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Standardy ile Antalya Ornegi
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Abstract: Large scale buildings require significant energy for heating, cooling, lighting, and continuous
ventilation. Overall energy efficiency can be significantly improved in these complex buildings by minimizing
heat losses and proactively reducing energy demand. To minimize operational energy consumption, this study
systematically analyzes key efficiency factors according to the Turkish TS 825 thermal insulation standard.
Focusing specifically on the thermodynamic behavior of large-volume structures, a single-volume indoor pool
in Antalya, Turkey (a typical Mediterranean climate) was examined as a case study. Results indicate that
increased floor height significantly exacerbates total energy demand, particularly during the peak summer
months. It has been found that proper insulation in both winter and summer months is the most critical feature
in ensuring optimal energy efficiency. Specifically, optimizing insulation thickness resulted in substantial
energy savings ranging from 68% to 89.5% depending on the material type used. Furthermore, reducing the
floor height from 23 m to 10 m in winter decreased energy consumption by approximately 78% in adequately
insulated structures. It should be noted that although these quantitative findings are specific to the
microclimatic conditions of Antalya and single-volume pool structures, they strongly highlight the critical role
of volume management and insulation in similar large-scale Mediterranean buildings.
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Oz: Biiyiik 6lcekli yapilar 1s1tma, sogutma, aydinlatma ve kesintisiz havalandirma icin ciddi miktarda enerjiye
ihtiya¢c duymaktadir. Bu karmasik binalarda genel enerji verimliligi, 1s1 kayiplarinin asgariye indirilmesi ve
enerji talebinin proaktif olarak diisiiriilmesiyle énemli dlgiide iyilestirilebilir. Isletme dénemi enerji tiiketimini
en aza indirmek amactyla bu calismada, temel verimlilik faktorleri TS 825 Is1 Yaliim Kurallar: standardina
uygun olarak sistematik bir bicimde analiz edilmistir. Dogrudan biiyiik 6lcekli yapilarin termodinamik
davranisina odaklanilarak, tipik bir Akdeniz iklimine sahip Antalya'daki biiyiik hacimli bir kapali yiizme
havuzu 6rnek bir vaka galigmasi olarak incelenmistir. Sonuglar kat yiiksekligindeki artisin, 6zellikle sicaklarin
en fazla oldugu yaz aylarinda toplam enerji talebini belirgin sekilde artirdigint gostermektedir. Hem kis hem
de yaz aylarinda dogru yalitim uygulamalarinin, optimum enerji verimliligini saglamada en kritik unsur oldugu
tespit edilmistir. Spesifik olarak, yalitim kalinliginin optimize edilmesi, kullanilan malzeme tiiriine bagli olarak
%68 ila %89,5 arasinda degisen 6nemli enerji tasarruflar: saglamistir. Ek olarak yeterli yalitima sahip yapilarda
kat yiiksekliginin kig aylarinda 23 metreden 10 metreye diisiiriilmesinin, enerji tiiketimini yaklasik %78
oraninda azaltti§1 goriilmiistiir. Bu nicel bulgularin Antalya'nin mikroklima kosullarina ve biiytik 6l¢ekli havuz
yapilarina 6zgili oldugu dikkate alinmalidir. Bununla birlikte elde edilen sonuglar, benzer biiyiik 6lcekli
Akdeniz binalarmda hacim yonetimi ile yalitimin énemli olan roliinii gii¢lii bir big¢imde vurgulamaktadir.

Anahtar Kelimeler: Pencere-duvar oranit (PDO), Enerji verimliligi, Enerji Etkin Yap:1 Tasarimi, Enerji
performansi, TS 825
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Structured Abstract:

This study aims to evaluate and optimise energy efficiency in large-scale, single-volume indoor pools
located in the Mediterranean climate by systematically analysing key efficiency factors according to the TS
825 thermal insulation standard. Energy consumption continues to escalate globally due to population growth
and technological advancement, driving increases in CO: emissions, global warming, and climate change. The
building sector is a major contributor to this ecological strain, accounting for 20% to 40% of total energy
consumption in developing countries and up to 40% in developed nations. While extensive research focuses
on residential energy efficiency or building retrofits within the framework of Nearly Zero-Energy Buildings
(NZEB), there remains a critical gap in the current literature regarding the specific thermodynamic challenges
of large-volume indoor pools. In such complex, large-scale structures, significant operational energy is required
for continuous heating, cooling, lighting, and ventilation. The concept of structural volume management and
its interplay with building envelope insulation in hot climates is often overlooked or addressed only
superficially. Therefore, this study proposes a systematic parametric evaluation model to document and analyse
the specific impacts of spatial dimensions and material choices, aiming to dramatically reduce operational
energy consumption and highlight efficient design strategies for sustainable public architecture.

The research methodology is grounded in an empirical case study of the Muratpasa Municipality's
Stileyman Erol Olympic Swimming Pool located in Antalya, Turkey. Antalya exhibits a characteristic
Mediterranean climate and is officially classified as the 1st Degree-Day Region under the TS 825 standard,
featuring an average annual outdoor temperature of 17.7°C, while indoor pool environments require constant
temperatures between 24°C and 28°C. The selected reference building features a total indoor construction area
of approximately 9,000 m?, with a clear floor-to-ceiling height varying between 7 and 15 metres depending on
its specific roof truss structure. Its existing envelope heavily relies on a main daylight source from the south-
facing facade with a window-to-wall ratio (WWR) of roughly 85%, while the east and west facades maintain
a 15% WWR. The baseline structure currently lacks any specific thermal insulation. Using this geometry as a
foundational baseline, the study extrapolates various hypothetical scenarios to comprehensively assess the
thermodynamic behaviour of varying building scales and proportions.

To generate robust comparative data, the parametric study tested multiple independent variables in
isolation. Instead of analysing a single fixed geometry, the computational model tested three distinct floor
areas—S8,000 m?, 4,800 m?, and 2,800 m>—to represent large, medium, and small-scale Olympic pool
typologies. Concurrently, to analyse the critical impact of vertical volume on heat accumulation and thermal
stratification, three uniform clear heights were systematically tested: 23 metres, 15 metres, and 10 metres.
Furthermore, two primary building envelope scenarios were established: "Good Insulation" and "Poor
Insulation". The "Good Insulation" scenario represents a highly optimised envelope aligning with Passive
House standards, utilising 20 cm thick expanded polystyrene (EPS), extruded polystyrene (XPS), and
polyurethane (PUR) to aggressively reduce the thermal transmittance (U-value) of external walls and roofs to
approximately 0.11 - 0.14 W/m?K. Conversely, the "Poor Insulation" baseline represents uninsulated
conventional construction typical of older public buildings in the region, exhibiting significantly higher U-
values of around 1.80 - 2.00 W/m?K for walls and 1.50 - 1.80 W/m?K for roofs. The steady-state energy
efficiency calculations were executed using a custom parametric computational model developed in Microsoft
Excel and MATLAB. Rather than employing commercial dynamic thermal simulation software, the energy
demands were calculated strictly based on the mathematical formulations and thermal resistance principles
dictated by the 2013 revision of the TS 825 standard. Heat flow densities, average thermal resistances, and
annual heating energy needs were calculated using established steady-state equations. The climate and monthly
average outdoor temperature data were directly extracted from the generic meteorological tables provided in
the TS 825 Annexes. During the computational process, external climate data, building orientation, and the
indoor set temperature (maintained at 26°C) were held constant as control variables, allowing the model to
clearly identify the individual thermodynamic impact of clear floor height, total floor area, insulation quality,
and window-to-wall ratio on the overall thermal load.

The findings of the research are grouped into distinct comparative categories, the first of which
addresses the relationship between insulation use and floor height. The data reveals that thermal insulation is
the most critical factor in mitigating energy consumption, capable of reducing annual fuel consumption and
emissions by 68% to 89.5% depending on the specific insulation material applied. When evaluating floor
heights in winter months, reducing the height from 23 metres to 10 metres in an adequately insulated structure
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decreased energy consumption by approximately 78%. Notably, the synergy between vertical volume and
insulation is profound; a space with a 10-metre height utilising good insulation consumes 4.5 times less energy
than an uninsulated counterpart. This ratio shifts to 3.7 times lower for 15-metre heights and 3.1 times lower
for 23-metre heights, demonstrating that increased floor height significantly exacerbates the total energy
demand. The highest energy requirements were universally observed in January, while May presented the
lowest demand due to naturally balanced indoor and outdoor temperatures. The second category of findings
examines the relationship between insulation and total spatial area. By keeping the floor area constant at 8,000
m?, transitioning from poor to good insulation leads to a consistent decrease in annual energy demand by
approximately 75%. Conversely, when keeping insulation constant at a highly optimised level, reducing the
floor area from 8,000 m? to 2,800 m? results in a 40% decrease in heating load. In winter, the energy need of
an 8,000 m? space decreases by approximately 62% when upgrading from poor to good building element
insulation, and this reduction reaches 63.2% for a smaller 2,800 m? space. The data proves that while spatial
reduction provides linear and significant efficiency gains, optimising thermal insulation remains the primary
driver of total energy savings, bearing the most substantial impact on seasonal performance variations. The
third and fourth categories address the window-to-wall ratio and the thermodynamic properties of different
glazing types. The findings show that decreasing the WWR yields only marginal efficiency improvements
compared to structural changes. For example, in a building with a 23-metre floor height, shifting from a 90%
WWR to a 10% WWR improves energy efficiency by approximately 5.8%. This efficiency difference further
diminishes as the floor height decreases, dropping to 5.4% for a 15-metre height and 4.9% for a 10-metre
height. Regarding glazing properties, changing from single to double glazing on a minimal 10% WWR facade
impacts energy needs by a mere 0.7%, whereas on an expansive 90% WWR facade, the difference jumps to
5.8%. Comparing double to triple glazing yields even smaller performance margins: a 0.3% difference for
small windows and a 2.7% difference for large windows. Consequently, while single-glazing on a 90% facade
causes the most severe heat loss in winter, architectural volume optimisation proves to be a far more powerful
strategy than minimising window ratios in this specific climate zone.

Ultimately, the results of the research reveal that transferring systematic, standard-based ecological
and thermodynamic data into the architectural design phase provides crucial contributions to large-scale facility
planning. The study demonstrates that while decreasing WWR provides marginal gains, aggressive volume
reduction strategies and the integration of robust thermal insulation are strictly imperative for large public
buildings in the Mediterranean. Unlike traditional residential structures, the "shape factor" or vertical volume
in large sports facilities acts as a highly competitive variable against material thermal resistance. Although the
steady-state analysis inherently faces limitations by omitting latent heat loads, water evaporation dynamics,
and dynamic HVAC efficiencies, it firmly establishes a foundational methodological framework for achieving
Net-Zero Energy Building (NZEB) objectives. By prioritising optimised insulation and strategically
maintaining floor heights around 10 to 15 metres, future projects can achieve maximum operational cost
reductions, limit greenhouse gas emissions, and maintain superior user comfort throughout the building's
lifecycle.

Keywords: Wall window ratio (WWR), energy-efficient, efficient design strategies, energy
performance, TS 825.
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Résumé Structuré:

Cette étude vise a évaluer et a optimiser I’efficacité énergétique des piscines couvertes a grand volume
situées dans des régions au climat méditerranéen, en analysant systématiquement les facteurs clés d’efficacité
conformément a la norme d’isolation thermique TS 825. La consommation d’énergie continue d’augmenter a
I’échelle mondiale en raison de la croissance démographique et des progrés technologiques, ce qui entraine
une hausse des émissions de CO2, le réchauffement climatique et le changement climatique. Le secteur du
batiment contribue fortement a cette pression écologique, représentant entre 20 % et 40 % de la consommation
totale d’énergie dans les pays en développement et jusqu’a 40 % dans les pays développés. Alors que de
nombreuses recherches se concentrent sur I’efficacité énergétique résidentielle ou la rénovation des batiments
dans le cadre des batiments a consommation d’énergie quasi nulle (NZEB), il subsiste une lacune importante
dans la littérature actuelle concernant les défis thermodynamiques spécifiques aux piscines couvertes de grand
volume. Dans ces structures complexes et de grande envergure, une énergie d’exploitation importante est
nécessaire pour assurer en continu le chauffage, le refroidissement, 1’éclairage et la ventilation. Le concept de
gestion du volume structurel et son interaction avec ’isolation de 1’enveloppe du batiment dans les climats
chauds est souvent négligé ou abordé de maniére superficielle. Par conséquent, cette étude propose un modéle
d’évaluation paramétrique systématique visant & documenter et a analyser les impacts spécifiques des
dimensions spatiales et des choix de matériaux, dans le but de réduire considérablement la consommation
d’énergie d’exploitation et de mettre en évidence des stratégies de conception efficaces pour une architecture
publique durable.

La méthodologie de recherche s’appuie sur une étude de cas empirique portant sur la piscine
olympique Siileyman Erol de la municipalité de Muratpasa, située a Antalya, en Turquie. Antalya présente un
climat méditerranéen caractéristique et est officiellement classée dans la région de ler degré-jour selon la
norme TS 825, avec une température extérieure annuelle moyenne de 17,7 °C, tandis que les environnements
des piscines couvertes nécessitent des températures constantes comprises entre 24 °C et 28 °C. Le batiment de
référence sélectionné présente une surface de construction intérieure totale d’environ 9 000 m?, avec une
hauteur libre au sol variant entre 7 et 15 meétres en fonction de la structure spécifique de sa charpente. Son
enveloppe existante repose largement sur une source principale de lumiére naturelle provenant de la fagade
orientée au sud, avec un rapport fenétre/mur (WWR) d’environ 85 %, tandis que les facades est et ouest
présentent un WWR de 15 %. La structure de référence ne dispose actuellement d’aucune isolation thermique
spécifique. En utilisant cette géométrie comme base de référence, 1’étude extrapole divers scénarios
hypothétiques afin d’évaluer de manicre exhaustive le comportement thermodynamique de batiments de
différentes échelles et proportions.
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Afin de générer des données comparatives fiables, 1’étude paramétrique a testé plusieurs variables
indépendantes de manicre isolée. Au lieu d’analyser une seule géométrie fixe, le modéle de calcul a testé trois
surfaces au sol distinctes — 8 000 m?, 4 800 m? et 2 800 m? — pour représenter des typologies de piscines
olympiques a grande, moyenne et petite échelle. Parallélement, afin d’analyser I’impact déterminant du volume
vertical sur ’accumulation de chaleur et la stratification thermique, trois hauteurs libres uniformes ont été
systématiquement testées : 23 métres, 15 métres et 10 métres. De plus, deux scénarios principaux d’enveloppe
du batiment ont été définis : « Bonne isolation » et « Mauvaise isolation ». Le scénario « Bonne isolation »
correspond a une enveloppe hautement optimisée, conforme aux normes « Maison passive », utilisant du
polystyréne expansé (EPS), du polystyréne extrudé (XPS) et du polyuréthane (PUR) d’une épaisseur de 20 cm
afin de réduire de maniére significative la transmittance thermique (valeur U) des murs extérieurs et des toitures
a environ 0,11 - 0,14 W/m2K. A I’inverse, le scénario de référence « Mauvaise isolation » correspond a une
construction conventionnelle non isolée, typique des anciens batiments publics de la région, présentant des
valeurs U nettement plus élevées, comprises entre environ 1,80 et 2,00 W/m?K pour les murs et entre 1,50 et
1,80 W/m?K pour les toitures. Les calculs d’efficacité énergétique en régime permanent ont été effectués a
I’aide d’un mod¢le de calcul paramétrique sur mesure développé sous Microsoft Excel et MATLAB. Plutot
que d’utiliser un logiciel commercial de simulation thermique dynamique, les besoins énergétiques ont été
calculés strictement sur la base des formulations mathématiques et des principes de résistance thermique dictés
par la révision de 2013 de la norme TS 825. Les densités de flux thermique, les résistances thermiques
moyennes et les besoins annuels en énergie de chauffage ont été calculés a 1’aide d’équations établies en régime
permanent. Les données climatiques et les températures extérieures moyennes mensuelles ont été directement
extraites des tableaux météorologiques génériques fournis dans les annexes de la norme TS 825. Au cours du
processus de calcul, les données climatiques externes, 1’orientation du batiment et la température intérieure de
consigne (maintenue a 26 °C) ont été¢ maintenues constantes en tant que variables de contrdle, ce qui a permis
au modéle d’identifier clairement I’impact thermodynamique individuel de la hauteur libre sous plafond, de la
surface totale au sol, de la qualité de 1’isolation et du rapport fenétre/mur sur la charge thermique globale.

Les résultats de la recherche sont regroupés en différentes catégories comparatives, dont la premiére
porte sur la relation entre 1’utilisation de I’isolation et la hauteur sous plafond. Les données révélent que
I’isolation thermique est le facteur le plus déterminant pour réduire la consommation d’énergie, puisqu’elle
permet de diminuer la consommation annuelle de combustible et les émissions de 68 % a 89,5 % selon le
matériau isolant utilisé. Lors de 1’évaluation des hauteurs sous plafond pendant les mois d’hiver, la réduction
de la hauteur de 23 meétres a 10 métres dans une structure correctement isolée a permis de diminuer la
consommation d’énergie d’environ 78 %. Il convient de noter que la synergie entre le volume vertical et
I’isolation est considérable : un espace de 10 métres de hauteur bénéficiant d’une bonne isolation consomme
4,5 fois moins d’énergie qu’un espace équivalent non isolé. Ce rapport passe a 3,7 fois moins pour une hauteur
de 15 métres et a 3,1 fois moins pour une hauteur de 23 métres, ce qui démontre qu’une hauteur de plafond
plus importante augmente considérablement la demande énergétique totale. Les besoins énergétiques les plus
¢élevés ont été observés de maniére générale en janvier, tandis que le mois de mai a présenté la demande la plus
faible en raison d’un équilibre naturel entre les températures intérieures et extérieures. La deuxiéme catégorie
de résultats examine la relation entre 1’isolation et la surface totale. En maintenant la surface au sol constante
a 8 000 m?, le passage d’une isolation médiocre a une bonne isolation entraine une diminution constante de la
demande énergétique annuelle d’environ 75 %. A I’inverse, en conservant I’isolation a un niveau hautement
optimisé, la réduction de la surface au sol de 8 000 m? a 2 800 m? se traduit par une diminution de 40 % de la
charge de chauffage. En hiver, les besoins énergétiques d’un espace de 8 000 m? diminuent d’environ 62 %
lorsque I’isolation des éléments de construction passe de médiocre a bonne, et cette réduction atteint 63,2 %
pour un espace plus petit de 2 800 m2 Les données démontrent que, si la réduction de la surface offre des gains
d’efficacité linéaires et significatifs, 1’optimisation de 1’isolation thermique reste le principal facteur de
économies d’énergie totales, avec I’impact le plus important sur les variations saisonnieres de performance.
Les troisieme et quatrieme catégories portent sur le rapport fenétre/mur et les propriétés thermodynamiques
des différents types de vitrages. Les résultats montrent que la diminution du rapport fenétre/mur n’apporte que
des améliorations marginales en termes d’efficacité par rapport aux modifications structurelles. Par exemple,
dans un batiment d’une hauteur sous plafond de 23 meétres, le passage d’un rapport fenétres/murs de 90 % a 10
% améliore I’efficacité énergétique d’environ 5,8 %. Cette différence d’efficacité diminue encore a mesure que
la hauteur sous plafond diminue, tombant a 5,4 % pour une hauteur de 15 métres et a 4,9 % pour une hauteur
de 10 métres. En ce qui concerne les propriétés du vitrage, le passage du simple au double vitrage sur une
facade présentant un WWR minimal de 10 % n’a qu’un impact de 0,7 % sur les besoins énergétiques, tandis
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que sur une facade 8 WWR ¢élevé de 90 %, la différence grimpe a 5,8 %. La comparaison entre le double et le
triple vitrage révéle des écarts de performance encore plus faibles : une différence de 0,3 % pour les petites
fenétres et de 2,7 % pour les grandes fenétres. Par conséquent, alors que le simple vitrage sur une facade a 90
% de WWR entraine les pertes thermiques les plus importantes en hiver, I’optimisation du volume architectural
s’avere étre une stratégie bien plus efficace que la réduction du rapport de vitrage dans cette zone climatique
spécifique.

En fin de compte, les résultats de cette recherche révélent que I’intégration de données écologiques et
thermodynamiques systématiques et fondées sur des normes dés la phase de conception architecturale apporte
une contribution cruciale a la planification d’installations a grande échelle. L’étude démontre que, si la
réduction du WWR n’apporte que des gains marginaux, des stratégies agressives de réduction de volume et
I’intégration d’une isolation thermique robuste sont absolument indispensables pour les grands batiments
publics en Méditerranée. Contrairement aux structures résidentielles traditionnelles, le « facteur de forme »,
c’est-a-dire le volume vertical, dans les grandes installations sportives agit comme une variable hautement
compétitive face a la résistance thermique des matériaux. Bien que I’analyse en régime permanent soit
intrinséquement limitée par 1’omission des charges de chaleur latente, de la dynamique d’évaporation de 1’eau
et des rendements dynamiques des systémes de chauffage, de ventilation et de climatisation (CVC), elle établit
fermement un cadre méthodologique fondamental pour atteindre les objectifs des batiments & consommation
énergétique nette zéro (NZEB). En privilégiant une isolation optimisée et en maintenant stratégiquement les
hauteurs sous plafond entre 10 et 15 métres, les futurs projets pourront réduire au maximum les cofts
d’exploitation, limiter les émissions de gaz a effet de serre et garantir un confort optimal aux utilisateurs tout
au long du cycle de vie du batiment.

Mots-clés : rapport mur/fenétre (WWR), efficacité énergétique, stratégies de conception efficaces,
performance énergétique, TS 825.

Resumen Estructurado:

El objetivo de este estudio es evaluar y optimizar la eficiencia energética en piscinas cubiertas de gran
tamafio y de un solo volumen situadas en zonas de clima mediterraneo, mediante el analisis sistematico de los
factores clave de eficiencia segin la norma de aislamiento térmico TS 825. El consumo energético sigue
aumentando a nivel mundial debido al crecimiento demografico y al avance tecnoldgico, lo que provoca un
incremento de las emisiones de COz, el calentamiento global y el cambio climatico. El sector de la construccion
es uno de los principales responsables de esta presion ecoldgica, ya que representa entre el 20 % y el 40 % del
consumo energético total en los paises en desarrollo y hasta el 40 % en los paises desarrollados. Si bien
numerosas investigaciones se centran en la eficiencia energética residencial o en la rehabilitacion de edificios
en el marco de los edificios de consumo energético casi nulo (NZEB), sigue existiendo una laguna importante
en la bibliografia actual en lo que respecta a los retos termodinamicos especificos de las piscinas cubiertas de
gran volumen. En estructuras tan complejas y a gran escala, se requiere una cantidad significativa de energia
operativa para la calefaccion, la refrigeracion, la iluminacion y la ventilacion continuas. El concepto de gestion
del volumen estructural y su interaccion con el aislamiento de la envolvente del edificio en climas calidos suele
pasarse por alto o abordarse solo de forma superficial. Por lo tanto, este estudio propone un modelo de
evaluacion paramétrica sistematica para documentar y analizar los impactos especificos de las dimensiones
espaciales y la eleccion de materiales, con el objetivo de reducir drasticamente el consumo de energia operativa
y destacar estrategias de disefio eficientes para una arquitectura publica sostenible.

La metodologia de investigacion se basa en un estudio de caso empirico de la piscina olimpica
Siileyman Erol, del municipio de Muratpasa, situada en Antalya (Turquia). Antalya presenta un clima
mediterraneo caracteristico y esta clasificada oficialmente como region de primer grado-dia segtin la norma TS
825, con una temperatura media anual exterior de 17,7 °C, mientras que los entornos de las piscinas cubiertas
requieren temperaturas constantes entre 24 °C y 28 °C. El edificio de referencia seleccionado cuenta con una
superficie total construida interior de aproximadamente 9 000 m?, con una altura libre entre el suelo y el techo
que varia entre 7 y 15 metros, dependiendo de la estructura especifica de las vigas del tejado. Su envolvente
actual depende en gran medida de una fuente principal de luz natural procedente de la fachada orientada al sur,
con una relacion ventana-pared (WWR) de aproximadamente el 85 %, mientras que las fachadas este y oeste
mantienen una WWR del 15 %. La estructura de referencia carece actualmente de cualquier aislamiento térmico
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especifico. Utilizando esta geometria como base de referencia, el estudio extrapola diversos escenarios
hipotéticos para evaluar de forma exhaustiva el comportamiento termodindmico de diferentes escalas y
proporciones del edificio.

Para generar datos comparativos soélidos, el estudio paramétrico analizd6 multiples variables
independientes de forma aislada. En lugar de analizar una tinica geometria fija, el modelo computacional evalud
tres superficies de planta distintas —8 000 m?, 4 800 m? y 2 800 m>— para representar tipologias de piscinas
olimpicas a gran, mediana y pequefia escala. Al mismo tiempo, para analizar el impacto critico del volumen
vertical en la acumulacion de calor y la estratificacion térmica, se probaron sistematicamente tres alturas libres
uniformes: 23 metros, 15 metros y 10 metros. Ademas, se establecieron dos escenarios principales para la
envolvente del edificio: «Buen aislamiento» y «Mal aislamiento». El escenario de «buen aislamiento»
representa una envolvente altamente optimizada que se ajusta a los estandares de Casa Pasiva, utilizando
poliestireno expandido (EPS), poliestireno extruido (XPS) y poliuretano (PUR) de 20 cm de espesor para
reducir drasticamente la transmitancia térmica (valor U) de las paredes exteriores y los tejados hasta
aproximadamente 0,11-0,14 W/m2K. Por el contrario, la referencia de «aislamiento deficiente» representa una
construccion convencional sin aislamiento, tipica de los edificios publicos mas antiguos de la region, que
presenta valores U significativamente mas elevados, de entre 1,80 y 2,00 W/m?K para las paredes y de entre
1,50y 1,80 W/m?K para los tejados. Los calculos de eficiencia energética en régimen estacionario se realizaron
utilizando un modelo computacional paramétrico personalizado desarrollado en Microsoft Excel y MATLAB.
En lugar de emplear software comercial de simulacion térmica dindmica, las demandas energéticas se
calcularon basandose estrictamente en las formulaciones matematicas y los principios de resistencia térmica
establecidos por la revision de 2013 de la norma TS 825. Las densidades de flujo de calor, las resistencias
térmicas medias y las necesidades anuales de energia para calefaccion se calcularon utilizando ecuaciones
establecidas para el régimen estacionario. Los datos climaticos y de temperatura exterior media mensual se
extrajeron directamente de las tablas meteoroldgicas genéricas proporcionadas en los anexos de la norma TS
825. Durante el proceso de calculo, los datos climaticos externos, la orientacion del edificio y la temperatura
interior fijada (mantenida a 26 °C) se mantuvieron constantes como variables de control, lo que permitié al
modelo identificar claramente el impacto termodindmico individual de la altura libre del suelo, la superficie
total de suelo, la calidad del aislamiento y la relacién ventana-pared sobre la carga térmica global.

Los resultados de la investigacion se agrupan en distintas categorias comparativas, la primera de las
cuales aborda la relacion entre el uso del aislamiento y la altura del forjado. Los datos revelan que el aislamiento
térmico es el factor mas determinante a la hora de mitigar el consumo energético, ya que es capaz de reducir
el consumo anual de combustible y las emisiones entre un 68 % y un 89,5 %, dependiendo del material aislante
especifico aplicado. Al evaluar las alturas de los forjados en los meses de invierno, reducir la altura de 23 a 10
metros en una estructura adecuadamente aislada disminuy¢ el consumo de energia en aproximadamente un 78
%. Cabe destacar que la sinergia entre el volumen vertical y el aislamiento es profunda; un espacio de 10 metros
de altura que utilice un buen aislamiento consume 4,5 veces menos energia que uno sin aislar. Esta relacion se
reduce a 3,7 veces menos para alturas de 15 metros y a 3,1 veces menos para alturas de 23 metros, lo que
demuestra que el aumento de la altura del suelo agrava significativamente la demanda energética total. Las
mayores necesidades energéticas se observaron de forma generalizada en enero, mientras que mayo presento
la menor demanda debido al equilibrio natural entre las temperaturas interiores y exteriores. La segunda
categoria de resultados examina la relacion entre el aislamiento y la superficie total. Manteniendo la superficie
constante en 8 000 m?, pasar de un aislamiento deficiente a uno adecuado conlleva una disminucién constante
de la demanda energética anual de aproximadamente el 75 %. Por el contrario, cuando se mantiene el
aislamiento constante a un nivel altamente optimizado, reducir la superficie de 8 000 m? a 2 800 m? da lugar a
una disminucion del 40 % en la carga de calefaccion. En invierno, la necesidad energética de un espacio de 8
000 m? disminuye en aproximadamente un 62 % al pasar de un aislamiento deficiente a uno adecuado de los
elementos constructivos, y esta reduccion alcanza el 63,2 % en un espacio mas pequefio de 2 800 m?. Los datos
demuestran que, si bien la reduccion de la superficie proporciona mejoras lineales y significativas en la
eficiencia, la optimizacion del aislamiento térmico sigue siendo el principal factor de ahorro energético total,
ya que es lo que tiene un impacto mas sustancial en las variaciones estacionales del rendimiento. La tercera y
cuarta categorias abordan la relacion ventana-pared y las propiedades termodinamicas de los diferentes tipos
de acristalamiento. Los resultados muestran que la disminucién de la relacion ventana-pared (WWR) solo
aporta mejoras marginales en la eficiencia en comparacion con los cambios estructurales. Por ejemplo, en un
edificio con una altura de planta de 23 metros, pasar de una relacion ventana-pared del 90 % a una del 10 %
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mejora la eficiencia energética en aproximadamente un 5,8 %. Esta diferencia de eficiencia se reduce atin mas
a medida que disminuye la altura de planta, cayendo al 5,4 % para una altura de 15 metros y al 4,9 % para una
altura de 10 metros. En cuanto a las propiedades del acristalamiento, pasar de un acristalamiento simple a uno
doble en una fachada con un WWR minimo del 10 % influye en las necesidades energéticas en apenas un 0,7
%, mientras que en una fachada extensa con un WWR del 90 %, la diferencia se eleva al 5,8 %. La comparacion
entre el acristalamiento doble y el triple arroja margenes de rendimiento ain menores: una diferencia del 0,3
% para ventanas pequeiias y del 2,7 % para ventanas grandes. En consecuencia, aunque el acristalamiento
simple en una fachada con un 90 % de WWR provoca la pérdida de calor mas grave en invierno, la optimizacion
del volumen arquitectonico resulta ser una estrategia mucho mas eficaz que minimizar la proporcion de
ventanas en esta zona climatica especifica.

En ultima instancia, los resultados de la investigacion revelan que la incorporacion de datos ecoldgicos
y termodinamicos sistematicos y basados en normas a la fase de disefio arquitectonico aporta contribuciones
cruciales a la planificacion de instalaciones a gran escala. El estudio demuestra que, si bien la reduccién de la
relacion ventana-pared (WWR) proporciona beneficios marginales, las estrategias agresivas de reduccion de
volumen y la integracion de un aislamiento térmico robusto son estrictamente imprescindibles para los grandes
edificios publicos en el Mediterraneo. A diferencia de las estructuras residenciales tradicionales, el «factor de
forma» o volumen vertical en las grandes instalaciones deportivas actia como una variable altamente
competitiva frente a la resistencia térmica de los materiales. Aunque el analisis en estado estacionario se
enfrenta inherentemente a limitaciones al omitir las cargas de calor latente, la dindmica de la evaporacion del
aguay las eficiencias dindmicas de los sistemas de climatizacion, establece firmemente un marco metodologico
fundamental para alcanzar los objetivos de los edificios de energia neta cero (NZEB). Al dar prioridad a un
aislamiento optimizado y mantener estratégicamente las alturas de los forjados entre 10 y 15 metros, los
proyectos futuros podran lograr la maxima reduccion de los costes operativos, limitar las emisiones de gases
de efecto invernadero y mantener un confort superior para los usuarios a lo largo de todo el ciclo de vida del
edificio.

Palabras clave: Relacion pared-ventana (WWR), eficiencia energética, estrategias de disefio
eficientes, rendimiento energético, TS 825.
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CPEII3eMHOMOPCKHAM KIIMAaTOM, ITyTeM CHCTEMAaTHYECKOTO aHaJII3a KIIFOYEBHIX (haKTOPOB APPEKTHBHOCTH B
COOTBETCTBUH CO cTaHAapToM Terutom3oisauu TS 825. TloTpebnenne SHEPTUH BO BCEM MHUPE MPOJOIDKACT
pacTy BCIEICTBHE POCTA HACENICHHS M TEXHOJIOTHIECKOTO IIPOTpecca, YTO MPUBOAUT K YBEITMUCHHUIO BEIOPOCOB
COz, Tmo6anbHOMY TOTEIUICHHUIO M NI3MEHEHHIO KitnMaTa. CTPOUTENLHBIN CEKTOP BHOCUT 3HAYUTEIHHBINA BKJIA]T
B 3TY JKOJIOTHYECKYIO HAarpy3Ky, Ha ero moito npuxoautcs ot 20 % mo 40 % obmero saepromoTpedIcHns B
pa3BuBaromuxcs crpanax u 10 40 % B pa3BHTHIX CTpaHax. XOTs OOUIMPHBIC UCCIIEAOBAHHS COCPEIOTOUCHEI
Ha SHEProd(PPEeKTHBHOCTU SKWIBIX 3JaHUM WIM MOJCPHH3AIMU 3[aHUM B paMKaxX KOHICIIMHM 3JaHUN C
MPaKTUYEeCKH HyJeBbIM 3HepromoTpednenneM (NZEB), B coBpeMeHHON muTeparype MO-NPEKHEMY
CYIIECTBYET CEpPbE3HBIN MPOOEIT B OTHOIICHHH CIIEH(PUIECKUX TEPMOIUHAMHYECKUX MPOOIIEM, CBSI3aHHBIX C
KPBITBIMU OacceiiHaMu 0OJbIIOr0 00beMa. B TakMX CIOXKHBIX KPYMHOMACIITAOHBIX COOPYXKCHHSX JUIS
HETPEPHIBHOTO OTOIUICHUS, OXJIAXICHUS, OCBCUICHUS M BCHTHIAIMH TPeOyeTCs 3HAYUTENBHBIA 00BheM
9HEpPruM Ha SKcIulyatanuio. KoHuenuust ynpaBieHHss 00ObEMOM COOpPYXEHHS U €€ B3aUMOJICHCTBHE C
TEIUTOM30JIANKACH OTpaXNAIONINX KOHCTPYKIHH B JKapKOM KIMMAaTe YacTo YIyCKaeTcs W3 BHOY WIH
paccMaTpUBaeTCs JINII MTOBEPXHOCTHO. 1103TOMY B JaHHOM HMCCIICIOBAHNH IIPEIUIAraeTCs] CUCTeMaTHYecKast
MOJIENIb  TAPAMETPUYECKOM ONEHKH MU JOKYMCHTHPOBAaHHWS ¥ aHajdM3a KOHKPETHOTO BIHSHUS
MPOCTPAHCTBEHHBIX Pa3MEpOB W  BBIOOpAa MAaTEpHUANOB C MENBI0  PAJUKAIbHOTO  COKPAICHHUS
SHEPronoTPEOJICHUs] TIPH JKCIUIyaTallid W BhIIENCeHUS S()()EKTUBHBIX CTpATETHH MPOSKTHPOBAHUS IS
YCTOHYNBOW OOIIECTBEHHON apXUTEKTYPHI.

Metononorus uccie0BaHUA OCHOBaHA Ha YMIIMPHUECKOM CIydae — OJIMMIIHUIICKOM IIaBaTeIbHOM
Gacceitne umenn Cyneiimana Opoia MyHHIMnanuTera MypaTnaiia, paclojo)KeHHOM B AHTajbe, TypIius.
AHTaITBsl OTIIMYACTCS XaPAKTEPHBIM CPEAM3EMHOMOPCKUAM KJIMMATOM U O(HUIHAIBEHO KIACCU(DUITUPYETCS Kak
peruoH 1-ii ctenenu no crangapty TS 825, ¢ cpeqHeromoBoii Temmneparypoil HapyxHoro Bo3nyxa 17,7 °C, B
TO BpEMs KaK YCIIOBHsI BHYTPU KPBITBIX 0acCEilHOB TpeOYIOT MOMJCp)KaHUs TMOCTOSHHON TeMIepaTyphl B
muana3oHe ot 24 °C mo 28 °C. BreiOpaHHOe 31aHHE-00BEKT HMCCICIOBAHUS HMEET OOIIYI0 BHYTPEHHIOIO
momaas okoso 9 000 M2, a BEICOTA OT T0JIa JI0 MTOTOJIKA BapbUpyeTcs OT 7 10 15 MEeTpoB B 3aBUCUMOCTH OT
KOHKPETHOH KOHCTPYKIHHU KPOBENBHBIX (epM. CyIecTByIOMAas 000I09Ka 30aHNS B 3HAUUTEIEHON CTEIICHH
3aBHCUT OT OCHOBHOTO HMCTOYHHKAa JHEBHOTO CBETA, MOCTYIAIOIIEro udepe3 (acan, oOpamieHHBIH Ha IOT, C
cooTHoIIeHNeM «okHo/cTeHa» (WWR) mpumepro 85 %, B To BpeMs Kak BOCTOYHBIH W 3amaaHBIN (hacambl
umeroT cootHomenrne WWR 15 %. B 6a30Boif KOHCTPYKIIUH B HACTOSIIEE BpeMs OTCYTCTBYET KaKas-ITHOO
CrieNUalibHasl TeTuon30Jsus. Vcrmonb3yss 3Ty TeOMETpPHI0 B KadecTBe HCXOAHOH 0asbl, B paMKax
WCCIIEIOBaHUS IKCTPANOJIUPYIOTCS Ppa3iUYHble TUMNOTETUYECKUE CIICHAPUH JJII BCECTOPOHHEH OIEHKU
TEPMOJIMHAMHUYECKOTO TTOBEICHHS 3/TAHUI Pa3HBIX MACIITa00B U MPOTOPIIUH.

s monmyueHMs HaAEXHBIX CPaBHUTEIBHBIX JAHHBIX B PAMKax MapaMEeTPHUECKOr0 HMCCIIEIOBAaHUS
OBUIM IO OTIENBHOCTH MPOTECTUPOBAHBI HECKOJIIBKO HE3aBHCHMBIX NEepeMEHHBIX. BMecTo aHamm3a OmHOM
(bUKCHUPOBAHHOM reOMETPUH B pacu€THOI MoeIH OBUIM MIPOTECTUPOBAHBI TPH PA3NUIHBIX TUIONIAAN TTOJa —
8 000 m?, 4 800 m> m 2 800 M*> — s TIPEOCTABICHHUS THITOJNOTHI ONUMITMACKUX 0acCeHHOB OONBIIOTO,
cpeaHero u Majioro Macmraba. OZHOBPEMEHHO, /I aHAIN3a KPUTHIECKOTO BIMSHUS BEPTHKAJILHOTO 00beMa
Ha HaKOIJICHHE TeIUla M TePMHYECKYI0 CTpaTH()UKAIMIO OBUIM CHCTEMAaTHYECKH ITPOTECTUPOBAHBI TPH
OJIMHAKOBEIE BBICOTHI MOTOJNKA: 23 merpa, 15 merpoB u 10 merpoB. Kpome Toro, Obuti pa3paboTaHBI 1Ba
OCHOBHBIX CIEHAPUS OTPAXKAAIOMINX KOHCTPYKIHHN: «X0pOoIIas TEIUION30JIIHs» 1 «I11moxast TeTIon30sius».
Cuenapuit «Xopormas TEIUION30JSIHUA» IPEACTaBIsAeT COOOH BBICOKOONTHMH3HPOBAHHYIO 000JIOUKY,
COOTBETCTBYIOIIYIO cTaHaapTam «llaccuBHOro mgomay», ¢ wucmosib3oBanueM mneHomonuctupona (EPS),
skcTpyaupoBanHoro mosmctupona (XPS) um mommyperana (PUR) Tommmuo#t 20 cM i 3HAYUTENHLHOTO
cHxeHust koddduimenra terwonepenaun (kodpduuuenta U) HapyKHBIX CTEH U Kpbill 10 npumepro 0,11—
0,14 Bt/M?K. Hampotus, 06a3oBbiii creHapuii «[lnoxas TemmoM3OJsIUsS» MpencTaBisier coboit
HEHM30JIMPOBAHHOE TPAIHIIMOHHOE CTPOUTEIHCTBO, THITMYHOE JJIS CTaphIX OOIIECTBEHHBIX 3/JaHUH B PETHOHE,
XapakTepu3yolleecsl 3HaUUTeIbHO Oojiee BBHICOKMMHM 3HaueHHsMH Kodp¢unmenra U — okoso 1,80-2,00
Br/m?K mnst cren n 1,50—1,80 Br/M?K asist kpbimn. Pacyetsl 5HeprospeKTHBHOCTH B CTAIIHOHAPHOM pEKHMeE
ObUTM BBITIOJHEHB C HCIIOJIB30BAaHMEM CHELMATbHOM IapaMeTpUyYeCKOd BBIYMCIUTENEHON MOJEIH,
pa3paborannoit B Microsoft Excel 1 MATLAB. BMecTo ucmons30BaHHsS KOMMEPYECKOTO MIPOrPaMMHOTO
obecrieueHnst sl JUHAMHYECKOTO TEIIOBOIO MOJAEIMPOBAHUS MOTPEOHOCTH B SHEPTUH PACCUMTHIBAINCH
CTPOTO Ha OCHOBE MaTeMaTH4YeCKUX (OpPMyJ M TIPHHIMIIOB TEIUIOBOTO COINPOTHBIICHMS, NMPEANNCAHHBIX
penakmueit ctanmapra TS 825 ot 2013 roma. IIIOTHOCTH TEIUIOBBIX IOTOKOB, CpEIHEE TEIJIOBOE
COTIPOTHBIICHHE W TOAOBasl MOTPEOHOCTH B DHEPTUH I OTOIUICHHS PACCUMTHIBANINCH C HCHOJIB30BAHUEM
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YCTaHOBJICHHBIX YPaBHEHHUII CTAIIMOHAPHOTO peknMa. JlaHHBIE O KIIMMAaTe U CPeIHEMECSIHON TeMIepaType
Hapy>KHOTO BO3/IyXa OBLIN HEITOCPEICTBCHHO B3STHI M3 TUIIOBBIX METEOPOJIOTHUECKUX TaOJIHII, IPHBEICHHBIX
B MPWIOKEHUAX K cTaHmapty TS 825. B Xone pacdyeToB JaHHBIE O BHENTHHX KIUMATHYECCKHX YCIOBHSIX,
OpHEHTAITMs 37aHWs W 3aJaHHAas TeMIlepaTypa BHYTPH MOMeEIIeHus (mojaepxkuBaeMas Ha ypoBHe 26 °C)
OCTaBAJIMCh OCTOSIHHBIMU B Ka4€CTBE KOHTPOJBHBIX IIEPEMEHHBIX, YTO MO3BOJIMIIO MOICTH YETKO OIPEACITIHTh
WHANBUAYAIFHOE TEPMOIMHAMHYECKOE BIMSHUEC BBICOTHI YHCTOW TIEPEKPBITHSA, OOIIEW IIIOMIagy IIoja,
Ka4yeCTBa TEIIOU3OJISINH U COOTHOIICHHUS TUIONIAIA OKOH K IUTIOIIAIN CTCH Ha OOIIYIO TCIUIOBYIO HAIPY3KY.

PesynbTathl HccneaoBaHus CrPyHIUPOBAHBI IO OTJEIBHBIM CPAaBHUTENBHBIM KaTETOPUSIM, TIEpBast U3
KOTOPBIX TMOCBSIIEHA B3aMMOCBS3M MEXIY MHCIIOJIb30BAHUEM TEIUIOU3OJSIIMA U BBICOTOM MEPEKPHITHSI.
JlaHHBIC TOKA3BIBAIOT, YTO TCIUIOM3OJISIIMSA SBISCTCA Haubolice BaXHBIM (DAKTOPOM  CHIDKCHHUS
JHEPronoTpeOJICHHs, CIHOCOOHBIM COKPAaTUTh TOJOBOM pacxojx TOIUIMBAa M BBIOpockl Ha 68—89,5 % B
3aBUCUMOCTH OT KOHKPETHOTO NPHUMEHEHHOTO TEIUIOM3OJAIMOHHOr0 Matepuana. [Ipu olleHKe BBICOTHI
MOTOJIKA B 3MMHUE MECAIBI CHIKEHHE BBICOTHI € 23 10 10 METpOB B 31aHUM C HaAJIe)KAIIEH TETIION30JISIIIEH
MO3BOJIMIIO COKPATUTh 3HepromorpedieHue nmpumepHo Ha 78 %. IlpumedaTensHO, 9TO CHHEPTETHUECKUH
3¢ hexT MexKTy BEpTHKAIEHBIM 00BEMOM W TEIUIOM3OJISAIIECH BEChMa 3HAUHUTENCH: IOMEIIeHIe BEICOTOH 10
METPOB C KAa4eCTBCHHOH TEIUTOM30ILIIUeH moTpediseT B 4,5 paza MEHbIIE SHEPTUH, YeM aHAJIOTHIHOE
MoMeIeHue 6e3 TETUTON30JIAIHN. DTOT KO3(PGUITUSHT CHIXaeTes 10 3,7 pasza mpu BeicoTe 15 meTpoB u 1o 3,1
pasa mmpu BBICOTE 23 MeTpa, YTO CBHACTENBECTBYET O TOM, UYTO YBEIMUEHHE BEICOTHI IIEPEKPHITHS 3HAUUTEIFHO
yCyryomser oOmyr mnoTpeOHOCTh B SHepruu. HaumOomblas MOTPEOHOCTh B JHEPTUM OBCEMECTHO
HaOJIr0/1ajIach B sIHBape, TOT/a KaK B Mae OHa ObLIa caMoOil HU3KO# Oyiaromapsi eCTECTBEHHOMY PaBHOBECHIO
MEXIy TEeMIlepaTypoll BHYTPHM M CHapy>Xu 3JaHus. Bropas rpymnma pe3ylbTaTOB MOCBAIICHA HU3YUYEHHIO
B3aMMOCBS3H MEXIY TEIUTOM30JIIIMEH 1 o011ei miomansio nomeneHuid. Ipu nocrosuuoi mnomaau 8 000 m?
MEePEXO0/1 OT TUIOXOU K XOPOIIeH TeIIOU30ISIMY IPUBOTUT K CTA0MIFHOMY CHIKCHHIO TOJ0BOM MOTPEOHOCTH
B SHepruu npuMepHo Ha 75 %. Y Ha000poT, IPH MOCTOSHHOM YPOBHE TEIUTOM3OIANNHN, ONTHMH3UPOBAHHOM
JI0 MaKCUMAaJIbHOU cTeneHu, ymeHbleHue mwiomanu ¢ 8 000 m? qo 2 800 M? mpUBOAUT K CHUKEHHUIO TEIIJIOBOM
Harpy3ku Ha 40 %. 3uMoii MOTPeOHOCTE B YHEPTHH IS TOMeMIeHuUs Turomaasto 8§ 000 M? CHIKaeTCsl IPUMEPHO
Ha 62 % Tpu mepexoe OT TUIOXO0H K XOPOIIeH TEIUIOM30JSIAN CTPOUTEIBHBIX AIIEMEHTOB, a I MEHBIIIETO
noMemieHus 1womanpio 2 800 M? 310 cHmKeHme aocturaer 63,2 %. JlaHHBIC IOKa3bIBalOT, YTO, XOTS
YMEHBIICHUE TUIOIAIN 00eCIIeUnBaCT TNHEHHOE 1 3HAYNTEIHHOE OBHIIICHHE A()(EKTUBHOCTH, ONTHMHU3AITHS
TEIJIOU30JIALMK  OCTaeTCS OCHOBHBIM (akTopoM oOIleld OSKOHOMHHM OJHEprHH, OKa3biBas HambOoliee
CYIIIECTBEHHOE BIIMSHUE HA CE30HHBIE KOJeOaHWs JKCILTyaTallMOHHBIX MoKaszareneil. TpeThs u deTBepTas
KaTerOpuu KacaroTCs COOTHOIICHUS «OKHO/CTCHa» M TEPMOJHHAMUYCCKHAX CBOWCTB Pa3IHYHBIX THIIOB
OCTEKJICHHUS. Pe3ynbTaThl MOKA3bIBAIOT, YTO CHIIKCHHE COOTHOIICHHS «OKHO/CTCHa» MPHUBOIHUT JIHIIL K
HE3HAYUTEIHLHOMY MOBBIINICHUIO 3()()EKTUBHOCTH MO CPABHEHUIO C KOHCTPYKTHBHBIMH H3MEHCHHUSMHU.
Hanpumep, B 37aHNH ¢ BBICOTOH 3Taxka 23 MeTpa Mmepexo]] OT COOTHOIIEHHS «okHa kK creHe» (WWR) 90 % x
10 % mosbimaer 3HeprosddexTuBHOCTs NMpuMepHO Ha 5,8 %. Orta pasHuna B 3¢ ¢EKTHBHOCTH aajee
YMEHBIIAETCS 110 MEPE CHIKEHUS BBICOTBI 3TaXa, OIycKasch 10 5,4 % npu BeicoTe 15 MeTpoB u 10 4,9 % npu
BeIcoTe 10 MeTpoB. UTO KacaeTcs XapaKTepUCTUK OCTEKJICHHUS, TO IIEPEeXO]l ¢ OJMHAPHOTO Ha JBOWHOE
ocTeKJIeHHe Ha (acame ¢ MUHUMAaIbHOH noneit octekinerns (10 %) BiuusieT Ha 3HEpromoTpedIcHNEe BCETO Ha
0,7 %, Torma xak Ha (acame ¢ OGompmoit nonelr ocrexneHus (90 %) sta pasHmma Bo3pacTtaeT 10 5,8 %.
CpaBHeHUE JIBOWHOTO U TPOMHOTO OCTEKJICHUS MMOKA3hIBAET €Ile MEHBIIUE Pa3inuus B XapaKTePUCTUKAX:
pasuunia coctasisier 0,3 % s HeOGonmbmUX OKOH u 2,7 % i O6onpminx OkoH. ClemaoBaTeNnbHO, XOTS
onuHapHoe octekienue Ha pacame ¢ WWR 90 % npuBoaut k HanboJsiee 3HAYUTEIbHBIM TEIIONOTEPSIM 3UMOiA,
ONTUMH3AIMS APXUTEKTYPHOrO 00beMa OKa3bIBaeTCs ropasfo Oosiee 3(GGEKTHBHON cTparerueii, dem
MUHUMU3AIMS JOTH OCTEKIICHUS B TAHHOW KIMMAaTHIECKON 30HE.

B  KkoHeyHOM WTOre  pE3yJbTATHl  HMCCIENOBAHMS  IOKA3BIBAIOT, YTO  HCIIOJIB30BAHHE
CHUCTEMAaTH3UPOBAHHBIX, OCHOBAHHBIX Ha CTaHAApTaX 3KOJIOTMYECKHX U TEPMOJUHAMUYECKUX JaHHBIX Ha
JTarle apXUTEKTYPHOTO MPOCKTUPOBAHUSI BHOCUT PEIIAIONINKA BKJIaJ B IUIAHUPOBAaHHWE KPYIHOMACIITAOHBIX
00bekTOB. lccnenoBanue IEMOHCTPHPYET, 4TO, XOTs CHIbkeHMe WWR paer nuimp He3HaYMTeNbHBINA
BBINTPBIIL, arpeCCUBHBIC CTPATErNH COKPALIEHHUsI 00beMa M MHTETPalMs HaIe)KHON TEIION30JISIINY SIBIISIOTCS
a0COJIOTHO HEOOXOAMMBIMH JUIS KPYIHBIX OOIIEeCTBEHHbIX 31aHMi B CpenuseMHOMOpbe. B oriamume ot
TPaAUIMOHHBIX KHIIBIX 31aHUH, «K0d(PQUIMEHT (OPMBI» MIIN BEPTUKAIIBHBIA 00BEM B KPYITHBIX CIIOPTHBHBIX
COOPY)KEHHMSIX BBICTYNIaeT B KadecTBe KpaifHe 3HAYMMON IIEPEMEHHOW II0 CPAaBHEHUIO C TEIUIOBBIM
COTIPOTHBIICHNEM MaTepHajoB. XOTS aHAJIW3 B CTAI[IOHAPHOM DEXHMME IO CBOCH CyTH CTaJKHBAETCS C
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OTPAaHMYCHUSAMH ¥3-32 HCKIIOUEHHS CKPBITBIX TEIUIOBBIX HArpy30K, IWHAMHUKH WCIAPEHHUS BOIBI H
JTMHAMUYeCKOH 3(pPEKTUBHOCTH CUCTEM OTOIUICHHUS, BEHTHIIIMN M KOHAUIHOHUpoBaHus Bo3myxa (OBKB),
OH TIPOYHO 3aKPEIUIICT OCHOBOIIOJIATAIONIYI0 METOIOJIOTHYECKYI0 OCHOBY U JOCTIDKCHHS IIeNel 1o
CO3JaHMIO 3[aHHWKA ¢ HyJeBBIM dHepromoTrpedienneM (NZEB). OtmaBas mpHOpUTET ONTHMHU3WPOBAHHON
TETJIOU30JISIIIMKA U CTPATETHUECKH MOAIEPKUBast BHICOTY 3Taxei Ha ypoBHe oT 10 g0 15 metpos, Oymymime
MIPOEKTHI CMOTYT JOOHUTHCS MAaKCHMAIBHOTO COKPAIICHUS SKCILTyaTal[HOHHBIX 3aTPaT, OTPAHUIHUTH BEIOPOCH
MAPHUKOBBIX Ta30B M OOCCICYUTh BBICOKHI YPOBCHb KOMGOPTa IMOJb30BAaTEICl HAa MPOTSHKEHUH BCErO
JKU3HCHHOTO LIUKJIA 3AHUS.

KaioueBble cioBa: cooTHomeHue «creHa-okHO» (WWR), sneprosaddextnBHOCTD, 3((eKTHBHBIE
CTpaTeruy MPOEKTHUPOBAHUS, SHEpreTudeckue nokaszarenu, TS 825.
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Yapilandirilmis Ozet:

Bu ¢alisma, temel verimlilik faktorlerini TS 825 1s1 yalitim standardina gore sistematik olarak analiz
ederek, Akdeniz ikliminde yer alan biiyiik 6lgekli ve tek hacimli kapali havuzlarda enerji verimliligini
degerlendirmeyi ve optimize etmeyi amaglamaktadir. Niifus artis1 ve teknolojik gelismeler nedeniyle kiiresel
Olgekte artmaya devam eden enerji tiiketimi CO2 emisyonlarinda, kiiresel 1sinmada ve iklim degisikliginde
artisa yol agmaktadir. Yap1 sektorii, gelismekte olan tilkelerde toplam enerji tiiketiminin %20 ila %40'indan,
gelismis llkelerde ise %40'ma kadarindan sorumlu olarak bu ekolojik tahribata biiyiik 6lgiide katkida
bulunmaktadir. Mevcut literatiirdeki kapsamli aragtirmalar genellikle konutlarda enerji verimliligine veya
Neredeyse Sifir Enerjili Binalar ¢ergevesindeki bina yenileme uygulamalarina odaklansa da, biiyiik 6l¢ekli
kapali havuzlarin 6zgiil termodinamik zorluklarina iligkin kritik bir bosluk bulunmaktadir. Bu tiir karmasik ve
biiytik 6lcekli yapilarda kesintisiz 1sitma, sogutma, aydinlatma ve havalandirma i¢in ciddi miktarda igletme
enerjisine ihtiya¢ duyulmaktadir. Sicak iklimlerde yapisal hacim yonetimi kavrami ve bunun bina kabugu
yalitimi ile olan etkilesimi ¢ogunlukla gz ardi edilmekte veya yalnizca yiizeysel olarak ele alinmaktadir. Bu
nedenle, bu ¢alisma, mekansal boyutlarin ve malzeme segimlerinin spesifik etkilerini belgeleyip analiz etmek
icin sistematik bir parametrik degerlendirme modeli 6nermekte, boylece isletme donemi enerji tiiketimini
biiyiik 6l¢lide azaltmay1 ve siirdiiriilebilir kamusal mimari i¢in verimli tasarim stratejilerini vurgulamay1
hedeflemektedir.

Arastirma metodolojisi, Tiirkiye'nin Antalya ilinde bulunan Muratpasa Belediyesi Siileyman Erol
Olimpik Yiizme Havuzu'nun vaka ¢alismasina dayanmaktadir. Karakteristik bir Akdeniz iklimi sergileyen ve
TS 825 standardi kapsaminda resmi olarak 1. Derece Giin Bolgesi olarak siniflandirilan Antalya, 17,7°C'lik
yillik ortalama dis ortam sicakligina sahipken, kapali havuz ortamlarinin siirekli olarak 24°C ile 28°C arasinda
tutulmasi gerekmektedir. Secilen referans bina, yaklagik 9.000 m?'lik toplam kapali insaat alanina sahip olup,
net kat yiliksekligi cat1 makasi yapisina bagli olarak 7 ile 15 metre arasinda degismektedir. Mevcut bina kabugu,
ana giin 15181 kaynagi olarak giiney cephesinde yaklasik %85'lik bir pencere-duvar oranina (PDO) dayanirken,
dogu ve bati cepheleri %15'lik bir PDO'yu korumaktadir. Referans aliman mevcut yapida herhangi bir 1s1
yalitimi bulunmamaktadir. Calisma, bu geometriyi temel bir referans noktasi olarak kullanarak, farkli yapisal
Ol¢eklerin ve oranlarin termodinamik davranigini kapsamli bir sekilde degerlendirmek amaciyla cesitli
varsayimsal senaryolar liretmektedir.

Giiglii karsilagtirmali veriler elde etmek amaciyla, parametrik ¢alismada ¢ok sayida bagimsiz degisken
izole edilerek test edilmistir. Hesaplamali model, tek bir sabit geometriyi analiz etmek yerine, biiyiik, orta ve
kiiciik 6lgekli olimpik havuz tipolojilerini temsil etmek iizere sirasiyla 8.000 m?, 4.800 m? ve 2.800 m? olmak
iizere {i¢ farkli taban alanini test etmistir. Es zamanli olarak, dikey hacmin 1s1 birikimi ve 1s1l tabakalagma
iizerindeki kritik etkisini analiz etmek igin 23 metre, 15 metre ve 10 metre olmak iizere ii¢ standart net kat
yiiksekligi sistematik olarak incelenmistir. Ayrica, "lyi Yalitim" ve "Zay1f Yalitim" olmak iizere iki temel bina
kabugu senaryosu olusturulmustur. "Iyi Yalitim" senaryosu, dis duvarlarin ve ¢atilarin 1s1l gegirgenlik degerini
(U-degeri) yaklasik 0,11 - 0,14 W/m?K seviyelerine diisliirmek i¢in 20 cm kalinliginda Genlestirilmis Polistiren
(EPS), Ekstriide Polistiren (XPS) ve Poliiiretan (PUR) kullanan, Pasif Ev standartlariyla uyumlu ve yiiksek
oranda optimize edilmis bir kabugu temsil etmektedir. Buna karsin, "Zayif Yalitim" referans modeli, bolgedeki
eski kamu binalarinin tipik bir 6zelligi olan, duvarlar igin 1,80 - 2,00 W/m?K ve ¢atilar i¢in 1,50 - 1,80 W/m?K
gibi 6nemli 6l¢iide yiiksek U-degerleri sergileyen yalitimsiz geleneksel yapiy1 ifade etmektedir. Kararlt durum
enerji verimliligi hesaplamalar1, Microsoft Excel ve MATLAB'de gelistirilen 6zel bir parametrik hesaplamali
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model kullanilarak gergeklestirilmistir. Calismada ticari dinamik termal simiilasyon yazilimlar1 kullanmak
yerine, enerji talepleri kesinlikle TS 825 standardinin 2013 revizyonunda belirtilen matematiksel
formiilasyonlara ve 1s1l direng prensiplerine dayali olarak hesaplanmistir. Is1 akis1 yogunluklari, ortalama 1s1l
gecirgenlik direngleri ve yillik 1sitma enerjisi ihtiyaci, yerlesik kararli durum denklemleri kullanilarak
bulunmustur. Iklim verileri ve aylik ortalama dis ortam sicaklik degerleri, dogrudan TS 825 eklerinde saglanan
jenerik meteorolojik tablolardan elde edilmistir. Hesaplama siireci boyunca dig iklim verileri, bina yonelimi ve
26°C'de tutulan i¢ mekan ayar sicakligt kontrol degiskenleri olarak sabit tutulmus; bu sayede modelin net kat
yiiksekligi, toplam taban alani, yalitim kalitesi ve pencere-duvar oraninin toplam 1s1l yiik {izerindeki bireysel
termodinamik etkilerini net bir sekilde tanimlamasina olanak saglanmustir.

Arastirmanin bulgulari belirli karsilastirmali kategoriler altinda toplanmis olup, bunlardan ilki yaliim
kullanimi ile kat yiiksekligi arasindaki iliskiyi ele almaktadir. Veriler, 1s1 yaliiminin enerji tiiketimini
azaltmada en kritik faktdr oldugunu ve uygulanan belirli yalitim malzemesine bagli olarak yillik yakit
tilketimini ve emisyonlar1 %68 ila %89,5 oraninda azaltabildigini ortaya koymaktadir. Kis aylarinda kat
yukseklikleri degerlendirildiginde, yeterli yalitima sahip bir yapida yiiksekligin 23 metreden 10 metreye
diisiiriilmesi, enerji tiikketimini yaklasik %78 oraninda azaltmistir. Ozellikle dikey hacim ve yalitim arasindaki
sinerji olduke¢a derindir, iyi yalitim kullanan 10 metre yiiksekligindeki bir mekan, yalitimsiz muadiline gore
4,5 kat daha az enerji tiikketmektedir. Bu oranmn 15 metrelik yiiksekliklerde 3,7 kata ve 23 metrelik
yiksekliklerde 3,1 kata diistiigii gdzlemlenmis olup, artan kat yiiksekliginin toplam enerji talebini 6nemli
Olglide siddetlendirdigi kanitlanmistir. En yiiksek enerji gereksinimleri istisnasiz olarak Ocak ayinda
goriiliirken, Mayis ay1 i¢ ve dis sicakliklarin dogal olarak dengelenmesi nedeniyle en diigiik talebi sunmustur.
Ikinci bulgu kategorisi, yalitim ile toplam mekansal alan arasindaki iliskiyi incelemektedir. Taban alan1 8.000
m?'de sabit tutuldugunda, zayif yalitimdan iyi yalitima gecis, yillik enerji talebinde tutarli bir bigimde yaklasik
%75'lik bir azalmaya yol agmaktadir. Diger taraftan, yalitim yiiksek oranda optimize edilmis bir seviyede sabit
tutuldugunda, taban alaninin 8.000 m*den 2.800 m*ye diisiiriilmesi 1sitma yiikiinde %40'lik bir diisiisle
sonuclanmaktadir. Kigin, 8.000 m?'lik bir alanin enerji ihtiyaci, yapi elemanlarinda zayif yalitimdan iyi yalitima
gecildiginde yaklasik %62 oraninda azalmakta ve bu azalma 2.800 m?'lik daha kiigiik bir alan i¢in %63,2'ye
ulasmaktadir. Veriler, mekansal kii¢iilmenin dogrusal ve dnemli verimlilik kazanimlar1 saglamasina ragmen,
1s1] yalitim optimizasyonunun toplam enerji tasarrufunun temel itici giicli olmaya devam ettigini ve mevsimsel
performans varyasyonlar1 iizerinde en 6nemli etkiye sahip oldugunu kanitlamaktadir. Ugiincii ve dordiincii
kategoriler, PDO ve farkli cam tiplerinin termodinamik &zelliklerini ele almaktadir. Bulgular, PDO'nun
distiriilmesinin yapisal degisikliklere kiyasla sadece marjinal verimlilik artislar1 sagladigini gostermektedir.
Ornegin, 23 metrelik kat yiiksekligine sahip bir binada, %90 PDO'dan %10 PDO'ya gecis, enerji verimliligini
yaklagik %5,8 oraninda iyilestirmektedir. Bu verimlilik farki, kat yiiksekligi azaldik¢a daha da diiserek 15
metrelik yiikseklikte %5,4'e ve 10 metrelik yiikseklikte %4,9'a gerilemektedir. Cam 6zelliklerine iliskin olarak,
minimum %10 PDO'ya sahip bir cephede tek camdan ¢ift cama gegis enerji ihtiyacini yalnizca %0,7 oraninda
etkilerken, %90 PDO'ya sahip genis bir cephede bu fark %5,8'e sigramaktadir. Cift cam ile ligli cam
karsilastirldiginda daha da kiigiik performans oranlarini elde edilmektedir. Ornegin; kiiciik pencereler icin
%0,3'liik ve biiyiik pencereler igin %2,7'lik bir fark goriilmektedir. Sonug olarak, %90 oranindaki bir cephede
tek cam kullanilmasi kigin en ciddi 1s1 kaybina neden olsa da, mimari hacim optimizasyonunun bu belirli iklim
kusaginda pencere oranlarini en aza indirmekten ¢cok daha giiglii bir strateji oldugu kanitlanmistir.

Sonug olarak, aragtirma sonuglari standartlara dayali sistematik ekolojik ve termodinamik verilerin
mimari tasarim agamasina aktarilmasinin, biiyiik 6lg¢ekli tesis planlamasina hayati katkilar sagladigini ortaya
koymaktadir. Caligma, PDO'nun azaltilmasinin marjinal kazanimlar saglamasina karsilik, Akdeniz'deki biiyiik
kamu binalari i¢in agresif hacim kiiciiltme stratejilerinin ve giiclii bir 1s1 yalitimi entegrasyonunun kesinlikle
zorunlu oldugunu gostermektedir. Geleneksel konut yapilarinin aksine, biiyiik spor tesislerindeki sekil faktorii
veya dikey hacim, malzemenin 1si1l gecirgenligine karsi oldukca rekabet¢i bir degisken olarak islev
gormektedir. Kararli durum analizi; gizli 1s1 yiiklerini, su buharlasma dinamiklerini ve dinamik HVAC
verimliliklerini kapsam dis1 birakmasi nedeniyle dogas1 geregi bazi sinirlamalara sahip olsa da, Neredeyse Sifir
Enerjili Bina hedeflerine ulagmak i¢in saglam bir metodolojik g¢er¢eve kurmaktadir. Optimize edilmis yalitima
oncelik verilerek ve kat yiiksekliklerinin stratejik olarak 10 ila 15 metre civarinda tutulmasiyla, gelecekteki
projelerde isletme maliyetlerinde maksimum diisiis saglanabilir, sera gazi emisyonlari siirlandirilabilir ve
binanin yasam dongiisii boyunca iistiin kullanici konforu siirdiiriilebilir.

Anahtar Kelimeler: Pencere-duvar orani (PDO), Enerji verimliligi, Enerji Etkin Yap1 Tasarimu,
Enerji performansi, TS 825.
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Evaluation of Energy Efficiency in Large-Scale Indoor Pools in the Mediterranean Climate:
A Case Study of Antalya Using the TS 825 Standard

Introduction

Energy consumption has become a necessity that continues to increase with the increase in
population and the development of technology, leading to reasons such as increased CO2 emissions,
global warming, and climate change, which have continued to increase since the Industrial
Revolution. Reducing energy consumption or looking for sustainable solutions can help prevent
excessive consumption. According to studies, the energy consumption of buildings in developing
countries varies between 20% and 40%, and in developed countries, 40% of the total energy is
consumed by buildings (Rana et al., 2022; Pérez-Lombard et al., 2008). Stephan et al. (2011) stated
that the construction sector significantly impacts energy consumption compared to global
consumption. Another study stated that buildings cause the highest energy consumption, which
affects the economy (Alaidroos and Krarti 2015). The increase in energy consumption of buildings
is the most damaging sector to the ecology. For this reason, using energy-efficient designs in
buildings should be aimed at reducing consumption by producing functional structures to protect the
environment and using sustainable solutions that will reduce emissions that may harm human health.

Achieving energy savings for sustainable buildings is an ecological step towards reducing
operating costs in the construction industry after the construction process is completed. In this way,
it is aimed to provide user comfort while at the same time reducing the energy need with ecological
materials that do not cause carbon emissions throughout the usage process of the building. According
to research in the literature, some methodologies have been developed to optimize the energy
performance of buildings, but most of them are similar.

The TS 825 standard functions as a strong fundamental method while advanced analytical
techniques reveal greater understanding through their detailed investigations. The researchers Caner
et al. (2026) demonstrated the capabilities of Artificial Neural Networks (ANN) to assess energy-
saving building improvements through their study of a hospital facility. The current research uses a
steady-state approach that follows TS 825 requirements but upcoming studies will use dynamic
methods to study complex energy interactions within extensive indoor environments that include
hidden energy effects.

Ensuring energy efficiency in buildings is based on reducing energy consumption by
arranging them in a way that aims to increase their functionality during the use phase and increase
the comfort of the users (Tukhtamisheva et al., 2020). In this context, it is necessary to find solutions
that will reduce the need for energy consumption and to take measures to increase user satisfaction
by reducing operating costs and preventing consumption that will harm the environment. Thermal
insulation is widely recognized as the most effective method for reducing building energy loads.
Thermal insulation in building walls is one of the most valuable tools to reduce energy consumption
for space heating and cooling in buildings (Canbolat et al., 2020). Different methods can use
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insulation materials to prevent heat escape in building walls, ceiling and roof applications, flooring
applications, and doors and windows. The thickness of the insulation materials, which must have
specific thicknesses to prevent these heat escapes and keep the temperature in the interior constant,
varies depending on the climate characteristics and differences in the material properties.

Research and assessment of economic, technological, and practical opportunities and
limitations are required to lower energy and greenhouse gas emissions and develop a more effective
energy efficiency strategy. Instead of increasing energy consumption, buildings can minimize their
energy demand by adopting alternative insulating materials and increasing the thickness of these
layers. An adequate and appropriate amount of thermal insulation in the walls, windows, floors, and
roof allows the building to be heated and cooled more efficiently, and the higher the energy efficiency
standards, the cheaper the energy consumption costs. The requirements for energy efficiency range
greatly between nations due to varying climatic conditions. For example, the extremely low
temperatures in the Northern area have led to very high standards in those countries (Ding et al.,
2022; Csiba et al., 2016). While insulation materials are not used in countries with Mediterranean
climate characteristics, it has been proven by some studies in recent years that their use will create
significant differences. According to Ugar (2023), when looking at the average thermal permeability
of buildings where insulation was applied in Mediterranean countries between 2012 and 2022, it was
concluded that the highest thermal resistance was in Portugal, and the lowest thermal resistance, that
is, the structures that best ensure heat preservation, were applied in Italy (Ugar & Akiner, 2024).
Since the heating load of Mediterranean countries is low and the effect of the cooling load is high,
the low thermal resistance coefficient ensures that air conditioners, which cause energy consumption
by retaining heat as well as cold air, are operated less. In addition, there are studies on the use of
insulation materials and finding the appropriate insulation thickness in studies conducted for Qatar,
a country with a hot climate (Al-Khawaja, 2004), and China, which has a monsoon climate (Aytag
and Aksoy, 2006). In a study conducted for Elazig-Turkey, optimum insulation thicknesses for
different insulation materials vary between 5.4 and 19.2 cm, energy savings between 86.26 and
146.05 $/ m?, and payback periods between 3.56 and 8.85 years.

The economic viability of energy efficiency measures is a key driver for their adoption.
Asikoglu Metehan (2025) established in his study of building retrofitting in [zmir through the Nearly
Zero-Energy Building (NZEB) framework that building envelope component optimization serves as
the essential method to achieve both energy savings and cost reductions. The Turkish context requires
energy and cost-effective designs to follow standards like TS 825 which serve as the main regulatory
framework for all building projects including new constructions and essential building retrofits.

According to Dylewski and Adamczyk (2021), the selection of the ideal thickness for
insulation is contingent upon several factors, including the type of material, its thermal qualities, its
production process, and the climate zone in which it will be installed. Different basic materials and
shapes are used to make different insulation materials. For instance, the material may be sprayed on,
rolled, rigidly plate-shaped, or pumped into the structure as foam (Abu-Jdayil et al., 2019). 60% of
the market for insulating materials in Europe is made up mostly of inorganic fiber insulation, such
as rock and glass wool. Furthermore, with a more significant volume of 27% of the market, organic
foams, specifically expanded (EPS) and extruded (XPS) polystyrene and polyurethane (PUR), are
also represented (Dominguez-Muifioz et al., 2010).

The selection of wall system materials serves as a critical choice which determines various
performance standards. Cavdar and Lakot Alemdag (2025) conducted their research which examined
all insulation options by performing multi-criteria optimization of cross-laminated timber (CLT) wall
systems in different climate regions of Tiirkiye. The researchers examined energy and carbon and
cost performance aspects to demonstrate how alternative construction methods can enhance energy
efficiency. The current study uses TS 825 conventional wall assembly calculations, but research on
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CLT innovative systems offers a valuable path forward for studying large-scale low-carbon building
design.

Applying optimum insulation thickness on an uninsulated wall reduces annual fuel
consumption and emissions by 68-89.5%, depending on the insulation material (Ozel, 2012). In cold
climates, as seen in buildings with passive house certificates, using insulation material and increasing
the thickness has proven to provide energy savings of up to 10 times in buildings (Passipedia, 2021).
However, increasing the thickness of the thermal insulation layer does not always yield positive
results regarding building energy efficiency (Tukhtamisheva et al., 2020). The reason for this is that
it will cause excessive heat accumulation inside the space, especially in buildings with hot climates,
so it is possible that some insulation thickness may differ compared to cold climates and may vary
depending on the building space volume. Since there will not be a single correct solution for every
building, building designs must be made by considering the space volume, climate values, and the
functional characteristics of the space. As the volume of the space grows, the need for mechanical
ventilation or electrical heating/cooling to keep the temperature constant in the interior will increase.

Another method is the window glass ratios and the properties of the glass used. The window
size is an essential structural element in providing heat to the interior according to the interior's
illumination and sun exposure time. As long as there is no heat escape in these windows, there will
be an opportunity for the energy to be provided to the interior space, depending on the size of the
window, not to be met by mechanical systems. Therefore, adjusting the size according to the function
of the interior space and designing the appropriate size for energy efficiency can reduce the cost of
the building while it is in use. According to a study conducted in 2013, Susorova et al. proved that
the window-to-wall ratio is a factor affecting the energy consumption used in the building. According
to Lee et al. (2013), window design is a critical component that affects energy efficiency. Likewise,
according to research, it has been stated that in Norway, a northern country, at least 1% electricity
savings can be achieved annually by changing the amount of light coming from the window (Wang,
2020; Mirza and Berglan, 2011). Thus, while changing window size changes the energy need of the
interior even in cold climates, this rate is much higher in hot climates. In their study in 2020, Alsehail
and Almhafdy stated that the type of window frame and material can significantly affect energy
efficiency and provide energy savings from 39% to 59%. Because the window systems and thermal
insulation found in the building envelope structure are the major components that allow the building
to achieve energy efficiency, the building's envelope structure influences the total value of the
building's input and operational energies (Pacheco and Martinez, 2012). The structure of the building
acts as a barrier between the interior and exterior environments, which impacts how heat, light, and
air circulate the building. As a result, meticulous architectural design is required to ensure the facility
performs well (Rouchier, 2018).

The significance of holistic design, which considers both energy efficiency and occupant
well-being, is further emphasized in post-disaster contexts. The study of permanent housing in
Bingol, Tiirkiye, by Varolgiines et al. (2026) showed that achieving better thermal comfort and
indoor air quality requires multiple solutions. The research shows that design methods which enhance
user satisfaction need to be implemented because they determine how well buildings function and
maintain their environmental sustainability, which applies to all building types including indoor
pools where user comfort needs to be prioritized.

Insulating using insulation material is essential in designing near-zero energy buildings since
it can minimize energy consumption and greenhouse gas emissions. When insulating a building, it is
vital to determine the ideal thickness of the insulation material to balance the impact of increasing
the thickness on energy, environmental, and economic factors (Huang et al., 2020). The thermal
conductivity of building structural elements must be kept to a minimum to maximize building energy
efficiency. This requirement is predicated on the primary building boundary elements' U-value, given
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in W/ m? K (Buildings Performance Institute Europe, 2011). The insulating material can be applied
to the outside wall or roof of the building, or it can be applied to a specific portion of the structure.
By balancing and minimizing heat transmission through the building structure, insulation materials
assist in reducing heat gain in the summer and, on the other hand, heat loss in the winter (Kumar et
al., 2020). The building's boundary components, including the floor, wall, and roof, significantly
impact how much energy it uses. Installation of thicker insulation material on the roof instead of the
wall and floor is required to lower the building's heating requirements (Piselli et al., 2019; Braulio-
Gonzalo & Bovea, 2017; Sadine et al., 2011). Since the roof accounts for up to 60% of heat losses,
roof insulation has become more critical (Sadineni et al., 2011). Determining the optimal insulation
material for the wall construction will help reduce heat transfer through the structure. The main
element of the several layers comprising the outside wall's thermal insulation system is the thermal
insulation material (Ozturan and Seyhan, 2024).

In the study, the features that may affect energy saving stated in the literature will be
compared among themselves, and the feature that will cause the most energy saving will be discussed
by making calculations for Antalya province under the TS 825 thermal insulation standard in
buildings. This study aims to ensure energy efficiency in areas with large-scale structures for all cities
and countries with a Mediterranean climate and to highlight design principles that will cause the least
energy need. With this study, the features considered necessary in energy saving in the literature
were analyzed comparatively with the change in the structure design that would be obtained when it
is desired to design for an indoor pool. Although there are numerous studies on residential energy
efficiency in Mediterranean climates, research specifically focusing on the thermodynamic
challenges of large-volume indoor pools—such as the interplay between high ceilings and envelope
insulation—remains limited. This study fills this gap by quantifying the combined effects of floor
height, window-to-wall ratio, and insulation specifically for large-scale sports facilities under TS 825
standards.

Materials and Methods

The study aims to make conscious design and produce environmentally friendly buildings
by focusing on the healing properties of our buildings. Thanks to these results, some design factors
need to be considered, and their differences are examined to reduce operating costs and increase
energy efficiency by reducing the energy need in buildings with high operating expenses, such as
indoor pools with large-scale single-volume buildings. The design was determined as a significant
and single-volume building according to the TS 825 Thermal Insulation in Buildings standard,
considering the average outdoor temperature of the Mediterranean Region of Turkey and taking an
indoor pool structure that can be applied in Antalya. For the design to be an example for other indoor
pool structures, it is aimed to discuss the effects of factors such as floor height, window size,
insulation properties, and space size on energy efficiency with changes in the design. In this context,
it is aimed to contribute to energy saving in large-scale buildings by changing specific parameters by
keeping the insulation values of the TS 825 standard, the materials to be used, and the outside air
temperature constant. Accordingly, parameters to save energy and material properties are determined
and calculated to observe the changes for Muratpasa Municipality Siileyman Erol Olympic
Swimming Pool in Antalya.
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Figure 1. Muratpasa Municipality Siileyman Erol Olympic Swimming Pool, Antalya

The selected reference building, Siileyman Erol Olympic Indoor Swimming Pool, has a total
indoor construction area of approximately 9,000 m?. The clear floor-to-ceiling height varies between
7 and 15 meters depending on the roof truss structure. The main daylight source, the south facade,
features a window-to-wall ratio of approximately 85%, while the east and west facades have a WWR
of approximately 15%. Currently, the building envelope lacks any specific thermal insulation. To
evaluate the thermodynamic behavior of varying building scales and to establish a robust parametric
model, the geometry of this reference structure was used as a baseline to derive distinct hypothetical
scenarios. Instead of analyzing a single fixed geometry, the parametric study tested three different
floor areas (8,000 m?, 4,800 m?, and 2,800 m?) to represent large, medium, and small-scale Olympic
pool typologies. Furthermore, to analyze the critical impact of vertical volume on heat accumulation
and stratification, three uniform clear heights (23 m, 15 m, and 10 m) were tested for each area
scenario. This matrix approach allows for a comprehensive understanding of how volumetric changes
interact with insulation levels in a Mediterranean climate.

To ensure the reproducibility and verifiability of the steady-state thermal calculations in
accordance with the TS 825 standard, the technical specifications of the building envelope
components for the compared scenarios are explicitly defined in Table 1. The term 'Good Insulation'
represents a highly optimized building envelope that aligns with Passive House standards for the
Mediterranean climate. This scenario utilizes high-performance insulation materials such as
Expanded Polystyrene (EPS), Extruded Polystyrene (XPS), and Polyurethane (PUR) with sufficient
thicknesses to reduce thermal transmittance (U-value) to approximately 0.11 - 0.14 W/m2K.
Conversely, the 'Poor Insulation' scenario represents a baseline, uninsulated conventional
construction typical of older large-scale public buildings in the region, exhibiting significantly higher
U-values.
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Table 1. Technical Specifications and U-values of the Building Envelope Scenarios

Envelope Scenario Material Layers (Outside to Insulation Calculated U-
Component Inside) Thickness (cm) Value (W/m?K)
External Wall  Good Paint + Plaster + PUR/EPS + 20 cm 0.11-0.13
Insulation Autoclaved Aerated Concrete +
Plaster
Poor Paint + Plaster + Standard None ~1.80-2.00
Insulation Reinforced Concrete + Plaster
Roof/ Ceiling  Good Roof Cover + PUR/EPS + Vapor 20 cm 0.11
Insulation Barrier + Concrete Slab + Plaster
Poor Standard Roof Cover + None ~1.50-1.80
Insulation Uninsulated Concrete Slab +
Plaster
Floor Slab Good Granite/Marble + Screed + 12 cm 0.10-0.22
Insulation XPS/Vacuum Panel + Concrete
+ Soil
Poor Granite/Marble + Screed + None >1.10
Insulation Uninsulated Concrete + Soil
Windows Good Triple Glazing (Argon filled) - 1.18 - 2.00
Insulation
Poor Single Glazing (Uncoated) - 5.20
Insulation

The steady-state energy efficiency calculations were conducted using a custom parametric
computational model developed in Microsoft Excel and MATLAB. Rather than employing a
commercial dynamic thermal simulation software, the energy demands were calculated based strictly
on the mathematical formulations (Equations 1-8) and thermal resistance principles dictated by the
TS 825 standard (2013 revision). The climate and monthly average outdoor temperature data for the
province of Antalya were directly extracted from the generic meteorological tables provided in the
TS 825 Annexes for the 1st Degree-Day Region.

In terms of the parametric scenario setup, the external climate data, the building orientation,
and the indoor set temperature (maintained at 26 °C as per indoor pool standards) were held constant
as control variables throughout the study. The independent variables systematically tested in the
computational model were the clear floor height, total floor area, insulation quality (building
envelope U-values), and window-to-wall ratio. This single-variable isolation approach allows for a
clear understanding of each parameter's distinct impact on the overall thermal load.

First, information is collected about the determination and thickness of the materials used in
the building. With this data, thermal resistance (R) was found.

As stated in the thermal resistance equation 1, the thickness (d) value of the building
component is calculated according to the thermal conductivity calculation value (4), which is
calculated by division.

d (1)

Here;

R: Thermal resistance (m2.K/W),

d: Thickness of the building component (m),

An: Thermal conductivity calculation value is (W/mK).

Average thermal resistance of the building element to be used in heating energy calculation,
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L: Total width or length of the evaluated building component (m) is calculated using
Equation 2.

The average thermal resistance (R) of a building component consisting of several adjacent
layers is calculated with the total thermal permeability coefficient (U) according to equation 3.

3
R:i—(R,.+Re) ®)
U
A steady-state heat flux density (q) is calculated according to equation 4.
q=U-(6,-0,) @

Here;

d- Heat flow density (W/ m?),

0i: Indoor temperature (°C),

0.: Outdoor temperature (°C),

U: Total thermal transmittance of the building component (W/m?.K).

The annual heating energy needed for a single building section is calculated using the
following equation.

dearzz Qmontn (5)

Qmonth = [H(Hi - ge) — Nmonth (¢i,month + ¢s,month)]- t (6)

Here;
Qyeqr: Annual heating energy need (Joules),
Qmontn: Monthly heating energy need (Joules),
H: Specific heat loss of the building (W/K),
0;: Monthly average indoor temperature (°C),
0.: Monthly average outside temperature (°C),
Nmonth: Average monthly usage factor for heat gains (unitless),
dimonth: Average monthly heat gains(can be taken as constant) (W),
¢s,montn: Monthly average solar energy gain (W),
t : Time (s) (assumed as 1 month = 86,400 x 30 seconds).

Heat loss through conduction and convection is calculated with equation (7). In this equation,
the heat loss transmitted through thermal bridges, if any, is added to the heat loss transmitted through
the building elements. A thermal bridge is a part where the composition is different compared to the
adjacent surface, the heat loss is higher than the average heat loss of the building, and the internal
surface temperature is lower for a steady state in winter.

H=SAU +1 U, (7)

YAU = UDAD + UPAP+ UKAK +0.8 UTAT +0.5 UL'AII + UdAd +0.5 UdSAdS (8)
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Here;
Up: Thermal transmittance of the outer wall (W/m? K),
Up: Thermal transmittance of the window (W/m? K),
Ux: Thermal transmittance of the external door (W/m? K),
Ur: Thermal transmittance of the ceiling (W/m? K),
Uy: Thermal transmittance of the base/slab sitting on the ground (W/m? K),
Uqg: Thermal transmittance of the base in contact with the outside air (W/m? K),
Ugs: Thermal transmittance of the building elements that come into contact with internal
environments at low temperatures (W/m? K),
Ap: Area of the external wall (m?),
Ap: Area of the window (m?),
Ax: Area of the exterior door (m?),
Ar: Area of the ceiling (m?),
A Area of the floor sitting on the ground (m?),
Aq: Area of the floor in contact with the outside air (m?),
Augs: Area of the building elements in contact with low-temperature internal environments (m?).

Antalya province, which has a Mediterranean climate, is considered as the 1st Region
within TS 825. 1. Monthly average outdoor temperature values to be used in heat loss and
condensation calculations for different degree day regions of the region are given in the table
below;

Table 2. First region temperature values according to TS 825
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec

1st region 84 9.0 11.6 158 212 263 287 276 235 185 13.0 93
(Antalya)

Antalya, characterized by an average annual temperature of 17.7°C, requires indoor pool
temperatures to be maintained between 24-28°C.

Findings

Many factors can affect energy consumption in a space. This article comparatively analyzes
which of these factors will most negatively affect the energy consumption of the space. The features
to be compared are grouped under four headings as follows;

1- Relationship between insulation use and floor heights

2- The relationship between insulation use and space size

3- Relationship between window-to-wall ratio and floor height

4- The relationship between window-to-wall ratio and glass types in terms of insulation

When the data obtained in this way is examined monthly throughout the year, it is aimed to
investigate which months of energy saving can be achieved and by which method it can be achieved.
This study will contribute to pre-implementation design and the continuity of sustainable ecological
buildings during building construction. Applying the comparison with TS 825 Thermal Insulation
Rules in Buildings, which was implemented in Turkey and adapted to EU standards in 1998, will
benefit constructions with large spaces produced in countries with a Mediterranean climate.

All operational energy reduction efforts lead to building energy reduction which supports the
overall goal of transforming buildings into Net-Zero Energy Buildings (NZEB). Eksi et al. (2025)
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established the essential function of optimized building envelopes for Mediterranean Region NZEB
objectives through their techno-economic and environmental assessment. The study provides energy-
saving potential results from optimized insulation which achieves 68-89.5% energy savings through
volume management in Antalya. The study creates design principles which enable large public
building projects in the region to achieve their transformation objectives.

The first comparison was made between a building with good insulation and a building with
poor insulation due to differences in energy consumption due to different floor heights. The months
with the highest and lowest energy consumption in these places, whose total floor heights will vary
between 23 meters, 15 meters, and 10 meters, are shown in Chart 1.
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Chart 1. Monthly effect of the relationship between insulation use and floor heights on energy
consumption.

Energy consumption is lowest in May, as mild temperatures balance indoor and outdoor
conditions. However, as the floor height decreases in a building with good insulation, it is seen that
the energy consumption in the interior increases as it causes heat accumulation. The highest
consumption is in a building with less insulation and a floor height of 23 meters. The minimum
consumption floor height is 10 meters in a building with good insulation, 15 meters in the second
place, 23 meters in the third place, followed by 10 meters and 23 meters in a building with poor
insulation.

When we look at all buildings with poor insulation, it is seen that the difference between
them in terms of change in floor heights is relatively small compared to buildings with good
insulation. While this difference creates a 15% difference in energy consumption between 15-meter
floor height and 25-meter floor height in uninsulated buildings during the winter, this difference
causes a 29.7% difference in the insulated building. In the summer, the difference increases to 36%
in an insulated building. In the case of using an uninsulated building, energy consumption will always
be high, regardless of the floor height. However, in an insulated building, changes in floor heights
will significantly affect energy consumption, so it is necessary to find the most ideal one and apply
it. Floor heights should also be preferred at ideal levels in solutions to prevent heat accumulation in
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the interior and prevent heat escape. The highest energy requirement is January, and the lowest is
May for all spaces and floor heights. When examined for the whole year, the difference between
floor height changes;
e The floor height between 10 meters in an insulated building and 10 meters in an uninsulated
building consumes 4.5 times less energy.
e Floor height between 15 meters in an insulated building and 15 meters in an uninsulated
building consumes 3.7 times less energy.
e [t was concluded that the floor height between 23 meters in an insulated building and 23
meters in an uninsulated building consumes 3.1 times less energy.

In this case, these data showed that insulation is an essential factor in using floor height in
the building. It has been determined that if the insulation is very good and 23 meters of floor height
is used, it will affect the energy efficiency by approximately 68% in the winter months, and if 10
meters is used, it will affect the efficiency by approximately 78%. It has been concluded that by using
good insulation to prevent heat from accumulating inside during the summer months, the energy
efficiency in the space with a floor height of 23 meters will increase by approximately 67%, and if
10 meters are used, the efficiency will increase by approximately 76%. It is seen that heat losses will
occur the most in January and the least in May.

When the square-meter difference between the space with good insulation and the space with
poor insulation is examined, the energy consumption increases as the space grows. As stated in Chart
2, which shows the monthly changes, insulation changes create significant differences.
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Chart 2. Monthly effect of the relationship between insulation use and space size on energy
consumption.

To isolate the impact of insulation quality from the volumetric effects, the results were
analyzed by keeping the floor area constant while varying insulation levels. As illustrated in Chart
2, when the floor area is held constant at 8,000 m?, the transition from poor to well insulation leads
to a consistent decrease in annual energy demand by approximately 75%. Similarly, when observing
the impact of volumetric change independently (keeping insulation constant at the well level), a
reduction in floor area from 8,000 m? to 2,800 m? results in a 40% decrease in heating load. This
isolation confirms that while volume reduction provides linear efficiency gains, insulation
optimization remains the primary driver of total energy savings, responsible for the most significant
variance in the performance data.

In the winter, the heating load increases, and the cooling load decreases. The difference in
energy needs increases between spaces with good and poor insulation. In the summer, the heating
load decreases, and the cooling load increases. While May and October are the months with the
lowest energy needs, it is seen that the difference between the months between April and November
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increases depending on the square meter changes between well-insulated spaces and poorly insulated
spaces. According to Chart 2, the effect of insulation has shown that it is an important factor affecting
the energy need according to the size of the space.

The difference in heat loss rates between a well-insulated 8000 m? area and a poorly
insulated 2800 m? area is very close. In this case, it is understood from the graph that the most critical
factor to consider when deciding on the space size is insulation. It was determined that the highest
heat loss rate was in January, and the lowest was in October. The results from the graph show that
the areas with 2800 m? of space with good insulation have the lowest heat loss rate compared to all
months.

In winter, the energy need of the place, which has a usable area of 8000 m?, decreases by
approximately 62% between good and bad insulation of the building elements. When the space is
2800 m?, this rate is approximately 63.2%. In the spring months, the energy need of the place, which
has a usable area of 8000 m?, decreases by approximately 71.46% between the good and bad
insulation of the building elements. When the space is used as 2800 m?, the energy requirement
decreases by at least 70.5% and at most 100%. Since insulation causes heat accumulation in the
interior after April, the need for ventilation or cooling increases slightly in the summer and the first
months of autumn.

According to Chart 3, which shows the effect of window-wall ratios, the 90% and 10% rates
are compared. The window-to-wall ratio varies depending on floor height. For this reason, it is
compared based on the floor heights of 23 meters, 15 meters, and 10 meters in Chart 1.
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Chart 3. Monthly effect of the relationship between window-to-wall ratio and floor height on
energy consumption.

When window-wall ratios are compared according to floor heights, it is shown that buildings
with 90% or 10% values can provide similar energy consumption when floor heights are equal in all
months. According to these results, when the floor height is 23 meters in a building with a 90%
window-wall ratio in all months, and when the floor height is 23 meters in a building with a 10%
window-wall ratio, the effect on energy efficiency is approximately 5.8%. The exact rate is 5.4%
with a floor height of 15 meters and 4.9% with a floor height of 10 meters. As the floor height
decreases, their efficiency difference almost approaches each other. In this case, the difference in the
change of window-to-wall ratio is a factor that slightly affects the energy efficiency rate.
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When we look at the relationship between the window-wall ratio and the floor height, as the
floor height decreases, the difference between the window-wall ratio being a large or small ratio
decreases. The higher the floor height, the greater the heat loss difference between 10% and 90% in
the window-to-wall ratio. When we look at the months, it was determined that the highest heat loss
was in January and the least in May. If the window-to-wall ratio is 10% during winter, the energy
needed in a building with a floor height of 23 meters can be reduced by approximately 5.88%. When
the floor height is 10 meters, the energy required will decrease by approximately 5.1%. When the
window-to-wall ratio is used as 10% in spring, the energy need decreases by approximately 10.37%
at a height of 23 meters, while the energy need decreases by approximately 5.88% at 10 meters.

The last comparison is the comparison of window wall ratios with the changes in thermal
permeability values that provide window insulation. In Chart 4, for buildings with 90% and 10%
windows, using single glass in the windows (U value, which is the thermal transmittance value,
should be 5.2 W/ m? k), using double glass (U value, which is the thermal transmittance value, should
be 3 W/ m? k), and It is compared to using triple glass (the thermal transmittance value of U is 2 W/
m? k).
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Chart 4. Monthly effect of the relationship between window-to-wall ratio and glass types in terms
of insulation on energy consumption.

When the glass feature used in a building with a window-to-wall ratio of 10% is compared
between double and single glass, it affects the energy need by 0.7%. When double glazing and triple
glazing are compared on the same window wall, this rate is 0.3%. The difference between triple
glazing and double glazing, which are almost close to each other, decreases as the glass ratio
decreases. When the window ratio increases to 90%, the difference between single-glazing and
double-glazing rises to 5.8%. When double glazing and triple glazing are compared, the difference
in energy need decreases to 2.7%. In this case, as the window size decreases from the graph, it is
concluded that the difference between using single glass and triple glass makes less difference
compared to large proportion windows, as the heat transfer from outside and inside will decrease.
When a large proportion of windows is used, it may be recommended to use double glass instead of
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single glass to provide insulation in the window glass due to the increased heat transfer through the
window. While the similar results between double glazing and triple glazing create significant
differences in cold climates, this difference decreases in hot countries such as the Mediterranean
climate. In this case, using double glazing in buildings may be preferable in terms of cost and
efficiency.

In January, the heat losses are highest in all glass properties; in May, there is almost zero
heat loss. In June, July, August, and September, the excess heat gain accumulated in the interior
instead of heat loss, indicates that the cooling need will be high due to the characteristics of the
climate. The difference between window and wall ratios in Chart 4 shows that using single glass in
the window and applying 90% of the window on the facade causes the most heat loss and will,
therefore, affect the energy needed. In winter months, the energy need can be reduced by
approximately 11% by using a 10% window wall in single-glazed windows, and this rate increases
to 12% in the spring months. Using triple glazing will reduce the energy needed by approximately
4.9% in the winter months and by approximately 5% in the spring months. Although there is a
difference between using single glass and triple glazing in window glass, when we look at it in
general, it has been determined that the most critical factor in heat loss is the size of the window. As
the size of the window increases, the difference in heat loss between single and triple glass changes
significantly.

The research results about window characteristics show complete agreement with dedicated
studies that investigate this particular field. The optimization research study conducted by Giiven
and Akgiic (2025) examined residential buildings throughout Turkey and discovered that choosing
suitable window thermo-physical attributes functions as an effective method for decreasing energy
consumption and greenhouse gas emissions and expenses. The study examined residential building
types but the principle applies to large buildings because the research findings from Antalya indicate
that double glazing provides lower advantages than decreasing the window-to-wall ratio in that
specific climate.

If evaluated in general terms,

o By looking at the graphs, it has been determined that if insulation is used, the energy
requirement will be less when the floor height or space size increases compared to the
building without insulation.

e Designing an average floor height of 10-15 meters will yield more efficient results than
designing it higher.

e Depending on the window ratio size, double or triple glazing, if there is a large window
area, it will increase energy efficiency.

e Using insulated materials for walls, floor slabs, and roof slabs in the designed structure
and ensuring material selections with a low total U value will generally ensure that the
structure requires less energy.

e It is concluded that as long as the insulation is good, there will be no limit on the size of
the building. The size can be increased if desired, but the most efficient one should be
chosen from the one with the least square meters.

e The same energy demand is created when the maximum use of floor height in winter is
compared to the maximum use of space in summer.

e Reducing the floor height to 10 meters in winter and designing a building with a floor
height of 23 meters in summer creates the same amount of energy demand.

The findings of this study align with the broader literature regarding the dominance of
insulation in hot climates. Similar to Ucar (2023) and Canbolat et al. (2020), our results confirm that
thermal permeability is the primary driver of energy load. However, unlike residential buildings, this
study demonstrates that in large-volume structures, the 'shape factor' (specifically floor height)
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becomes a competitive variable against insulation parameters. While decreasing WWR provides
marginal gains (approx. 5-10%), volume reduction strategies offered up to 3.1 times less energy
consumption in winter. This suggests that for large-scale public buildings in Antalya, architectural
volume optimization is as crucial as material selection.

Limitations and Future Studies

This study focused primarily on the heating and cooling transmission loads of the building
envelope based on TS 825 calculation methods. It should be noted that internal heat gains from
occupants, lighting loads, and specifically the latent heat load due to pool water evaporation were
not included in this steady-state analysis. Furthermore, a key limitation of this study is its
geographical and typological scope. The parametric findings regarding energy savings, particularly
the specific percentage variations related to floor height and insulation, are derived solely from the
climatic data of Antalya and the unique thermodynamic behavior of a single-volume Olympic
swimming pool. Therefore, these quantitative results cannot be directly generalized as a macro-level
rule for all large-scale structures across the entire Mediterranean basin. Future studies should
incorporate dynamic energy simulation tools to account for humidity control and HVAC system
efficiencies in large-scale indoor pools.

Conclusion

By comparing the factors that will most affect energy efficiency in single-volume and large-
scale indoor pool structures, it has been determined that the most critical factor is insulation. Thermal
permeability values of the materials to be used, retaining heat in the interior, and preventing heat
escapes are vital factors to consider and affect energy consumption, regardless of the space size.
Another feature is floor height and space size. When the two factors are compared, and climate
characteristics are considered, the difference between the change in floor heights and the change in
space sizes during the winter months varies between at least 5% and 33%. This indicates that
lowering the floor height during the winter months will reduce the energy need, and as the space
becomes smaller, the energy demand will decrease. The energy demand difference between floor
height and space size change in summer is 50-55.3%. According to the results in the summer months,
it was concluded that reducing the floor height creates less energy demand while enlarging the space
in square meters is the most important feature that increases the energy demand. Although the change
in space sizes for the summer and winter months makes a slight difference, the main difference is the
change in floor heights. This has been deduced from the results that there is no need for additional
cooling in the space since the cooled air in summer cannot rise due to the rise of hot air and the
descent of cold air, and in winter, the need for constant heating increases due to the rise of heated
air, and the need for heating constantly increases as the floor height increases.

When the study results are compared, it is concluded that the most important thing is to use
insulation material, then pay attention to the floor height, follow the window-wall ratio, and calculate
the square meter of the space before design. This study has prepared the importance ranking to show
which feature can contribute more to energy efficiency according to the constraints in large-scale
design structures. In this way, ideal methods were determined to reduce operating expenses and
provide user comfort throughout the life of the building.
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Akdeniz ikliminde Biiyiik Ol¢ekli Kapali Havuzlarin Enerji Verimliligi Degerlendirmesi: TS
825 Standardi ile Antalya Ornegi

Giris

Enerji tiiketimi; artan niifus ve teknolojinin gelismesiyle birlikte artmaya devam eden bir
zorunluluk haline gelmis olup, Sanayi Devrimi'nden bu yana siirekli artan CO2 emisyonlari, kiiresel
1isinma ve iklim degisikligi gibi sorunlara yol agmaktadir. Enerji tiiketiminin azaltilmasi veya
stirdiiriilebilir ¢oziimler aranmast, asir1 tiikketimin 6nlenmesine yardimei olabilir. Arastirmalara gore,
gelismekte olan iilkelerde binalarin enerji tiiketimi %20 ile %40 arasinda degisirken, gelismis
iilkelerde toplam enerjinin %40" binalar tarafindan tiiketilmektedir (Rana vd., 2022; Pérez-Lombard
vd., 2008). Stephan vd. (2011), insaat sektoriiniin kiiresel tiiketime kiyasla enerji tiiketimi tizerinde
onemli bir etkiye sahip oldugunu belirtmistir. Bir diger ¢alismada, ekonomiyi de etkileyen en yiiksek
enerji tiiketimine binalarin neden oldugu ifade edilmistir (Alaidroos ve Krarti 2015). Binalardaki
enerji tiiketimindeki artig, ekolojiye en ¢ok zarar veren faktdr olarak 6ne ¢ikmaktadir. Bu nedenle
binalarda enerji verimli tasarimlarin kullanilmasi, ¢evreyi korumak adina islevsel yapilar iireterek
tilketimi azaltmaya ve insan sagligina zarar verebilecek emisyonlar1 diisiirecek siirdiiriilebilir
coziimleri kullanmaya odaklanmalidir.

Stirdiirtilebilir binalar i¢in enerji tasarrufu saglamak, insaat sektoriinde yapim siireci
tamamlandiktan sonra isletme maliyetlerini diigiirmeye yonelik ekolojik bir adimdir. Bu sekilde,
binanin kullanim siireci boyunca karbon salinimina neden olmayan ekolojik malzemelerle enerji
ihtiyacinin azaltilmasi ve aym zamanda kullanici konforunun saglanmasi amaglanmaktadir.
Literatiirdeki aragtirmalara gore, binalarin enerji performansini optimize etmek igin birtakim
metodolojiler gelistirilmis olsa da bunlarin ¢ogu birbirine benzemektedir. TS 825 standard1 gii¢lii bir
temel yontem olarak islev goriirken, gelismis analitik teknikler detayli incelemeleri araciligiyla
konuya dair daha kapsamli bir anlayis sunmaktadir. Aragtirmacilar Caner vd. (2026), bir hastane
tesisi iizerine yaptiklar1 ¢alismayla Yapay Sinir Aglarimin (YSA) binalardaki enerji tasarrufu
iyilestirmelerini degerlendirme potansiyelini ortaya koymuslardir. Mevcut aragtirma, TS 825
gerekliliklerini takip eden kararli durum yaklasimini kullanmaktadir ancak gelecekteki ¢alismalar,
gizli enerji etkilerini barindiran genis i¢ mekanlardaki karmasik enerji etkilesimlerini incelemek icin
dinamik yontemlerden faydalanacaktir.

Binalarda enerji verimliliginin saglanmasi, kullanim asamasinda islevselliklerini ve
kullanicilarin konforunu artirmay1 hedefleyecek sekilde diizenlemeler yapilarak enerji tiiketiminin
azaltilmasina dayanmaktadir (Tukhtamisheva vd., 2020). Bu baglamda, enerji tiiketimi ihtiyacini
azaltacak ¢Oziimler bulmak; isletme maliyetlerini diisiirerek kullanici memnuniyetini artiracak ve
cevreye zarar verecek tiiketimi Onleyecek tedbirler almak elzemdir. Is1 yalitimi, binalarin enerji
yiiklerini azaltmada en etkili yontem olarak genis ¢apta kabul gérmektedir. Bina duvarlarindaki 1s1
yaliimi, mekanlarin 1sitilmasi ve sogutulmasina yonelik enerji tiiketimini azaltmada en degerli
araglardan biridir (Canbolat vd., 2020). Bina duvarlarinda, tavan ve ¢at1 uygulamalarinda, zemin
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uygulamalarinda ve kapi-pencerelerde 1s1 kagisin1 Onlemek igin yalitim malzemeleri farkl
yontemlerle kullanilabilir. Is1 kagiglarin1 6nlemek ve i¢ mekandaki sicakligi sabit tutmak amaciyla
belirli kalinliklara sahip olmasi gereken yalitim malzemelerinin boyutu; iklim 6zelliklerine ve
malzeme tiiriiniin niteliklerine bagli olarak degisiklik gostermektedir.

Enerji tiikketimini ve sera gazi emisyonlarini diislirmek, ayrica daha etkili bir enerji verimliligi
stratejisi gelistirmek icin ekonomik, teknolojik ve pratik firsatlar ile kisitlamalarin arastirilip
degerlendirilmesi gerekmektedir. Binalar, enerji tiiketimini artirmak yerine alternatif yalitim
malzemeleri benimseyerek ve bu katmanlarin kalinhigint artirarak enerji taleplerini asgari diizeye
indirebilirler. Duvarlarda, pencerelerde, zeminlerde ve ¢atida yeterli ve uygun miktarda 1s1 yalitim
yapilmasi, binanin daha verimli bir sekilde 1sitilip sogutulmasina olanak tanir, enerji verimliligi
standartlar1 ne kadar yiiksek olursa enerji tiikketim maliyetleri de o kadar diisiik olur. Enerji verimliligi
gereklilikleri, degisken iklim kosullar1 nedeniyle iilkeler arasinda biiyiik farkliliklar arz etmektedir.
Ornegin, Kuzey bolgelerindeki asirn diisiik sicakliklar, o iilkelerde ¢ok yiiksek standartlarin
uygulanmasina yol agmistir (Ding vd., 2022; Csiba vd., 2016). Akdeniz iklim 6zelliklerine sahip
iilkelerde yaliim malzemeleri yaygin olarak kullanilmasa da son yillarda yapilan bazi ¢aligmalar,
bunlarm kullanimimin kayda deger farkliliklar yaratacagini kanitlamigtir. Ugar'a (2023) gore, 2012
ile 2022 yillar1 arasinda Akdeniz iilkelerinde yalitim uygulanan binalarin ortalama 1s1l gegirgenligi
incelendiginde en yiiksek 1s1l gecirgenligin Portekiz'de oldugu, en diisiik 1s1l gegirgenligin yani 1s1
korunumunu en iyi saglayan yapilarin ise italya'da uygulandigi sonucuna varilmistir (Ugar ve Akiner,
2024). Akdeniz iilkelerinde 1sitma yiikii diisiik, sogutma yiikiiniin etkisi ise yiiksek oldugundan;
diisiik 1s11 gecirgenlik katsayisi, soguk havanin yani sira 1s1y1 da hapsederek enerji tiikketimine neden
olan klimalarin daha az calistirilmasini saglamaktadir. Buna ek olarak, sicak bir iklime sahip olan
Katar (Al-Khawaja, 2004) ile muson iklimine sahip olan Cin (Aytag ve Aksoy, 2006) igin
gerceklestirilen calismalarda da yalitim malzemelerinin kullanimina ve uygun yaliim kalinliginin
tespit edilmesine dair arastirmalar mevcuttur. Tiirkiye'de Elazig i¢in yapilan bir ¢aligmada, farkl
yalitim malzemeleri adina optimum yalitim kalinliklarmin 5,4 ile 19,2 cm, enerji tasarrufunun 86,26

ile 146,05 $/ m? ve geri 6deme siirelerinin 3,56 ile 8,85 yi1l arasinda degistigi tespit edilmistir.

Enerji verimliligi Onlemlerinin ekonomik agidan uygulanabilirligi, bu adimlarin
benimsenmesinde kilit bir itici giigtiir. Asikoglu Metehan (2025), izmir'de Neredeyse Sifir Enerjili
Bina cergevesinde gerceklestirdigi bina yenileme calismasinda, bina kabugu bilesenlerinin
optimizasyonunun hem enerji tasarrufu hem de maliyet diisiisii elde etmede temel yontem oldugunu
saptamistir. Tiirkiye baglaminda, enerji ve maliyet etkin tasarimlarin; yeni ingaatlar ve zorunlu bina
yenilemeleri de dahil olmak iizere tiim yap1 projeleri i¢in ana yasal gergeve islevi goren TS 825 gibi
standartlara uymasi gerekmektedir.

Dylewski ve Adamczyk'e (2021) gore yalitim i¢in ideal kalinli§in se¢imi, malzemenin tiirii,
1s1l kalitesi, tiretim siireci ve kurulacagi iklim bolgesi gibi bir dizi faktore baglidir. Farkli yalitim
malzemeleri {iretmek igin cesitli temel materyaller ve formlar kullanilmaktadir. Ornegin yalitim
malzemesi, piiskiirtme, rulo, sert plaka formunda olabilecegi gibi yapiya kopiik olarak da
pompalanabilir (Abu-Jdayil vd., 2019). Avrupa'daki yalitim malzemeleri pazarinin %60'1, tag yiinii
ve cam yiinii gibi inorganik lifli yalitimlardan olusmaktadir. Bununla birlikte, %2 7'lik daha biiyiik
bir pazar payi ile organik kopiikler, bilhassa genlestirilmis (EPS) ve ekstriide (XPS) polistiren ile
poliiiretan (PUR) da pazarda temsil edilmektedir (Dominguez-Mufioz vd., 2010).

Duvar sistemi malzemelerinin se¢imi, gesitli performans standartlarini belirleyen kritik bir
tercihtir. Cavdar ve Lakot Alemdag (2025), Tiirkiye'nin farkl1 iklim bdlgelerinde capraz lamine ahsap
(CLT) duvar sistemlerinin ¢ok kriterli optimizasyonunu gergeklestirerek tiim yalitim seceneklerini
inceledikleri bir arastirma yiiriitmislerdir. Arastirmacilar, alternatif yapim yontemlerinin enerji
verimliligini nasil artirabilecegini gostermek amaciyla enerji, karbon ve maliyet performansi
boyutlarii ele almislardir. Mevcut calisma TS 825 standart duvar bileseni hesaplamalarini
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kullanmaktadir, ancak CLT gibi yenilik¢i sistemler iizerine yapilan arastirmalar biiyiik olcekli ve
diistik karbonlu bina tasarimlarini incelemek i¢in ileriye doniik degerli bir perspektif sunmaktadir.

Yalitimsiz bir duvara optimum yalitim kalinliginin uygulanmasi, yalittm malzemesine bagl
olarak yillik yakit tiiketimini ve emisyonlar1 %68-89,5 oraninda diisiirmektedir (Ozel, 2012). Soguk
iklimlerde, pasif ev sertifikali binalarda goézlemlendigi iizere, yalitim malzemesi kullanimi ve
kalinligi artirilmasi binalarda 10 kata varan enerji tasarrufu sagladigini kanitlamistir (Passipedia,
2021). Ne var ki, 1s1 yalitim katmaninin kalinliginin artirilmasi, bina enerji verimliligi agisindan her
zaman olumlu sonuglar dogurmamaktadir (Tukhtamisheva vd., 2020). Bunun temel nedeni, bilhassa
sicak iklimlerdeki binalarda mekan icinde asir1 1s1 birikimine yol agacak olmasidir, bu sebeple bazi
yalitim kalinliklariin soguk iklimlere kiyasla farklilik gostermesi ve binanin mekansal hacmine
bagl olarak degismesi muhtemeldir. Her bina i¢in tek bir dogru ¢oziim olamayacagindan bina
tasarimlart mekansal hacim, iklim degerleri ve mekanin islevsel Ozellikleri dikkate alinarak
gergeklestirilmelidir. Mekanin hacmi biiyiidiikge, i¢ mekandaki sicakligi sabit tutmaya yonelik
mekanik havalandirma veya elektrikli 1sitma/sogutma ihtiyaci da artacaktir.

Bir diger yontem ise pencere-cam oranlari ile kullanilan camin 6zellikleridir. Pencere
boyutu, i¢ mekanin aydinlanmasi ve giinese maruz kalma siiresine gore i¢ mekana 1s1 saglanmasinda
esasli bir yapisal elemandir. Pencerelerde 1s1 kacist olmadigi miiddetce, pencerenin boyutuna bagl
olarak i¢ mekana saglanacak enerjinin mekanik sistemler tarafindan karsilanma ihtiyacin1 ortadan
kaldiracak bir firsat dogacaktir. Bu dogrultuda, boyutun i¢ mekanin islevine gore ayarlanmasi ve
enerji verimliligine uygun boyutun tasarlanmasi, binanin kullanim halindeyken ortaya cikacak
maliyetlerini azaltabilir. Susorova vd. tarafindan 2013 yilinda yiiriitiilen bir ¢calismaya gore, pencere-
duvar oraninin (PDO) binada tiiketilen enerjiyi etkileyen bir faktor oldugu kanitlanmistir. Lee vd.'ne
(2013) gore pencere tasarimi, enerji verimliligini etkileyen son derece kritik bir bilesendir. Nitekim
arastirmalara gore, bir kuzey iilkesi olan Norveg'te pencereden gelen 1g1k miktarinin degistirilmesiyle
yillik en az %1 elektrik tasarrufu saglanabilecegi ifade edilmistir (Wang, 2020; Mirza ve Bergland,
2011). Boylece pencere boyutunun degistirilmesi soguk iklimlerde dahi i¢ mekanin enerji ihtiyacini
degistirirken, bu oran sicak iklimlerde ¢ok daha yiiksektir. Alsehail ve Almhafdy 2020 yilindaki
calismalarinda, pencere cergevesi tipinin ve malzemenin enerji verimliligini kayda deger olciide
etkileyebilecegini ve %39'dan %59'a varan oranda enerji tasarrufu saglayabilecegini belirtmislerdir.
Bina kabugunda yer alan pencere sistemleri ve 1s1 yalitimi, binanin enerji verimliligine ulagmasin
saglayan baslica bilesenler oldugundan, bina kabugu yapisi binanin girdi enerjilerinin ve isletme
enerjilerinin toplam degerini tayin etmektedir (Pacheco ve Martinez, 2012). Binanin yapist, 1sinin,
151g1n ve havanimn binada nasil dolastigini etkileyerek i¢ ve disg ortamlar arasinda bir bariyer gorevi
gorilir. Tim bunlarin bir sonucu olarak, tesisin iyi bir performans gostermesini temin etmek adina
titiz bir mimari tasarim gereklidir (Rouchier, 2018).

Hem enerji verimliligini hem de kullanici refahini dikkate alan biitiinciil tasarimin 6nemi,
afet sonrasi baglamlarda ¢ok daha net bir bicimde vurgulanmaktadir. Varolgiines vd. (2026)
tarafindan Tiirkiye'nin Bingol ilindeki kalici konutlar iizerine gerceklestirilen calisma, daha iyi
termal konfor ve i¢ ortam hava kalitesi elde etmenin ¢ok yonlii ¢oziimler gerektirdigini gostermistir.
S6z konusu aragtirma, binalarin ne kadar iyi islev gordiigiinii ve gevresel siirdiiriilebilirliklerini ne
Olciide koruduklarimi belirledikleri igin, kullanici memnuniyetini artiran tasarim yontemlerinin
uygulanmasi gerektigini ortaya koymaktadir ki bu durum, kullanici konforuna oncelik verilmesi
gereken kapali havuzlar da dahil olmak tizere tiim bina tipleri igin gecerlidir.

Enerji tiiketimini ve sera gazi emisyonlarini minimize edebileceginden 6tiirii, neredeyse sifir
enerjili binalarin tasariminda yalitim malzemesi kullanilarak yalitim yapilmasi bir zorunluluktur. Bir
binaya yalitim yapilirken, kalinligin artirilmasinin enerji, ¢evre ve ekonomik faktorler iizerindeki
etkisini dengelemek adina yaliim malzemesinin ideal kalmligini belirlemek hayati bir 6nem tasir
(Huang vd., 2020). Bina enerji verimliligini maksimize etmek i¢in bina yapisal elemanlarinin 1sil
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iletkenligi minimum diizeyde tutulmalidir. Bu gereklilik, birincil bina sinir elemanlarinin W/ m? K
cinsinden belirtilen U-degerini temel almaktadir (Avrupa Binalar Performans Enstitiisti, 2011).
Yalitim malzemesi binanin dis duvarina veya catisina tatbik edilebilecegi gibi, yapinin sadece belirli
bir kismina da uygulanabilir. Yalitim malzemeleri, bina yapisi lizerinden gergeklesen 1s1 aktarimini
dengeleyerek ve asgariye indirerek yazin 1s1 kazanciin, kigin ise tam tersi yonde 1s1 kaybinin
azaltilmasina katki saglar (Kumar vd., 2020). Binanin zemin, duvar ve cati gibi sinir bilesenleri,
binanin ne kadar enerji sarf ettigini dramatik 6lciide etkilemektedir. Binanin 1sitma gereksinimlerini
diisiirmek i¢in duvar ve zemin yerine bilhassa catiya daha kalin yalitim malzemesi yerlestirilmesi
gereklidir (Piselli vd., 2019; Braulio-Gonzalo ve Bovea, 2017; Sadineni vd., 2011). Is1 kayiplarinin
%60'a varan kismi ¢atidan kaynaklandigi i¢in gat1 yalitimi daha da kritik bir mesele haline gelmistir
(Sadineni vd., 2011). Duvar yapist baglaminda optimum yalitim malzemesinin belirlenmesi, yap1
boyunca gergeklesen 1s1 transferini azaltmaya yardimci olacaktir. Dig duvarin 1s1 yalitim sistemini
olusturan birden ¢ok katmanin temel unsuru, bizzat 1s1 yalitim malzemesinin kendisidir (Ozturan ve
Seyhan, 2024).

Bu c¢alismada, literatiirde belirtilen ve enerji tasarrufunu etkileyebilecek ozellikler kendi
iclerinde kiyaslanacak; binalarda TS 825 1s1 yalitim standardi kapsaminda Antalya ili igin
hesaplamalar yapilarak en fazla enerji tasarrufunu saglayacak 6zellik irdelenecektir. Bu ¢aligsma,
Akdeniz iklimine sahip tiim sehir ve {ilkeler i¢in biiyiik 6l¢ekli yapilara ev sahipligi yapan alanlarda
enerji verimliligini saglamay1 ve en diisiik enerji ihtiyacina yol agacak tasarim ilkelerini 6n plana
cikarmay1 hedeflemektedir. Bu ¢alisma vasitasiyla literatlirde enerji tasarrufunda elzem goriilen
ozellikler, bir kapali havuz tasarlanmak istendiginde yapi tasariminda meydana gelecek degisimle
birlikte karsilagtirmali olarak analiz edilmistir. Akdeniz iklimlerinde konutlarin enerji verimliligi
tizerine pek ¢ok calisma bulunmasina karsin, bilhassa yiiksek tavanlar ve kabuk yalitimi arasindaki
etkilesim gibi biiylik hacimli kapali havuzlarin termodinamik zorluklarina odaklanan aragtirmalar
son derece sinirh kalmaktadir. Bu ¢aligma, biiyiik Slgekli spor tesisleri i¢in spesifik olarak kat
yiiksekligi, pencere-duvar orani ve yalitimin birlesik etkilerini TS 825 standartlar1 dogrultusunda
nicel olarak degerlendirerek literatiirdeki bu boslugu doldurmaktadir.

Yontem

Bu ¢alisma, binalarimizin iyilestirici 6zelliklerine odaklanarak bilingli tasarimlar yapmay1
ve ¢evre dostu binalar {iretmeyi amac¢lamaktadir. Bu sonuglar dogrultusunda, biiyiik 6l¢ekli ve tek
hacimli binalara sahip kapali havuzlar gibi isletme giderleri yiiksek yapilarda enerji ihtiyacini
azaltarak isletme maliyetlerini diisiirmek ve enerji verimliligini artirmak amaciyla dikkate alinmasi
gereken bazi tasarim faktorleri ile bu faktorlerin yaratacagi farkliliklar incelenmistir. Tasarim,
Tiirkiye'nin Akdeniz Bolgesi'nin ortalama dis ortam sicaklifi géz Oniinde bulundurularak ve
Antalya'da uygulanabilecek bir kapali havuz yapisi referans alinarak, TS 825 Binalarda Is1 Yalittim
Kurallar1 standardina uygun, biiyiik ve tek hacimli bir bina olarak belirlenmistir. Tasarimin diger
kapali havuz yapilarina 6rnek teskil etmesi adina kat yiiksekligi, pencere boyutu, yaliim 6zellikleri
ve mekan biiyiikliigii gibi faktorlerin tasarimda yapilacak degisikliklerle enerji verimliligi iizerindeki
etkilerinin tartigilmasi hedeflenmektedir. Bu baglamda; TS 825 standardinin yalitim degerleri,
kullanilacak malzemeler ve dig hava sicaklig1 sabit tutulup belirli parametreler degistirilerek biiyiik
6lcekli binalarda enerji tasarrufuna katki saglanmas1 amaglanmaktadir. Bu dogrultuda, Antalya'daki
Muratpasa Belediyesi Siileyman Erol Olimpik Yiizme Havuzu 6zelinde enerji tasarrufu saglayacak
parametreler ile malzeme 6zellikleri belirlenmis ve olasi degisiklikleri gbzlemlemek lizere gerekli
hesaplamalar yapilmistir.
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Sekil 1. Muratpasa Belediyesi Siileyman Erol Olimpik Yiizme Havuzu, Antalya

Secilen referans bina olan Siileyman Erol Olimpik Kapali Yiizme Havuzu, yaklagik 9.000
m? toplam kapali ingaat alanina sahiptir. Net kat yiiksekligi, ¢catt makas1 yapisina bagl olarak 7 ile
15 metre arasinda degismektedir. Ana giin 15181 kaynag1 olan giiney cephesi yaklasik %85'lik bir
pencere-duvar oranina sahipken, dogu ve bati cepheleri yaklasik %15'lik bir orana sahiptir. Mevcut
durumda, bina kabugunda herhangi bir 1s1 yalittmi bulunmamaktadir. Farkli bina 6l¢eklerinin
termodinamik davranigini degerlendirmek ve saglam bir parametrik model olusturmak amaciyla, bu
referans yapinin geometrisi temel alinarak birbirinden farkli varsayimsal senaryolar tiiretilmistir. Tek
bir sabit geometriyi analiz etmek yerine, parametrik ¢alismada biiylik, orta ve kiigiik 6l¢ekli olimpik
havuz tipolojilerini temsil etmek iizere ii¢ farkli taban alani (8.000 m?, 4.800 m? ve 2.800 m?) test
edilmistir. Ayrica, dikey hacmin 1s1 birikimi ve katmanlagmasi iizerindeki kritik etkisini analiz etmek
icin, her bir alan senaryosu i¢in ii¢ standart net yiikseklik (23 m, 15 m ve 10 m) test edilmistir. Bu
matris yaklasimi, Akdeniz ikliminde hacimsel degisimlerin yalitim seviyeleriyle nasil etkilesime
girdiginin kapsamli bir bigimde anlagilmasina olanak tanimaktadir.

TS 825 standardina uygun kararli durum 1sil hesaplamalarinin tekrarlanabilirligini ve
dogrulanabilirligini saglamak amaciyla, karsilastirilan senaryolara ait bina kabugu bilesenlerinin
teknik 6zellikleri Tablo 1'de agik¢a tanimlanmustir. Iyi Yalitim terimi, Akdeniz iklimi icin Pasif Ev
standartlariyla uyumlu, yiiksek diizeyde optimize edilmis bir bina kabugunu temsil etmektedir. Bu
senaryo, 1s1l gegirgenligi (U-degeri) yaklasik 0,11 - 0,14 W/m?K seviyelerine diisiirmek icin yeterli
kalinliklarda Genlesmis Polistiren (EPS), Ekstriide Polistiren (XPS) ve Poliiiretan (PUR) gibi yiiksek
performansh yalitm malzemeleri kullanmaktadir. Buna karsilik Zayif Yalitim senaryosu ise,
bolgedeki eski biiylik 6l¢ekli kamu binalar i¢in tipik olan yalitimsiz geleneksel yapiy1 temel almakta
ve dnemli 6l¢iide daha yiiksek U-degerleri sergilemektedir.
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Tablo 1. Bina Kabugu Senaryolarinin Teknik Ozellikleri ve U-degerleri

Bina Kabugu  Senaryo Malzeme Katmanlar1 (Distan Yalitim Hesaplanan U-
Bileseni ice) Kalinhg Degeri (W/m?K)
(cm)
Dis Duvar Iyi Boya + Siva + PUR/EPS + 20 cm 0.11-0.13
Yalitim Gazbeton + Siva
Zayif Boya + Siva + Standart Betonarme Yok ~1.80-2.00
Yalitim + Siva
Cat1/ Tavan Iyi Cat Ortiisii + PUR/EPS + Buhar 20 cm 0.11
Yalitim Kesici + Betonarme Ddseme +
Stva
Zayif Standart Cat1 Ortiisii + Yalitimsiz Yok ~1.50-1.80
Yalitim Betonarme Ddseme + Siva
Zemin Iyi Granit/Mermer + Sap + 12 cm 0.10-0.22
Dosemesi Yalitim XPS/Vakum Paneli + Beton +
Toprak
Zayif Granit/Mermer + Sap + Yalitimsiz Yok >1.10
Yalitim Beton + Toprak
Pencereler Iyi Uclii Cam (Argon gazi) - 1.18 -2.00
Yalitim
Zayif Tek Cam - 5.20
Yalitim

Kararli durum enerji verimliligi hesaplamalari, Microsoft Excel ve MATLAB'de gelistirilen
0zel bir parametrik hesaplamali model kullanilarak gerceklestirilmistir. Ticari bir dinamik termal
simiilasyon yazilimi kullanmak yerine enerji talepleri, kesinlikle TS 825 standardinin (2013
revizyonu) dikte ettigi matematiksel formiilasyonlara (Denklem 1-8) ve 1s1l direng prensiplerine
dayali olarak hesaplanmistir. Antalya ili i¢in iklim ve aylik ortalama dis ortam sicaklik verileri,
dogrudan 1. Derece Giin Bolgesi i¢in TS 825 Eklerinde saglanan jenerik meteorolojik tablolardan
elde edilmistir.

Parametrik senaryo kurgusu baglaminda; dis iklim verileri, bina yonelimi ve kapali havuz
standartlarina uygun olarak 26°C'de tutulan i¢ mekan ayar sicakligi ¢alisgma boyunca kontrol
degiskenleri olarak sabit tutulmustur. Hesaplamali modelde sistematik olarak test edilen bagimsiz
degiskenler; net kat yiiksekligi, toplam taban alani, yalitim kalitesi (bina kabugu U-degerleri) ve
pencere-duvar oranidir. Bu tek degiskeni izole etme yaklagimi, her bir parametrenin toplam 1s1l yiik
iizerindeki kendine 6zgii etkisinin net bir sekilde anlagilmasina olanak tanimaktadir.

Ilk olarak, binada kullanilan malzemelerin belirlenmesi ve kalinliklar1 hakkinda bilgi
toplanmistir. Bu verilerle 1s1l gecirgenlik direnci (R) bulunmustur. Isil iletkenlik direnci denklem
1'de belirtildigi lizere, yapi bileseninin kalinlik (d) degeri, bolme islemiyle hesaplanan 1s1l iletkenlik
hesap degerine (1;,) gore hesaplanmaktadir.

d (M

Burada,

R: Is1l gegirgenlik direnci (m2.K/W),

d: Yapi bileseninin kalinligi (m),

An: Isil iletkenlik hesap degeri (W/mK).

Isitma enerjisi hesabinda kullanilacak yap1 elemaninin ortalama 1s1l gecirgenlik direnci,
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ek @

2.L, +5L;
. 3
L

L

6.L,

R=R, ;

R

2

L: Degerlendirilen yap1 bileseninin toplam genisligi veya uzunlugu (m) esitligi ile hesaplanir.
Birbirine bitisik birka¢ katmandan olusan bir yap1 bileseninin ortalama 1s1l gecirgenlik direnci (R),
denklem 3'e gore toplam 1s1l gegirgenlik katsayisi (U) ile hesaplanir.

3
R=L_(R +R) )
U
Kararli durum 1s1 akis1 yogunlugu (q), denklem 4'e gore hesaplanir.
q=U-(6,-6,) “)

Burada,

q Is1 akist yogunlugu (W/ m?),

6;: I¢ ortam sicakligi (°C),

0.: Dis ortam sicaklig1 (°C),

U: Yap1 bileseninin toplam 1s1l gecirgenlik katsayis1 (W/m?.K).

Tek bir yap1 boliimii i¢in ihtiya¢ duyulan yillik 1sitma enerjisi asagidaki denklem kullanilarak
hesaplanir.

QyuZZ Qay (5)

Qay = [H(gi - He) - 77ay(¢i,ay + ¢s,ay)]- t (6)

Burada,
Qyy: Yillik 1s1tma enerjisi ihtiyact (Joules),
Qqy: Aylik 1s1tma enerjisi ihtiyaci (Joules),
H: Binanin 6zgiil 1s1 kayb1 (W/K),
0i: Aylik ortalama i¢ ortam sicakligi (°C),
0.: Aylik ortalama dig ortam (°C),
TNay: Is1 kazanglari i¢in aylik ortalama kullanim faktorii,
Oiay: Aylik ortalama i¢ 1s1 kazanglart (W),
Os,ay: Aylik ortalama giines enerjisi kazanci (W),
t : Zaman (s) (1 ay = 86.400 x 30 saniye olarak kabul edilmistir.

[letim ve tasimim yoluyla gerceklesen 1s1 kaybi, denklem (7) ile hesaplanir. Bu denklemde,
varsa 1s1 kopriileri araciligiyla iletilen 1s1 kaybi, yap1 elemanlari {izerinden iletilen 1s1 kaybina eklenir.
Is1 kopriisii; bilesimi bitisik yiizeye kiyasla farkli olan, 1s1 kaybinin binanin ortalama 1s1 kaybindan
daha yiiksek oldugu ve kis aylarinda kararli durum igin i¢ yiizey sicakliginin daha diisiik oldugu
kisimdir.

Hr=ZAU +1 U, (7)

SAU = UpAp + UpAp+ UgAg + 0.8 UpAp +0.5 U Ay + UgAg + 0.5 UggAgs (8)

Burada,
Up: Dis duvarin 1s1 gegirgenlik katsayist W/m? K),
Up: Pencerenin 1s1 gegirgenlik katsayis1 (W/m? K),
Ux: D1s kapinin 1s1 gegirgenlik katsayis1 (W/m? K),
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Ur: Tavanin 1s1 gecirgenlik katsayis1 (W/m? K),

Us: Topraga oturan tabanin/désemenin 1s1 gecirgenlik katsayis1 (W/m? K),

Uq: D1s havayla temas eden tabanin 1s1 gegirgenlik katsayist W/m? K),

Ugs: Diistik sicakliktaki i¢ ortamlarla temas eden yapi elemanlarinin 1s1 gecirgenlik katsayis1 (W/m?
K),

Ap: Dis duvar alani (m?),

Ap: Pencere alan1 (m?),

Ax: D1s kapi alan1 (m?),

Ar: Tavan alan (m?),

A Topraga oturan taban/doseme alani (m?),

Ag: D1s havayla temas eden taban/déseme alani (m?),

Ags: Diistik sicakliktaki i¢ ortamlarla temas eden yapi elemanlarinin alani (m?).

Akdeniz iklimine sahip olan Antalya ili, TS 825 kapsaminda 1. Bolge olarak kabul
edilmektedir. Bolgenin farkli derece giin bolgelerine yonelik 1s1 kayb1 ve yogusma hesaplamalarinda
kullanilacak aylik ortalama dis ortam sicaklik degerleri asagidaki tabloda verilmistir;

Tablo 2. TS 825'e gore 1. Bolge sicaklik degerleri
Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara

1. Bolge 84 9.0 11.6 158 21.2 263 287 27.6 235 185 13.0 93
(Antalya)

Yillik ortalama 17,7°C sicaklikla karakterize edilen Antalya, kapali havuz sicakliklarinin 24—
28°C arasinda tutulmasini gerektirmektedir.

Bulgular

Bir mekandaki enerji tiiketimini pek ¢ok faktor etkileyebilir. Bu makale, s6z konusu
faktorlerden hangilerinin mekanin enerji tiikketimini en olumsuz yonde etkileyecegini karsilagtirmali
olarak analiz etmektedir. Karsilastirilacak 6zellikler asagidaki gibi dort baslik altinda toplanmugtir:

Yalitim kullanimi ile kat ytikseklikleri arasindaki iliski

Yalitim kullanimi ile mekan biiytikligii arasindaki iligki
Pencere-duvar orani ile kat yiiksekligi arasindaki iliski

Yalitim agisindan pencere-duvar orani ile cam tiirleri arasindaki iligki

bl

Bu sekilde elde edilen veriler y1l boyunca aylik olarak incelendiginde, hangi aylarda ve hangi
yontemle enerji tasarrufu saglanabileceginin arastirilmasi amacglanmaktadir. Bu ¢alisma, uygulama
Oncesi tasarima ve bina insasi sirasinda stirdiriilebilir ekolojik binalarin siirekliligine katkida
bulunacaktir. Tiirkiye'de uygulanan ve 1998 yilinda AB standartlarina uyarlanan binalarda TS 825
Is1 Yalitim Kurallari ile yapilan bu karsilagtirmanin uygulanmasi, Akdeniz iklimine sahip iilkelerde
insa edilen genis hacimli yapilara fayda saglayacaktir. Tiim operasyonel enerji azaltim cabalari,
binalar1 Net Sifir Enerjili Binalara déniistiirme genel hedefini destekleyen bina enerji azaltimina
onciiliik eder. Eksi ve ark. (2025), tekno-ekonomik ve gevresel degerlendirmeleri araciligiyla
Akdeniz Bolgesi Net Sifir Enerjili Bina hedefleri i¢in optimize edilmis bina kabuklarinin temel
islevini ortaya koymustur. Calisma, Antalya'da hacim yonetimi ile %68-89,5 enerji tasarrufu
saglayan optimize edilmis yalitimdan elde edilen enerji tasarrufu potansiyeli sonuglarini
sunmaktadir. Arastirma, bolgedeki biiylik kamu binasi projelerinin doniisiim hedeflerine ulasmasin
saglayan tasarim ilkeleri olusturmaktadir.

Ik karsilastirma, farkli kat yiiksekliklerine bagli olarak enerji tiiketimindeki farkliliklar
nedeniyle iyi yalitima sahip bir bina ile zayif yalitima sahip bir bina arasinda yapilmistir. Toplam kat
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yiikseklikleri 23 metre, 15 metre ve 10 metre arasinda degisecek olan bu mekanlarda enerji
tiikketiminin en yiiksek ve en diisiik oldugu aylar Grafik 1'de gosterilmektedir.
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Grafik 1. Yalitim kullanimi ile kat yiikseklikleri arasindaki iligkinin enerji tiiketimi
tizerindeki aylik etkisi

Enerji tiiketimi, 1liman sicakliklarin i¢ ve dis mekan kosullarini dengelemesi nedeniyle
Mayis ayinda en diisiik seviyededir. Ancak iyi yalitima sahip bir binada kat yliksekligi azaldikca, 1s1
birikimine neden oldugu icin i¢ mekandaki enerji tiiketiminin artti§1 goriilmektedir. En yiiksek
tilketim, daha az yalittimh ve 23 metre kat yiiksekligine sahip bir binadadir. Minimum tiiketimin
gerceklestigi kat yiiksekligi iyi yalitiml bir binada 10 metredir, ikinci sirada 15 metre, ii¢iincii sirada
23 metre yer alirken; bunu zayif yalitimli bir binada sirasiyla 10 metre ve 23 metre takip etmektedir.
Zayif yalitimli tiim binalara bakildiginda, kat yiiksekliklerindeki degisime bagl olarak aralarindaki
farkin, iyi yalitimli binalara kiyasla nispeten daha kiig¢iik oldugu goriilmektedir. Bu durum kig
aylarinda yalitimsiz binalarda 15 metrelik kat yiiksekligi ile 23 metrelik kat yiiksekligi arasindaki
enerji tilketiminde %15'lik bir fark yaratirken, yalittmli binada %29, 7'lik bir farka neden olmaktadir.
Yaz aylarinda ise bu fark yalitimli bir binada %36'ya ¢cikmaktadir. Yalitimsiz bir binanin kullanilmas1
durumunda, kat yliksekliginden bagimsiz olarak enerji tiiketimi her zaman yliksek olacaktir. Ancak
yalitimli bir binada kat vyiiksekliklerindeki degisiklikler enerji tiiketimini O6nemli Olciide
etkileyecektir; bu nedenle en ideal olan1 bulmak ve uygulamak gereklidir. i¢ mekanda 1s1 birikimini
ve 151 kagisini dnlemeye yonelik ¢oziimlerde de kat yiikseklikleri ideal seviyelerde tercih edilmelidir.
Tiim mekanlar ve kat yiikseklikleri i¢in en yiiksek enerji gereksinimi Ocak ayinda, en diisiik enerji
gereksinimi ise Mayis ayindadir. Tiim y1l boyunca incelendiginde, kat yiiksekligi degisiklikleri
arasindaki fark;

e Yalitimh bir binada 10 metrelik kat yiiksekligi, yalitimsiz bir binadaki 10 metrelik kat
yiiksekligine kiyasla 4,5 kat daha az enerji tilketmektedir.

e Yalitimh bir binada 15 metrelik kat yiiksekligi, yalitimsiz bir binadaki 15 metrelik kat
yiiksekligine kiyasla 3,7 kat daha az enerji tiiketmektedir.
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e Yalitimh bir binada 23 metrelik kat yiliksekliginin, yalitimsiz bir binadaki 23 metrelik
kat yiiksekligine kiyasla 3,1 kat daha az enerji tiikettigi sonucuna varilmistir.

Bu durumda, s6z konusu veriler binadaki kat ytiksekligi kullaniminda yalitimin temel bir
faktor oldugunu gostermistir. Yalitimin ¢ok iyi olmasi ve 23 metrelik kat ytiksekligi kullanilmasi
durumunda bunun kis aylarinda enerji verimliligini yaklasik %68 oraninda etkileyecegi, 10 metre
kullanilmas1 durumunda ise verimliligi yaklasik %78 oraninda etkileyecegi tespit edilmistir. Yaz
aylarinda 1sinin igeride birikmesini 6nlemek amaciyla iyi yalitim kullanilmasiyla, 23 metre kat
yiiksekligine sahip bir mekanda enerji verimliliginin yaklasik %67 oraninda artacagi, 10 metre
kullanilmas1 durumunda ise bu verimliligin yaklasik %76 oraninda artacagi sonucuna varilmstir. Ist
kayiplarinin en ¢ok Ocak ayinda, en az ise Mayis ayinda meydana gelecegi goriilmektedir.

Iyi yalittimli mekan ile zayif yalitimli mekan arasindaki metrekare farki incelendiginde,
mekan biiyiidiik¢e enerji tiiketiminin de arttig1 goriilmektedir. Aylik degisimleri gosteren Grafik 2'de
de belirtildigi iizere, yalitim seviyesindeki degisiklikler 6nemli farkliliklar yaratmaktadir.
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Grafik 2. Yalitim kullanimi ile mekan biiyiikliigii arasindaki iligskinin enerji titketimi tizerindeki
aylik etkisi.

Yalitim kalitesinin etkisini hacimsel etkilerden ayirmak i¢in sonuglar, yalitim seviyeleri
degistirilirken taban alan sabit tutularak analiz edilmistir. Grafik 2'de gosterildigi gibi, taban alam
8.000 m?'de sabit tutuldugunda, zayif yalitimdan iyi yalitima gegis, yillik enerji talebinde tutarlt bir
sekilde yaklasik %75'lik bir azalma saglamaktadir. Benzer sekilde, hacimsel degisimin etkisi
bagimsiz olarak (yalitim iyi seviyede sabit tutularak) gézlemlendiginde, taban alaninin 8.000 m*den
2.800 m?'ye disiiriilmesi 1sitma yiikiinde %40'lik bir azalmayla sonuglanmaktadir. Bu ayristirma,
hacim kiigiiltmenin dogrusal verimlilik kazanimlan saglarken, performans verilerindeki en belirgin
varyasyondan sorumlu olan yalitim optimizasyonunun toplam enerji tasarrufunun birincil itici giicii
olmaya devam ettigini dogrulamaktadir.

Kigin 1sitma yiikii artar ve sogutma yiikii azalir. Iyi ve zayif yalittmli mekanlar arasindaki
enerji ihtiyaci farki artar. Yazin ise 1sitma yiikii azalir ve sogutma yiikii artar. Enerji ihtiyacinin en
diisiik oldugu aylar Mayis ve Ekim iken, iyi yalitimli mekanlar ile zayif yalitimli mekanlar arasindaki
metrekare degisimlerine bagli olarak Nisan ve Kasim aylar1 arasindaki farkin arttigi goriilmektedir.
Grafik 2'ye gore yalitimin etkisi, mekanin bilyiikliigiine gore enerji ihtiyacini etkileyen 6nemli bir
faktor oldugunu gostermistir. Iyi yalitilmig 8.000 m>'lik bir alan ile zayif yalitilmis 2.800 m?'lik bir
alan arasindaki 1s1 kaybi oranlar1 birbirine ¢ok yakindir. Bu durumda, grafikten anlasildig: iizere
mekan biiyiikliigiine karar verirken dikkate alinmasi gereken en kritik faktér yaliimdir. En yiiksek
151 kayb1 oraninin Ocak ayinda, en diisiik oraninin ise Ekim ayinda oldugu belirlenmistir. Grafikten
elde edilen sonuglar, iyi yalitimli 2.800 m? alana sahip mekanlarin tiim aylara kiyasla en diisiik 1s1
kayb1 oranina sahip oldugunu gostermektedir. Kis aylarinda, 8.000 m? kullanim alanina sahip
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mekanin enerji ihtiyaci, yapr elemanlarinin iyi ve zayif yalitimi arasinda yaklasik %62 oraninda
azalmaktadir. Mekan 2.800 m? oldugunda bu oran yaklasik %63,2'dir. ilkbahar aylarinda 8.000 m?
kullanim alanina sahip mekanin enerji ihtiyaci, yapi elemanlarinin iyi ve zayif yalitim arasinda
yaklasik %71,46 oraninda azalmaktadir. Mekan 2.800 m? olarak kullanildiginda enerji gereksinimi
en az %70,5, en fazla %100 oraninda azalmaktadir. Yalitim, Nisan ayindan sonra i¢ mekanda 1s1
birikimine neden oldugundan, yaz aylarinda ve sonbaharin ilk aylarinda havalandirma veya sogutma
ihtiyact bir miktar artmaktadir.

Pencere-duvar oranlarinin etkisini gosteren Grafik 3'e gore %90 ve %10 oranlar
karsilastirllmigtir. Pencere-duvar orami kat yiiksekligine gore degismektedir. Bu nedenle Grafik
1'deki 23 metre, 15 metre ve 10 metrelik kat yiikseklikleri baz alinarak karsilagtirma yapilmstir.
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Grafik 3. Pencere-duvar oran1 (PDO) ile kat yiiksekligi arasindaki iliskinin enerji tiiketimi
iizerindeki aylik etkisi.

Pencere-duvar oranlar1 kat yiiksekliklerine gore karsilastirildiginda, tim aylarda kat
yiikseklikleri esit oldugunda %90 veya %10 degerlerine sahip binalarin benzer enerji tiiketimi
saglayabildigi goriilmektedir. Bu sonuglara gore, tiim aylarda %90 pencere-duvar oranina sahip bir
binada kat yiiksekligi 23 metre oldugunda ve %10 pencere-duvar oranina sahip bir binada kat
yiiksekligi 23 metre oldugunda, enerji verimliligi lizerindeki etki yaklasik %5,8'dir. Kesin oran 15
metrelik kat yliksekliginde %5,4 ve 10 metrelik kat yiiksekliginde ise %4,9'dur. Kat yiiksekligi
azaldikca, verimlilik farklari neredeyse birbirine yaklagsmaktadir. Bu durumda, pencere-duvar
oranindaki degisimin farki, enerji verimliligi oranin1 hafifce etkileyen bir faktordiir.

Pencere-duvar orami ile kat yiiksekligi arasindaki iliskiye baktigimizda, kat yiiksekligi
azaldikca pencere-duvar oraninin bilylik veya kiigiik olmasi arasindaki farkin da azaldigi goriiliir.
Kat yiiksekligi ne kadar fazla olursa, pencere-duvar oranindaki %10 ile %90 arasindaki 1s1 kaybi
farki da o kadar biiyiik olmaktadir. Aylara bakildiginda, en yiiksek 1s1 kaybinin Ocak ayinda, en az
1s1 kaybinin ise Mayis ayinda oldugu belirlenmistir. Kis aylarinda pencere-duvar oran1 %10 ise, kat
yiiksekligi 23 metre olan bir binada ihtiya¢ duyulan enerji yaklasik %5,88 oraninda azaltilabilir. Kat
yiiksekligi 10 metre oldugunda ise gerekli enerji yaklasik %5,1 oraninda azalacaktir. ilkbaharda
pencere-duvar orani %10 olarak kullanildiginda, 23 metre yiikseklikte enerji ihtiyaci yaklasik
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%10,37 oraninda azalirken, 10 metre ylikseklikte enerji ihtiyaci yaklasik %35,88 oraninda
diismektedir.

Son karsilagtirma, pencere-duvar oranlarinin pencere yalitimini saglayan 1sil gegirgenlik
degerlerindeki degisimlerle karsilastirilmasidir. Grafik 4'te, %90 ve %10 pencereli binalar igin
pencerelerde tek cam kullanimi (181l gegirgenlik degeri olan U degeri 5,2 W/m?K olmalidir), ¢ift cam
kullanimi (1s1l gegirgenlik degeri olan U degeri 3 W/m?K olmalidir) ve {iglii cam kullanimi (U 1s1l
gecirgenlik degeri 2 W/m?K'dir) birbiriyle karsilastiriimaktadir.
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Grafik 4. Pencere-duvar orani ile cam tiirleri arasindaki iligkinin, yaliim agisindan enerji tiiketimi
iizerindeki aylik etkisi.

%10 pencere-duvar oranina sahip bir binada kullanilan cam 6zelligi ¢ift ve tek cam arasinda
karsilastirildiginda, enerji ihtiyacini1 %0,7 oraninda etkilemektedir. Ayni pencere duvarinda ¢ift cam
ile ii¢lii cam karsilastirildiginda ise bu oran %0,3'tiir. Birbirine neredeyse yakin olan ii¢lii cam ile ¢ift
cam arasindaki fark, cam orani azaldik¢a diismektedir. Pencere oran1 %90'a ¢iktiginda, tek cam ile
¢ift cam arasindaki fark %5,8'e yiikselmektedir. Cift cam ile Ui¢lii cam karsilastirildiginda ise enerji
ihtiyacindaki fark %2,7'ye inmektedir. Bu durumda, grafikten de anlasildig1 lizere pencere boyutu
kiigiildiikge, disaridan ve igeriden 1s1 transferi azalacagindan tek cam ile iiglii cam kullanimi
arasindaki farkin, biiyiik oranli pencerelere kiyasla daha az fark yarattigi sonucuna varilmaktadir.
Biiyiik oranda pencere kullanildiginda, pencere iizerinden artan 1s1 transferi nedeniyle pencere
caminda yalitim saglamak i¢in tek cam yerine ¢ift cam kullanilmas1 onerilebilir. Cift cam ile tiglii
cam arasindaki benzer sonuglar soguk iklimlerde belirgin farklar yaratirken, Akdeniz iklimi gibi
sicak bolgelerde bu fark azalmaktadir. Bu durumda binalarda ¢ift cam kullanilmasi maliyet ve
verimlilik agisindan daha ¢ok tercih edilebilir.

Ocak ayinda, tiim cam &zelliklerinde 1s1 kayiplar1 en yliksek seviyededir, Mayis ayinda ise
1s1 kaybi neredeyse sifirdir. Haziran, Temmuz, Agustos ve Eyliil aylarinda ise 1s1 kaybi yerine i¢
mekanda biriken asir1 1s1 kazanci, iklimin 6zellikleri nedeniyle sogutma ihtiyacinin yiiksek olacagim
gostermektedir. Grafik 4'teki pencere ve duvar oranlar1 arasindaki fark, pencerede tek cam
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kullanmanin ve cephenin %90'imda pencere uygulamanin en fazla 1s1 kaybina neden oldugunu ve bu
nedenle ihtiya¢ duyulan enerjiyi etkileyecegini gostermektedir. Kis aylarinda, tek camli pencerelerde
%10 pencere-duvar orani kullanilarak enerji ihtiyaci yaklasik %11 oraninda azaltilabilir ve bu oran
ilkbahar aylarinda %12'ye ¢ikmaktadir. Uglii cam kullanimu, ihtiyag duyulan enerjiyi kis aylarinda
yaklasik %4,9, ilkbahar aylarinda ise yaklasik %5 oraninda azaltacaktir. Pencere camlarinda tek cam
ile iiglii cam kullanimi arasinda fark olmasina ragmen, genel olarak bakildiginda 1s1 kaybindaki en
kritik faktoriin pencerenin boyutu oldugu belirlenmistir. Pencerenin boyutu arttikca, tek ve tiglii cam
arasindaki 1s1 kaybi1 farki da 6nemli 6lclide degismektedir. Pencere 6zelliklerine iligkin arastirma
sonuglari, bu 6zel alan1 inceleyen konuya yonelik ¢caligmalarla tam bir uyum gostermektedir. Giiven
ve Akgii¢ (2025) tarafindan yiiriitiilen optimizasyon arastirma ¢aligmasi, Tiirkiye genelindeki konut
binalarin1 incelemis ve uygun pencere termo-fiziksel 6zelliklerini segmenin; enerji tiiketimini, sera
gazi emisyonlarini ve masraflar azaltmak i¢in etkili bir yontem olarak islev gordiigiinii kesfetmistir.
Calisma konut tipi binalar1 incelemis olsa da, Antalya'dan elde edilen arastirma bulgulari, o spesifik
iklimde ¢ift cam kullaniminin, pencere-duvar oranini azaltmaktan daha az avantaj sagladiginm
gosterdigi igin bu prensip biiyiik binalar i¢in de gegerlidir.

Genel olarak degerlendirildiginde;

e (Qrafiklere bakildiginda, yalitim kullanilmasi durumunda, kat yiiksekligi veya mekan boyutu
arttiginda enerji gereksiniminin yalitimsiz binaya gore daha az olacagi belirlenmistir.

e Ortalama 10-15 metrelik bir kat yiiksekligi tasarlamak, daha yiiksek tasarlamaya gore daha
verimli sonuglar verecektir.

e Pencere orani boyutuna bagl olarak, biiyiik bir pencere alani varsa ¢ift veya l¢lii cam
kullanmak enerji verimliligini artiracaktir.

e Tasarlanan yapida duvarlar, kat dosemeleri ve cati dosemeleri i¢in yaliimli malzemeler
kullanmak ve diisiik toplam U degerine sahip malzeme segimleri yapmak, genel olarak
yapinin daha az enerjiye ihtiyag duymasini saglayacaktir.

e Yalitim iyi oldugu siirece binanin boyutunda bir sinir olmayacagi sonucuna varilmistir.
Istenirse boyut artirilabilir, ancak en verimli olan segenek en az metrekareye sahip olandan
yana kullanilmalidir.

e Kisin kat yiiksekliginin maksimum kullanimi ile yazin mekanin maksimum kullanimi
karsilastirildiginda ayni enerji talebi ortaya ¢ikmaktadir.

e Kisin kat yiiksekligini 10 metreye diisiirmek ile yazin 23 metre kat yiiksekligine sahip bir
bina tasarlamak ayni1 miktarda enerji talebi yaratmaktadir.

Bu calismanin bulgulari, sicak iklimlerde yaliimim baskinhigina iliskin genis kapsamli
literatiirle uyumludur. Ugar (2023) ve Canbolat vd. (2020) ¢alismalarina benzer sekilde, sonuglarimiz
1s11 gegirgenligin enerji yiikiiniin temel belirleyicisi oldugunu dogrulamaktadir. Ancak konut
binalarindan farkli olarak bu calisma, biiyiik hacimli yapilarda 'sekil faktoriiniin' (6zellikle kat
yiiksekliginin) yalitim parametrelerine karsi rekabetgi bir degisken haline geldigini géstermektedir.
Pencere-duvar oranimi azaltmak smirli kazanimlar (yaklasik %5-10) saglarken, hacim azaltma
stratejileri kis aylarinda 3,1 kata kadar daha az enerji tiiketimi saglamistir. Bu durum, Antalya'daki
biiyiik 6l¢ekli kamu binalari i¢in mimari hacim optimizasyonunun malzeme sec¢imi kadar kritik bir
oneme sahip oldugunu gostermektedir.

Smirhiliklar ve Gelecek Arastirmalar

Bu ¢alisma, temel olarak TS 825 hesaplama ydntemlerine dayali olarak bina kabugunun
1sitma ve sogutma iletim yiiklerine odaklanmistir. Kullanicilardan kaynaklanan i¢ 1s1 kazanglarinin,
aydinlatma yiiklerinin ve 6zellikle havuz suyunun buharlasmasindan kaynaklanan gizli 1s1 yiikiiniin
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bu kararli durum analizine dahil edilmedigi belirtilmelidir. Ayrica, bu calismanin temel
kisitlamalarindan biri cografi ve tipolojik kapsamidir. Enerji tasarrufuna iliskin parametrik bulgular,
ozellikle kat yiiksekligi ve yalitimla ilgili spesifik yilizdesel degisimler, yalnizca Antalya'nin iklim
verilerinden ve tek hacimli olimpik bir yiizme havuzunun benzersiz termodinamik davranigindan
elde edilmistir. Bu nedenle, bu nicel sonuglar tim Akdeniz havzasindaki biiyiik 6l¢ekli yapilarin
tamami i¢in makro diizeyde bir kural olarak dogrudan genellenemez. Gelecekteki ¢caligsmalar, biiyiik
Olcekli kapali havuzlarda nem kontroliinii ve HVAC sistemi verimliliklerini hesaba katmak i¢in
dinamik enerji simiilasyon araglarini icermelidir.

Sonuclar

Tek hacimli ve biiyiik 6lcekli kapali havuz yapilarinda enerji verimliligini en ¢ok etkileyecek
faktorler karsilastirilarak, en kritik faktoriin yalitim oldugu belirlenmistir. Kullanilacak malzemelerin
1s1l gegirgenlik degerleri, 1sinin igeride tutulmasi ve 1s1 kagislarinin dnlenmesi, mekan boyutundan
bagimsiz olarak dikkate alinmasi gereken ve enerji tiiketimini etkileyen hayati faktorlerdir. Bir diger
ozellik ise kat yiiksekligi ve mekan boyutudur. ki faktor karsilastirildiginda ve iklim 6zellikleri goz
Oniine alindiginda, kis aylarinda kat yiiksekliklerindeki degisim ile mekan boyutlarindaki degisim
arasindaki fark en az %5 ile %33 arasinda degismektedir. Bu durum, kis aylarinda kat yiiksekligini
diisiirmenin enerji ihtiyacin1 azaltacagimi ve mekan kiiciildiikce enerji talebinin diisecegini
gostermektedir. Yaz aylarinda kat yiiksekligi ile mekan boyutu degisimi arasindaki enerji talebi farki
ise %50-55,3'tlir. Yaz aylarindaki sonuglara gore, kat yiiksekligini azaltmanin daha az enerji talebi
yarattig1, mekani metrekare olarak biiyiitmenin ise enerji talebini artiran en 6énemli 6zellik oldugu
sonucuna varilmistir. Yaz ve kis aylari icin mekan boyutlarindaki degisim kiigiik bir fark yaratsa da,
temel fark kat yiiksekliklerindeki degisimdir. Sicak havanin yiikselip soguk havanin al¢almasi
nedeniyle, yazin sogutulan havanin yiikselemeyecegi i¢cin mekanda ek bir sogutmaya ihtiyag
duyulmadigi; kisin ise 1sinan havanin yiikselmesi sebebiyle siirekli 1sitma ihtiyacinin arttigi ve kat
yiiksekligi arttikca bu 1sitma ihtiyacinin da siirekli olarak arttigi, elde edilen sonuglardan
¢ikartlmisgtir.

Calisma sonuglar1 karsilastirildiginda, en 6nemli unsurun yalitm malzemesi kullanmak
oldugu; ardindan kat yiiksekligine dikkat etmenin, pencere-duvar oranimi dikkate almanin ve
tasarimdan Once mekanin metrekaresini hesaplamanin geldigi sonucuna varilmistir. Bu ¢alisma,
biiyiik 6lgekli tasarim yapilarindaki kisitlamalara gore hangi 6zelligin enerji verimliligine daha fazla
katkida bulunabilecegini gostermek amaciyla bir 6nem siralamasi sunmustur. Bu sayede, binanin
omrii boyunca igletme giderlerini azaltmak ve kullanici konforunu saglamak igin ideal yontemler
belirlenmistir.
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