standards. Additionally, higher
rates of environmental and cleanliness
taxes could be applied to non-compliant

parties.

J The exemptions provided for
buildings constructed under the Investment
Incentive Certificate could be extended to
individuals involved in the construction of

energy-efficient buildings.

J In technology development zones,
the incentives for the exemption of income
from software and R&D activities could
also be applied to energy-efficient building
construction to promote sustainable

buildings.

° Under the Value Added Tax Law,
VAT exemptions could be granted on new
machinery and equipment used for R&D,
innovation, and design activities related to
energy-efficient building construction,
which would further encourage energy-
efficient building investments.

o Other potential incentives include
providing tax relief on energy, water, and
renewable resources for projects that use
them efficiently, reducing environmental
and cleanliness taxes for projects that
recycle waste materials, VAT exemptions
on energy sources and equipment used in
construction, applying low or no tax on
imported building materials, income and
corporate tax reductions for investors, and
workforce

providing support  for

construction projects.
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. A key point in tax incentives is that
these incentives must be sustainable and

applicable in the long term.

6. Conclusion
This paper presents an in-depth
comparative analysis of the financial and
tax incentives available for energy-
efficient buildings in Tiirkiye and across
the globe. It emphasizes the growing
significance of adopting energy-efficient
building practices as a means of addressing
climate change and supporting sustainable
development goals. While numerous
developed countries provide a wide range
of incentives, such as subsidies, tax
exemptions, low-interest loans, and grants,
Tiirkiye has made commendable progress
in promoting energy-efficient building
practices through similar measures, though

some challenges remain.

Developed countries like Germany, Spain,
and Canada have implemented extensive
financial mechanisms to advance energy-
efficient buildings, aligning these efforts
with broader climate policies. In contrast,
Tiirkiye is gradually increasing its support
in this area. The results indicate that the
success of these incentives is not only
influenced by their diversity and
accessibility but also by the degree of
awareness and active participation from

both governmental and private sectors.

For Tiirkiye to further promote sustainable
construction, it could benefit from
expanding its financial incentives,
introducing more robust tax incentives, and
ensuring better synchronization between
public policy and industry requirements.

As energy-efficient building practices
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continue to develop, it is crucial for
policymakers worldwide to collaborate and
exchange knowledge in order to establish a
conducive environment for sustainable

construction.

In conclusion, this paper highlights the
importance of sustained investment in
financial and tax incentives as key drivers
for energy-efficient building adoption. By
improving the accessibility and breadth of
these incentives, countries can accelerate
their transition to a more sustainable and
environmentally-friendly built

environment.
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