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ABSTRACT 

 

EMPLOYING INNOVATIVE ENERGY-SAVING AND 

OPTIMIZATION TECHNIQUES FOR A ZERO-ENERGY 

CONSUMPTION 

 

                                                       AYESH, Baraa Mwafaq Ayesh 

 M.Sc., Mechanical Engineering, Altınbaş University, 

       Supervisor: Asst. Prof. Dr. Yaser ALAIWI 

       Date: 08/2023 

       Pages: 65 

 

This master’s thesis was guided to determine the critical contributions and essential 

benefits of various energy-saving strategies and optimization approaches to help achieve 

zero-energy consumption facilities that are more sustainable and energy-efficient. To 

accomplish this goal, the energy performance, profitability analysis, and thermal behavior 

were assessed and evaluated for a building in Turkey investigated as a case study. 

Extensive simulations and comparative explorations were carried out via the Python 

software package. Based on the mathematical simulations and numerical modeling 

research, it was found that using innovative insulating materials, passive cooling and 

heating techniques, and advanced energy-efficiency strategies could help improve the 

Turkish residential building’s energy performance in terms of energy efficiency, 

occupants’ comfort, and cost-effectiveness. Furthermore, the results revealed that the 

Turkish facility’s thermal behavior was significantly fostered by the employment of those 

active energy-saving methods. Besides, relative humidity, interior temperature, cooling 

and heating loads, and the overall annual energy consumption linked to cooling and 

heating loads, were alleviated and effectively minimized, fulfilling promoted economic 

feasibility. According to these findings, this master’s research offers valuable advice for 

different building designers and engineers to help attain boosted energy efficiency in 

residential buildings. 
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1.  INTRODUCTION  

1.1 RESEARCH BACKGROUND 

Around the world, there has been a significant increase in the use of sophisticated 

mechanisms and creative strategies for energy conservation, such as (A) passive lighting 

techniques (such as light shelves, mirrors, light tubes, transparent doors, skylights, and 

employment of reflective surfaces and light colors in roofs, ceilings, and walls) [1]–[8], 

(B) thermal losses mitigation techniques (such as double and triple-pane windows, thermal 

insulation material), and (C) lighting controls. [9]–[11] Using smart Renewable Energy 

(RE) generating techniques in houses, such as the Photovoltaic (PV) systems illustrated in 

Figure 2, geothermal heat pumps illustrated in Figure 3, as well as solar collectors (such 

as SECTs [12]–[14] or a straightforward flat plate). It's also important to note that the 

creation of new materials (such as Phase Change Materials (PCMs) [15]–[18], smart 

materials, nanoparticles, graphene, advanced composites, and other technologies) has led 

to a sharp decline in the price and budget associated with using those new techniques. 

These innovative materials can rely on clever, affordable, and energy-efficient principles 

to provide cost-effective, profitable, energy-feasible, longer lifespans, and significant 

resistance to mold, humidity issues, fire, and heat transfer [19]–[22]. Examples of such 

concepts include a texture with a high degree of porosity and the use of silver and white 

for their superior heat and radiation reflection. The development of unique, useful 

materials that consider environmental sustainability and alternative manufacturing 

methods that may rely on the recycling, reuse, recovery, and reduction (4R) principles has 

also received significant attention from academics in recent years [23], [24].  

According to [25]–[30], those unique materials include bio-based materials, 

environmentally friendly compounds, and nature-derived polymers that are significant to 

give some positive attributes and critical contributions to the environment :  

a. Reducing pollution,  

b. Minimizing waste of used materials and ended-lifespan substances thrown in land and 

sea, contributing to negative influences of wildlife and marine creatures,  

c. Saving colossal mass and amount of metals and other materials that cannot be easily 

recycled or recovered, or renewed in future. 
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d. Treating some very long lifespan materials (like plastics) that may not be degraded or 

decay unless the prolonged period of years is exceeded. Examples of those active 

techniques include the utilization of microplastics, nano-plastics, biomaterials in 

construction and biodiesel for heat production.  

The use of excellent vegetation and trees for shade, such as egg crates, vertical and 

horizontal louvers, and overhangs, as well as clever architectural design and an adequate 

building envelope, may also reduce significant cooling and heating loads required in 

different seasons [31]–[36]. Additionally, the so-called energy auditing approach, which 

is effective at reducing energy usage in many small and large-scale facilities, was notably 

used to reduce the high electricity bills in houses, factories, hotels, and industrial buildings 

[37]–[48]. In this method, mechanical, electrical, and architectural engineers can conduct 

a thorough examination of the structure, looking for and identifying various mechanisms 

and workable solutions to get rid of extraneous cooling or heating in the structure and 

provide passive energy and RE generation methods without compromising occupant 

comfort. This practical method might assist owners achieve more sustainability and 

economic viability over the long run while saving significant amounts of money that 

would otherwise be spent on a monthly or annual basis.  

 

Figure 1.1: Examples of Common and Practical Insulation Materials Employed in the Market: 

(a) Rock Wool, (b) Fiberglass, (c) Polyethene Rolls, and (d) Cellulose Insulation Materials [49]–

[52]. 
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Figure 1.2: Using Modern PV On-Grid Systems to Cover the Electrical Demand of the Whole 

Home [53]. 
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Figure 1.3: Geothermal Heat Pump to Cover the Heating and Cooling Loads in Homes [54]. 

 

1.2 PROBLEM STATEMENT 

Over the last decades, the construction industry witnessed the implementation, 

development, design, and evolution of various state-of-the-art approaches and intelligent 

techniques characterized by their significant energy efficiency, beneficial mechanical 

properties, and valuable thermal effectiveness, helping mitigate the considerable demand 

for cooling and heating loads during summer and winter, respectively, alleviate the 

extensive dependence on electrical power (that relies on fossil fuels for generation), reduce 

Greenhouse Gas Emissions (GHGs), and minimize different adverse impacts of 

conventional construction materials and obsolete methods of energy provision for dwellers 

in various commercial and residential buildings that may influence the environment and 

result in harmful effects on nature [55]–[58]. It is highly advised and popular in Turkey to 

use these efficient energy consumption mitigation techniques in homes and other facilities 

to help owners save major budgets and expenses incurred for cooling, heating, and other 

thermal functions. The Zero-Energy Consumption Building (ZECB) is another smart and 

sensible idea that has lately been widely accepted by several experienced engineers and 

facility owners across the world [59].  
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This notation shows that the entire facility could rely entirely on energy-efficient heating, 

cooling, hot water, and other requirements based on solar energy, wind energy, passive 

cooling and heating techniques, and practicable insulation materials to reduce any type of 

energy losses or waste during the day and night. This research will be directed to examine 

and categorize the significant contributions and positive impacts of using this novel 

concept for a case study representing a building in Turkey, illuminating potential energy 

consumption optimization methods and thermal losses alleviation strategies to help the 

building approach a ZECB. Numerical Simulation Analysis (NSA) will be adopted in this 

research via the MATLAB® software package to achieve the goal of this study, assessing 

the thermal comfort, thermal loss elements, and factors that influence the degrees of 

emissions and energy consumption in this building.    

1.3 RESEARCH MAJOR AND MINOR OBJECTIVES  

The  goal of the research is to evaluate and analyze the crucial role that contemporary 

energy-saving methods and sustainable energy consumption strategies (such as the use of 

thermal insulation) play in reducing the need for cooling and heating as well as other 

thermal requirements in buildings for the best possible thermal comfort. Therefore, it is 

essential to develop a set of precise (small) goals that aid in ensuring the effective 

completion of this activity.  

These secondary goals include the following elements: 

a. To illuminate and examine novel processes and modern practices used to improve the 

facilities' energy performance and thermal comfort while taking steps to reduce energy 

use and electricity costs.    

b. To draw attention to current innovations and key notations used to improve energy 

usage, with an emphasis on ZECB and numerical simulations of this issue. 

c. To choose a case study that represents a building in Turkey and utilize an energy 

auditing method that identifies, determines, and employs cutting-edge and useful 

energy-saving techniques. 
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d. To carry out numerical simulations to assess and analyze this building in terms of GHG 

emissions, thermal comfort and effectiveness, and thermal losses with the help of the 

MATLAB® software tool.      

e. To validate, verify, and modify the research findings depending on construction 

professionals and high-knowledge energy specialists and simulation experts.  

1.4 RESEARCH QUESTIONS  

Using the previously mentioned major and minor aims as a guide, the study questions may 

be divided into the following categories: 

a. General Question: Could the employment of innovative insulation materials and recent 

energy efficiency strategies reduce the electrical bill and optimize the energy 

consumption of buildings?  

b. Specific Questions:  

i. Would utilizing innovative passive lighting provide a sufficient illumination 

amount for zones in the building without depending on the electrical network?  

ii. Would using double or triple-pane windows offer adequate thermal stability and 

better thermal performance in the building? 

iii. Does using RE systems reduce the heavy electrical power demand of the building, 

maintaining optimum and appropriate thermal comfort?  

iv. Could using various passive lighting methods and alternative heating and cooling 

systems help accomplish a ZECB? 

v. Can the implementation of energy auditing techniques in the building optimize the 

thermal losses and save much amount of cooling and heating energy wasted in all 

seasons? 

vi. Do modern thermal insulation materials and finishing materials provide significant 

rates of sustainability and cost-effectiveness, taking into account the thermal 

comfort aspects for residents in the building?  

vii. Would the adoption of modern intelligent, and sustainable construction materials 

alleviate the GHG emissions, paying attention to the thermal performance 

fundamentals of the facility? 
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1.5 SIGNIFICANCE OF THE STUDY  

The major contributions of this research consist of two main relevances. These critical 

significances are (i) Theoretical significance and (ii) Practical significance. More 

information about these three significances is provided in the paragraphs that follow. 

1.5.1 Theoretical Significance 

The theoretical importance of this work is demonstrated by shedding light on new 

materials used for various construction purposes, such as insulation, finishing, protection, 

decor, and thermal comfort. These materials are distinguished by their higher 

performance, more effectiveness in achieving better thermal stability, and cost-

effectiveness in terms of their price compared to conventional and outdated materials. 

Additionally, this master's research aims to identify and categorize the crucial positive 

effects of those modern construction materials in lowering buildings' high electrical costs 

and energy requirements for cooling and heating in the summer and winter while 

maintaining the best possible thermal conditions for building occupants. It is important to 

note that there are just a few peer-reviewed studies and fewer current research publications 

that address the crucial importance of those contemporary, workable, and innovative 

materials in providing residents with the proper thermal needs. This remark was made for 

a reason connected to the fact that the worldwide market and the building industry make 

extensive use of many new material categories that have lately been created and 

manufactured. However, as the present literature lacks these numerical analysis features, 

there is a need to give further validation, verification, and confirmation of the key 

functions, crucial merits, and considerable qualities of those materials based on numerical 

analysis, modelling, and simulation work. This study is being done in an effort to fill all 

of those research gaps.    

1.5.2 Practical Significance 

Additionally, this study is being conducted to offer some useful insights to the mechanical 

engineering community, specialists in insulating materials, project managers, construction 

consultants, and thermal analysis engineers for the Turkish and international building 

industries. In order to provide better thermal comfort, significant cost-effectiveness, and a 
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reduction in thermal losses to reduce the electrical bill and the heating and cooling energy 

requirements of the facility, this work will first offer a set of substantial guidelines and 

critical aspects for decision-makers in the construction sector. Chief mechanical engineers 

can use these guidelines to adopt and consider the employment of modern construction 

materials in various buildings and projects. Additionally, the numerical outcomes and 

simulation outputs that will be produced by the BEM approach will assist researchers and 

academics who are interested in assessing and evaluating the mechanical characteristics 

and thermal performance of modern construction materials that can be used for insulation, 

finishing, and other purposes while maintaining low installation and maintenance costs 

and resisting various issues over their lifespan, such as thermal losses, fire, and mold.  

1.6 RESEARCH HYPOTHESIS  

In order to improve the thermal stability and comfort of occupants in buildings, as well as 

to decrease thermal losses and enormous electricity bill budgets, high-thermal 

performance techniques and new sustainable tools are being investigated and evaluated in 

this study. The numerical analysis from this study will be used to confirm or refute the 

research hypothesis. The following sentences can present these theories:  

a. Null Hypothesis, 𝐻𝑜 – which considers that: “Buildings’ electrical bills and energy 

consumption may still be not managed or optimized in case cutting-edge insulating 

materials and innovative energy efficiency approaches are applied.” 

b. Sub-Alternative Hypothesis, 𝐻𝑎,1 – which suggests that: “Utilizing innovative passive 

lighting provides a sufficient illumination amount for zones in the building without 

depending on the electrical network.” 

c. Sub-Alternative Hypothesis, 𝐻𝑎,2 – which assumes that: “Using double or triple-pane 

windows offers adequate thermal stability and better thermal performance in the 

building.” 

d. Sub-Alternative Hypothesis, 𝐻𝑎,3 – which considers that: “Implementing RE systems 

reduces the heavy electrical power demand of the building, maintaining optimum and 

appropriate thermal comfort.” 

e. Sub-Alternative Hypothesis, 𝐻𝑎,4 – which suggests that: “Utilizing 
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f. Sub-Alternative Hypothesis, 𝐻𝑎,5 – which suggests that: “Using various passive 

lighting methods and alternative heating and cooling systems help accomplish a 

ZECB.” 

g. Sub-Alternative Hypothesis, 𝐻𝑎,6 – which suggests that: “The implementation of 

energy auditing techniques in the building optimizes the thermal losses and saves 

much amount of cooling and heating energy wasted in all seasons.” 

h. Sub-Alternative Hypothesis, 𝐻𝑎,7 – which suggests that: “Modern insulation materials 

and finishing materials provide significant rates of sustainability and cost-

effectiveness, taking into account the thermal comfort aspects for residents in the 

building.” 

i. Sub-Alternative Hypothesis, 𝐻𝑎,8 – which suggests that: “The adoption of modern 

intelligent and sustainable construction materials alleviate the GHG emissions, paying 

attention to the thermal performance fundamentals of the facility.” 

1.7 RESEARCH METHODOLOGY  

The study process will begin with a thorough literature evaluation, which will discuss and 

identify significant contributions as well as the crucial importance of modern building 

materials and energy-saving techniques. Additionally, a thorough evaluation of the 

literature is necessary for categorizing important BEM tools and numerical modeling and 

simulation techniques in order to address and evaluate building thermal performance, heat 

stability, and thermal loss issues. Following this phase, a case study of a building in Turkey 

will be selected and analyzed. Then, the MATLAB® software package will be used to 

make accurate inspection and analysis associated with the thermal effectiveness and some 

critical thermal parameters of the building. Following this, the numerical findings and 

simulation results will be validated and verified in light of the opinions of mechanical 

engineers, building experts, and numerical thermal analysis consultants regarding the 

crucial elements and beneficial factors that should be considered for the best reduction of 

thermal losses and energy costs. The research approach is shown in Figure 1.4, which 

summarizes the study steps. 
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Figure 1.4: The Research Methodology Flowchart [59]. 

Last but not least, crucial conclusions and recommendations will be provided to help 

mechanical engineers, engineering consultants, numerical modeling and thermal analysis 

experts employ modern energy-saving approaches to avoid thermal losses or efficiency 

declines in diverse buildings. 
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2.  LITERATURE REVIEW  

2.1 INTRODUCTION 

In order to make the building more energy-efficient, this chapter will highlight the key 

contributions and positive effects of cutting-edge energy-saving techniques and energy 

usage optimization strategies. By reducing the amount of electrical bills and cooling and 

heating requirements in the summer and winter, better economic feasibility and cost-

effectiveness can be achieved. 

2.2 BENEFICIAL IMPACTS OF IMPLEMENTING INNOVATIVE ENERGY-

SAVING APPROACHES  

Nearly Zero-energy residential structures have drawn a lot of interest because of their 

superior energy-saving potential. To achieve balance between energy demand and supply 

in residential constructions, RE usage was essential [60]. Their study optimized typical 

zero-energy public buildings in hot summer and cold winter settings using the concepts of 

passive priority, active optimization, and 100% RE supply guarantee. The significance of 

passive energy-saving techniques, such as heating, shading, and heat recovery; 

consideration of the conditions of local resources; analysis of building RE utilization 

systems, such as solar energy and air energy; and recommendation of the most cutting-

edge building energy system. According to the simulation findings, if the criteria for zero-

energy buildings are satisfied, the 8.9 kW building solar system could produce 36.4 

kWh/m2 of electricity yearly, and the annual energy consumption index per unit area 

would be 37.6 kWh/m2. 

Dissemination of education is crucial, especially in emerging countries like Turkey. It is 

also vital to promote understanding and make optimum use of energy resources. In order 

to achieve the aim of a zero-energy building, RE sources should be used when energy is 

in short supply [61]. Furthermore, the development of smart technology has the potential 

to lower the energy consumption of educational facilities. The authors said that their paper 

tried to examine RE sources to minimize energy consumption and achieve the goal of a 

building requiring nearly no energy by applying a variety of energy-efficient retrofitting 

scenarios. The retrofitting choices for a school building in Ankara, Turkey, were provided 
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by a Building Energy Simulation Tool, Design Builder Software, and were based on RE 

sources. In order to construct an accurate model, monitoring educational institutions and 

calibrating the model were done. The installation of wind turbines, solar collectors, and 

PV panels to provide power was one of several energy-efficient retrofitting scenarios that 

followed. 

Building electrification and energy efficiency would both be successfully increased by 

nearly-Zero Energy Buildings (NZEBs). [62] the scholars assessed the impact of NZEB 

standards to carbon emission targets in the metropolitan area of China by 2060 using a 

bottom-up mid- to long-term energy consumption model combined with a carbon emission 

model. Three scenarios—BAU, stable development (S1), and high-speed development 

(S2)—were established. By 2040, BAU's total carbon emissions would peak at 1.94 Gt 

CO2. According to S1, by 2030, overall building carbon emissions would peak at 1.72 Gt 

CO2. According to the S2 scenario, 1.64 Gt CO2 would be the peak amount of carbon 

emissions by 2025. The carbon emission peak would be reached in 2030 if the S1 scenario 

was implemented, which included periodic improvements to building energy-efficiency 

regulations and conformity with NZEB market development. By 2060, upgrading building 

energy standards to NZEB would contribute 50.1% toward achieving carbon neutrality, 

while zero-carbon power would provide 49.9%. The study's findings supported the 

possibility of setting the mandatory enforcement years for NZEBs and ZEBs at 2025, 

2030, and 2035, respectively. 
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Figure 2.1: A Model for Calculating the Carbon Emissions and Energy Consumption of Urban 

Buildings Using NZEB [62]. 

Due to declining prices for photovoltaics (PV) and lithium-ion batteries, off-grid Zero 

Energy Buildings (ZEBs) were expanding rapidly. The bulk of academics have focused 

their writing on on-site, grid-connected ZEBs. Their literature review concentrated on off-

grid ZEBs created in factories [63]. Currently, there are three challenges facing ZEB 

buildings: excessive investment costs, poor construction, and problems operating ZEB. 

Through the automated mass manufacture of continually improved, standardized modules, 

their study investigated solutions to such problems. A shipping container served as the 

modular unit, utilizing the existing transportation system. Due to the narrow width, there 

was a higher chance of utilising daylight than in traditional buildings. Off-grid ZEBs must 

be completed in real-world operation, including plug loads, by the user. The users' interest 

in RE was probably sparked by the local energy production. Plug loads were frequently 

ignored in ZEB criteria even though they were the biggest energy consumers in buildings. 

The conditions for exporting container structures to the important markets in Asia and 
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Africa were increasing as a result of the Belt and Road Initiative and governmental 

incentives to promote China's industrialized expansion. 

In their study [64], the authors looked at how the functioning of a 2247 m2 residential 

structure in several coastal Anatolian sites is impacted by Building Integrated Photovoltaic 

(BIPV) technologies. We chose the lowest, highest, and average cities based on their solar 

heat gain. Hourly performances were calculated using the DOE's Energyplus tool, and the 

installed peak PV output was found to be 84.2 kW. The annual energy usage for heating 

and cooling at the three locations varied between 1.44 kWh/m2 and 9.12 kWh/m2 and 

22.2 kWh/m2 and 56.9 kWh/m2, respectively, according to their preliminary findings. The 

demand for cooling was (as would be expected) far larger than the demand for heating in 

these Anatolian coastal locations. The results revealed that an 84.2 kWp PV could easily 

fulfill the maximum demand of 56.9 kWh/m2 for the three cities. Those early results might 

be managed within 20 kW of the indicated limitations depending on the solar cell type and 

the orientation of the building façade. 

The experts said that their publication [65] outlined the methods for creating zero energy 

structures in new towns. To mimic that subject, two programs were used: TRNSYS 16.0 

and Energy Plus. The building materials, window size, and window direction were all 

taken into consideration while constructing the building facade using the Energy Plus 

software simulation. On the other hand, TRNSYS 16.0 software has been used to research 

the design of zero energy buildings that use solar water heating systems and high 

efficiency heating systems under the new climatic circumstances of Binalood. The goal of 

their study was to examine several design philosophies and select the most effective one 

for house design and energy system decisions. 

2.3 THE FUNCTIONAL MERITS AND ACTIVE USES OF OPTIMIZATION 

TECHNIQUES FOR A ZERO-ENERGY CONSUMPTION 

There is still uncertainty over the updated building energy regulations in China's future 

development path. No research have looked at how Zero Energy Buildings (ZEBs) affect 

medium- to long-term building energy use [66]. By reviewing the development and 

enforcement of building energy codes in China over the last 30 years (1986-2016), as well 

as the analysis of energy consumption of ultra-low energy buildings and nearly-zero 
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energy buildings (nearly-ZEB) demonstrators, the researchers reported that their study 

proposed a three-definition hierarchy of ultra-low energy buildings, nearly-zero energy 

buildings (nearly-ZEB), and ZEB as the successive building energy codes upgrading goals 

towards 2050. Six scenarios have been created, ranging from BAU to leapfrog scenarios, 

to examine the building energy usage from 2025 to 2050. The results showed that the peak 

of a building's energy usage decreases over time. In general, the ultra-low energy building, 

nearly-ZEB, and ZEB account for more than 50% of the total floor area before the 

building's energy consumption begins to fall. In the most likely scenario of moderate 

development, the peak would occur in 2035 with a total of 567 million tce. The overall 

amount of fossil fuels conserved up to 2050 might be reduced by up to 9380 million tce in 

the leapfrog scenario compared to the BAU scenario, which was what contributed most to 

climate change mitigation. 

The improvement of building energy efficiency has been a cornerstone of energy policies 

[67]. The primary goal was to lower power usage in order to decrease the carbon imprint 

of dwellings. This objective was accomplished by lowering design criteria for component 

and raw material quality, as well as by using sustainable energy sources. These particulars 

formed the basis for the creation of zero-energy buildings (ZEB). The marketing and 

continued development of this novel technology have faced several obstacles. As a result, 

both the obstacles to the commercialization of zero energy buildings and their current state 

as a whole were evaluated and analyzed. A number of suggestions for new technologies 

that the sector may adopt to complement existing ones were also presented in the study. 

The investigation also investigated how the occupant's personality influenced zero energy 

constructions. Policies like tax exemptions and government subsidies were offered to 

encourage more investors into the sector. Last but not least, effective public education 

might help to dispel the myth that green buildings are more expensive than traditional 

ones. 
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Figure 2.2: Specifications of the Appropriate Concepts' Boundaries [67]. 

By optimizing important factors with energy consumption as the control goal, the amount 

of heating and cooling needed for buildings might be decreased [68]. The forecasting of 

energy consumption for virtually Zero energy buildings (nZEBs) and the design 

optimization of performance parameter were the main topics of the authors' research, they 

stated. The optimal ratio of various performance attributes and the Energy Saving Ratio 

(ESR) was looked into using a sizable quantity of simulation data. Artificial Neural 

Networks (ANNs) were used to forecast yearly electrical energy usage in a building in 

Shenyang, China, that is almost entirely energy-free. The information on the energy 

consumption for our test was collected using tools for building simulation. The findings 

showed that the test almost zero energy building's heating energy demand was 17.42 

KWh/(m2a). The most obvious consideration was the Energy Saving Ratio of window-to-

wall ratio optimization, which was followed by window thermal performance parameters 

and then insulation thickness. When employing an artificial neural network model to 

predict energy use, the maximum relative error for buildings was 6.46%. The development 
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of that prediction approach made it possible for architects to quickly and precisely 

determine a building's energy usage during the design stage. 

In order to lessen the demand for buildings in the retrofitting toward the nearly Zero 

Energy Building standard, a Mixed-Integer Linear Programming model for the design of 

the energy renovation of existing buildings was proposed in their paper [69]. This model 

takes into account both Energy Supply Systems and the adoption of Energy Saving 

Measures. The technique was used to an existing building in the northern Spanish city of 

Bilbao to determine the best design or one with a lower yearly net cost given different 

restrictions on the usage of principal non-RE. A straightforward mechanism was 

developed to distribute the specific demand drop caused by the energy saving measures in 

the reference days. The input for such demand decrease came from dynamic simulations 

that had already been verified. This simple approach that employs degree-days might be 

used to establish reference days by utilizing a base temperature based on an Energy Saving 

Measure. These reference days account for the weather, usage, and the relationship 

between the thermal characteristics and the distribution of demand. The optimization 

technique was used to produce designs for various restrictions, such as financial, spatial, 

etc., and to deliver the design selection and operation strategy for upgrading buildings to 

conform to various non-renewable primary energy consumption limits. 

The investigation of zero-energy buildings included a wide variety of topics, however the 

conventional ideal method had limitations. On the physic and energy balancing boundaries 

of zero-energy buildings in various locations emphasized by various architectural 

attributions, more investigation and confirmation were required. The data showed that 

extra components and installation expenses required to be added to zero-energy buildings 

[70]. They undertook their research in response to buildings' rising energy usage, which 

resulted in the creation of a ground-breaking global multiple-criteria optimization 

approach for zero-energy buildings. They included a thorough review method to their 

concept. The model was optimized using the Grey numerous-Level Complete Evaluation 

technique, which took into account social and economic factors, the efficacy of solar 

energy implementation, and numerous optimization design approaches for RE structures. 

When it comes to energy optimal models and prices, this was done utilizing the Improved 

Red Fox Optimization Algorithm on the basic design. The global optimal model 
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recommended the best course of action based on the selected choice. The engineer might 

construct useful buildings using the solution. In order to get the optimal design outcome, 

a multi-objective optimum framework for a case study based in Beijing, China, was 

suggested. They found that designers might apply the proposed approach to get at sensible 

conclusions. In the applications that were considered to be practical, their design was 

straightforward to use. 

2.4 VARIOUS CASE STUDIES OF ENERGY-SAVING BUILDINGS IN TURKEY 

AND OTHER COUNTRIES 

Around the world, buildings utilize a rising quantity of resources and energy. High-

performance buildings, also known as near zero-energy structures, have recently 

incorporated energy-saving strategies into their design in response to rising standards of 

living, population increase, and global warming. This was particularly true for Egypt, 

where energy use has expanded at an unprecedented rate over the previous 10 years, 

particularly in the building industry, where the percentage of electricity consumed may 

vary from 66% to 74%. Therefore, it was logical for Egypt to decide to update its building 

construction code by demanding energy reduction. The researchers said that for a non-

residential construction in Egypt, the effects of energy rationalization were looked at in 

their study. Using the Mechanical Engineering Department building on the Faculty of 

Engineering Campus of Ain Shams University as a case study, EnergyPlus was utilized to 

model a typical educational institution. Numerous retrofitting strategies and energy-saving 

methods have been compared and assessed (energy rationalization) in order to create the 

best building envelope with the least amount of energy needed. The retrofitting of the 

building walls significantly (>20%) increased energy savings. The energy consumption of 

the building was reduced by more than (>36%) by combining different building envelope 

retrofitting technologies. Additionally, employing energy-saving techniques by replacing 

the mechanical HVAC systems used to cool and heat the retrofitted building resulted in 

energy savings of over 50% and a reduction in system capacity of over 65%. The sample 

building with a yearly Energy Use Intensity (EUI) of 230 kWh/m2 was then converted 

into a nearly zero-energy building with an EUI of 106 kWh/m2 by sizing a solar PV system 

to satisfy these rationalized energy needs with a payback period of 4-5 years [71]. 
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Nearly zero energy buildings (NZEB) have been successfully used as a climate change 

mitigation technique in the building sector [72]. By the end of 2020, China originally set 

a NZEB goal of 10 million m2. The NZEB floor area rose from practically nothing to 12 

million m2 as a result of a series of incentive programs implemented at the provincial 

level. However, it was still uncertain how NZEB laws will affect buildings in the medium 

to long term or how they would affect the decrease of energy peaks. According to the 

authors, they gathered 47 current rules and looked at how they influenced how much 

energy buildings utilized. The total construction energy consumption of representative 

provinces in China's cold region from 2020 to 2050 was calculated using a policy-driven 

model with conservative, moderate, and aggressive scenarios. The findings show that 

compared to a conservative scenario, a moderate scenario with 100% NZEB market 

penetration in 2050 and a "30-30-30" mid-term objective by 2030 may cut energy demand 

by 13% by 2030 and by 60% by 2050. The pushing scenario suggests that the government 

should choose 2025, 2030, and 2035 as the enforcement years for ultra-low energy 

buildings, also known as NZEB and ZEB, in response to China's carbon emission target. 

Residential structures accounted for 23% of Jordan's total energy demand, a significant 

component of the nation's overall energy usage. In Jordan, where it accounted for about 

43% of all power use in 2016, it was the industry with the highest electricity usage. As a 

result, improving the energy efficiency of existing residences in Jordan was probably 

going to lead to decreased energy consumption (getting closer to net zero energy) and 

would be a strategy to reduce the nation's use of power [73]. A typical Irbid house type 

was selected as a case study for the near zero energy design and conserving energy aims. 

The authors' study examined the economic and computational potential of various 

integrated active and passive design systems for the Jordanian residential sector by 

focusing on a number of parameters, such as orientation, layout, type of insulation, type 

of windows, shading system, and type of ventilation system, which used a comprehensive 

and thorough model of the Natural Convection Air-Cooled Condenser (NCACC) 

integrated to stack as a new efficient ventilation method. Their project used three building 

energy analysis approaches to construct a nearly Net Zero Energy Building (nNZEB) in 

Irbid, Jordan. There are two approaches that might be used to identify building 

performance analysis: computational or analytical. A dynamic building energy modeling 
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and simulation program with different climatic conditions was utilized to identify the best 

building energy model. A suitable economic assessment criterion was used to determine 

the payback period for each of the deployed systems. 

According to [74], their study concentrated on the multi-objective optimization of building 

envelope characteristics in order to enhance the energy and financial performance of 

structures. Their research was separated into cooling- and heating-dominant zones 

according to the climates. All feasible solution scenarios—more than 13 million—

including those that may occur in actual practice—were considered during the 

optimization process. Two opposing objectives were pursued: decreasing the building 

envelope's initial investment costs and lowering the total thermal energy demand. With 

the use of produced code in the Matlab environment, the NSGA-II genetic algorithm's 

convergence time was sped up. The two Turkish provinces of Osmaniye and Erzurum 

were given Pareto-Front choices after the envelope optimization process, and the life cycle 

costs of each option were compared. The results unmistakably showed that careful 

selection of the building envelope features at the basic design stage might significantly 

reduce life cycle costs in addition to providing superior solution possibilities for zero-

energy buildings. 
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Figure 2.3: Matlab-Energyplus Connection [74]. 

RE systems offer long-term solutions to the world's energy issues. For remote off-grid 

households without a grid connection, alternatives like hybrid systems were offered. In 

their study, they looked at the size of an islanded wind-solar-battery power system for a 

zero-energy residence in Afyon, Turkey, without a grid connection. This remote home 

needed a constant power source, thus the system that was developed had to guarantee that 

the house would get a steady, uninterrupted supply of electricity. An off-grid wind-solar-

battery hybrid system would require a different minimum number of batteries to fulfill the 

requirements for an uninterrupted continuous power supply if different-rated wind 

turbines and/or a different number of solar panels were used. In practice, it commonly 

happened that mismatched hybrid system components caused consumers to endure brief 

power outages. They conducted a size study for a hybrid wind-solar-battery power system 

in their work using information on the home's power usage as well as real wind and solar 

measurement data from the Afyon site. For a sizing study, calculations using real small-
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time interval data were essential to ensure dependable continuous power from a hybrid 

system [75]. 

The building industry was essential to address the previous global concerns of 

urbanization, climate change, and environmental pollution. Analysis of a building's 

performance was crucial in terms of energy use, comfort, and carbon emissions. Numerous 

paradigms, including bioclimatic, sustainable, green, and carbon-neutral architecture, have 

been studied for a long time. Since 2016, the regenerative paradigm has been a crucial 

issue for examining positive effect architecture to move past neutral impact. To analyze a 

method for obtaining an energy-efficient school building toward zero energy, [76] 

conducted their research aiming to assess the current state of a school building in Istanbul, 

Turkey. The research methodology was focused on creating an energy model of the school 

and running simulations with the software programs Design Builder and Energy Plus. The 

validated simulation was used to examine the retrofit packages for the school building's 

efficiency and discuss the alternatives, which were divided into two types of insulation 

layer alternatives, three types of glazing alternatives, two types of lighting system 

alternatives, and five types of HVAC system alternatives. 111 retrofit packages were 

examined. Due to the integration of RE systems, the P102 scenario has the lowest Primary 

Energy results for Electricity (PEE), Natural Gas (PENG), and Total Primary Energy 

(TPE). Those results were 1.84 kWh/m2, 1.51 kWh/m2, and 3.35 kWh/m2, respectively, 

compared to the case study school building's existing conditions of 29.99, 63.05, and 93.05 

kWh/m2. As a result, to achieve a zero-energy school building, it was important to consider 

retrofit scenarios that focus on combining a RE system with an advanced HVAC system, 

as well as integrating proper insulation thickness, efficient glazing, and the right kind of 

lighting. The research's options and component parts could serve as a blueprint for next 

study phases and related research to advance school buildings' building stock toward zero 

energy use. 

The energy needs of residential structures in Turkey account for about 31% of total energy 

consumption. Residential buildings therefore play a significant part in lowering energy 

requirements and greenhouse gas emissions. The scholars mentioned that their study 

presented a method for calculating the ideal thermal insulation thickness to be applied to 

the outside walls, columns, floors, and roofs of residential buildings using the required 
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energy for heating and cooling. The ideal thermal insulation thicknesses were used to 

calculate the heating and cooling loads, as well as the energy costs, for various 

constructions. The Turkish Thermal Insulation Standard divided Turkey into four climate 

zones based on the average temperature degree-days of heating. By contrasting four 

insulation materials for 20 various energy demand scenarios for four different cities, each 

of which represented a different climatic zone of Turkey, the methodology was applied to 

a residential building as a case study. Following the acquisition of the Life Cycle 

Assessment-based global warming potential and cost indicators, eco-efficiency graphs 

were used to illustrate the analysis of each scenario's environmental impact [77]. 

Hotel buildings in Turkey account for 35% of all building energy usage, according to TUK 

Sectoral Energy usage Statistics from 2006. Depending on the building's typology, 

different energy requirements and consumption patterns apply. In order to improve energy 

and cost efficiency, to lessen the detrimental impacts on the environment and the economy, 

the Energy Performance of Buildings Directive (EPBD) has been modified to the 

conditions in Turkey. In an existing hotel building, various scenarios for energy use and 

total cost were explored. When the literature review about the issue detailed in the previous 

works was evaluated in detail, [78] their paper was exceptional in its capacity to deliver 

the best solution through comparison by evaluating energy and cost efficiency at the same 

time taking into account sectoral, climatic, technological, and economic national 

conditions. To determine the energy and cost efficiency, all findings were compared 

concurrently under various climatic conditions of the seasonal and yearly working 

conditions of the chosen test hotel. The best improvement scenario, in terms of cost and 

energy efficiency, was found to be S18, the scenario with the maximum energy efficiency. 

In that instance, it was possible to bend the kind of glass, the thickness of the insulation 

material, and both in order to increase energy efficiency by 25.7%. 

2.5 CHAPTER SUMMARY 

After reviewing different peer-reviewed articles and recent academic publications in the 

available literature, it can be observed that the last decades witnessed the development and 

innovation of various novel energy-efficient approaches and modern energy-saving 

methods whose adoption in facilities and buildings helped achieved significant cost-
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effectiveness in the energy usage and reasonable consumption of the electrical power 

needed for cooling and heating energy demands. Building on this thorough review, the 

third chapter in this thesis is represented to highlight further data and investigate the 

critical role of innovative energy-saving methods and mathematical optimization 

mechanisms in minimizing the energy usage of a building in Turkey. 
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3.  METHODOLOGY 

3.1 INTRODUCTION  

This chapter tries to give a thorough review of the tools and research techniques used in 

this study. This chapter's main purpose is to defend the selected research methodology and 

outline how it helps to accomplish the study's goals. The study methodology, data-

gathering strategies, and data analysis approaches will all be described in this chapter. 

Additionally, it will go into the ethical issues that were taken into account when 

conducting the research.  

3.2 CASE STUDY DESCRIPTION  

A domestic residence in Istanbul, Turkey, is the structure chosen for this case study. This 

single-story home has a total surface area of around 240 square meters and is a good 

example of traditional Turkish domestic construction. The house's layout, as seen in Figure 

3.1, is intended to comfortably house a family of seven. 

There are both private and public areas in the residence. The common areas include the 

living room, dining room, and kitchen, while the private spaces are the bedrooms and 

baths. The home also has outside areas like a front yard and a backyard, which are essential 

components of the living space. 

The building's design and building materials are regionally typical, with an emphasis on 

sustainability and energy efficiency. Fiberglass and rock wool are used as insulation for 

the walls, floors, and ceilings, and the windows are double-glazed to improve thermal 

performance. 

Istanbul's climate affects the building's thermal performance, thus the placement of the 

home there is important. Istanbul has a moderate oceanic climate, which includes hot, 

muggy summers and chilly, rainy winters. This climatic information is essential to our 

study since it affects how well the energy efficiency strategies we will be examining work. 
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Figure 3.1: Details on the Single-Floor Apartment’s Plan (240 M2) of the Case Study 

Considered in This Work [79]. 

The house that was chosen for this case study has a floor size of around 240 square meters. 

This one-story building is planned with a layout that maximizes space usage and supports 

a cozy living space for its residents. 

The house's design is carefully thought out to provide both private and community living 

areas. Each renter has their own private space thanks to the several bedrooms and 

bathrooms in the private areas. A sizable living room, a dining area, and a fully furnished 

kitchen make up the shared areas. These common areas provide locations for family 

activities including meals, entertainment, and leisure in order to promote family 

engagement. 

A family of seven people may reside in the house without discomfort. This number of 

tenants gives our study a realistic base because it is common for a family house in this 

area. Our research must take into account the inhabitants' lifestyle, daily routines, and 

energy use patterns because they have a substantial impact on the building's energy use 

and thermal efficiency. 
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The house has both interior and outdoor living spaces, including a front yard and a 

backyard. These outdoor areas contribute to the overall thermal performance of the 

building in addition to improving the living environment. 

The house is a perfect case study for our research on energy saving methods since its 

layout, size, and occupancy are typical of residential buildings in Istanbul. 

The residential building under study is situated in Istanbul, a city that straddles the 

Bosphorus strait in northwestern Turkey. Istanbul's unique geographical location, bridging 

Europe and Asia, contributes to its diverse climate and architectural styles. 

Istanbul experiences a temperate oceanic climate, characterized by hot, humid summers 

and cold, wet winters. The city's climate significantly influences the thermal performance 

of buildings and the effectiveness of various energy efficiency techniques. 

Climate records show that February, when 78% of the year's maximum relative humidity 

rates are recorded, is the month with the highest relative humidity levels. In contrast, June 

and July have the lowest percentage of relative humidity, which is 67%. The thermal 

comfort inside the building and the amount of energy used for heating and cooling are 

both impacted by the year-round variability in humidity levels. 

The city has seasonal variations in average temperatures, with summer highs frequently 

surpassing 30 degrees Celsius and lows in the winter below 5 degrees Celsius. These 

temperature changes also have an impact on how well the investigated energy efficiency 

strategies work and how much energy is used in the building. 

In order to improve the efficacy of the energy efficiency measures and the potential for 

energy savings, it is essential for our study to have a thorough understanding of the local 

climate. 

The monthly sun irradiation profile for Istanbul, Turkey is shown in Figure 3.2. The results 

clearly show that the sun irradiation reaches its greatest in July, peaking at 178.38 

kWh/m2. On the other hand, December has the lowest sun irradiation levels, with 46.87 

kWh/m2. When evaluating the potential for solar energy usage in the building, the 

variation in sun irradiation throughout the course of the year is a crucial consideration. 
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Figure 3.2: Monthly Solar Irradiation Profile of Istanbul, Turkey [80]. 

The annual profile of Istanbul's maximum and lowest temperatures is shown in Figure 3.3. 

The two months with the greatest temperatures, around 28°C, are July and August, while 

the two months with the lowest temperatures, roughly 5.3°C and 6.0°C, are January and 

February, respectively. These temperature changes have a substantial impact on the 

building's thermal efficiency and energy use. 

 

Figure 3.3: The Monthly Profile of Maximum and Minimum Temperature Values in Istanbul, 

Turkey, Per Annum [81]. 
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The Istanbul yearly relative humidity is described in Figure 3.4. According to the statistics, 

relative humidity reaches its peak point in February (78%), and its lowest point in June 

and July (67%). The thermal comfort inside the building and the amount of energy used 

for heating and cooling are both impacted by the fluctuation in humidity levels throughout 

the year. 

 

Figure 3.4: The Annual Relative Humidity of Istanbul, Turkey [81]. 

Together, these numbers offer critical climate information for Istanbul that is necessary 

for our numerical simulation procedure and the ensuing evaluation of the building's energy 

efficiency. 

A collection of crucial information needed for the numerical simulation software is 

provided in Table 3.1. Understanding the environmental circumstances around the one-

floor flat in Istanbul, Turkey, requires knowledge of this information. The table lists seven 

essential criteria. 
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Table 0.1: Some Vital Data Required to Define in the Numerical Simulation Program [81]. 

No. Category Value 

1 Longitude 28.9784° E  

2 Altitude 41.0082° N 

3 Elevation from the Sea 40 m 

4 Average Annual Solar Irradiation 1,303 kWh/m2/annum 

5 Average Annual Ambient Temperature 14 °C (57 °F) 

6 Mean Maximum Annual Ambient Temperature 33 °C (91 °F) 

7 Mean Minimum Annual Ambient Temperature − 6 °C (21 °F) 

Istanbul's longitude and latitude, which are 28.9784° E and 41.0082° N, respectively, 

define its physical position. It is also stated that the city is 40 meters above sea level. 

Understanding the city's location on the globe and its relative exposure to sunlight depends 

heavily on these geographic factors. 

The table also includes information on the ambient temperature and sun irradiation. The 

possibility for using solar energy is indicated by Istanbul's average yearly sun irradiation 

of 1,303 kWh/m2. The mean ambient temperature for the whole year is 14°C (57°F), with 

the mean maximum and mean minimum temperatures being 33°C (91°F) and -6°C (21°F), 

respectively. Understanding the thermal conditions that the building is subjected to 

throughout the year depends on knowing these temperature figures. 

These variables give a thorough overview of Istanbul's geographical and meteorological 

circumstances, which is essential for the numerical simulation process and the study of the 

building's energy efficiency that follows. 

3.3 SIMULATION SOFTWARE AND ANALYSIS 

In this study, we carried out high-performance inspection and mathematical analysis of 

the thermal performance of the building using two potent simulation software programs, 

MATLAB and Python. 

The MathWorks product MATLAB, a high-level language and interactive environment, 

was mostly employed for numerical calculation and visualization. We modeled the 
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thermal dynamics of the building, ran simulations of various energy-saving measures, and 

displayed the findings using MATLAB's powerful toolbox. Making graphical 

representations of our system and modeling the thermal behavior over time made use of 

MATLAB's Simulink package. 

The high-level, general-purpose programming language Python, on the other hand, is 

renowned for being straightforward and readable. For numerical calculations, we 

combined Python with libraries like NumPy and SciPy, as well as Matplotlib for data 

visualization. Data processing and analysis were also done using the Pandas package. 

We were able to build a robust simulation environment by combining MATLAB and 

Python. We were able to simulate many situations, model intricate thermal dynamics, and 

conduct a very visual and understandable analysis of the outcomes. To assure the quality 

and dependability of the simulation results, they were afterwards evaluated and confirmed 

by knowledgeable mechanical engineers, building experts, and numerical thermal analysis 

consultants. 

The high-level, general-purpose programming language Python, on the other hand, is 

renowned for being straightforward and readable. For numerical calculations, we 

combined Python with libraries like NumPy and SciPy, as well as Matplotlib for data 

visualization. Data processing and analysis were also done using the Pandas package. 

We were able to build a robust simulation environment by combining MATLAB and 

Python. We were able to simulate many situations, model intricate thermal dynamics, and 

conduct a very visual and understandable analysis of the outcomes. To assure the quality 

and dependability of the simulation results, they were afterwards evaluated and confirmed 

by knowledgeable mechanical engineers, building experts, and numerical thermal analysis 

consultants. 

The building's thermal performance was then simulated using a variety of situations using 

the model. For instance, we may model how the structure would perform on a hot summer 

day or a chilly winter night or use various energy-saving methods. We were able to 

anticipate the building's heat transfer coefficient and other important thermal variables, 

including its internal temperature and energy consumption, thanks to the simulation 

outputs. 
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The accuracy of these forecasts was then evaluated by comparing them to real data from 

the structure. Any differences between the model's predictions and the observed data were 

utilized to increase the model's precision. 

Mechanical engineers, building industry experts, and consultants in numerical thermal 

analysis also independently confirmed the numerical results and simulation outputs. These 

professionals examined our technique, examined our calculations, and validated the 

accuracy of our findings. Their knowledge and unbiased confirmation gave our results 

even more credibility. 

Through the prediction and verification process, we were able to learn a lot about the 

thermal performance of the building as well as the efficacy of various energy-saving 

strategies. Additionally, it made sure that our conclusions were solid, trustworthy, and 

relevant to actual circumstances. 

3.4 ENERGY EFFICIENCY TECHNIQUES  

The energy efficiency techniques used in the case study: 

a. Double Glazing Windows and Thermal Insulation: The walls, floors, and ceilings of 

the building are thermally insulated, and the windows are double-glazed. The double-

glazing windows have two panes of glass with a space between them to lessen heat 

transmission and preserve the building's interior temperature. Materials like fiberglass 

and rock wool, which are renowned for their strong thermal resistance capabilities, are 

used for the thermal insulation in the walls, floors, and ceilings. These components 

considerably lessen heat gain in the summer and loss of heat in the winter, increasing 

the building's energy efficiency. 

b. Passive Cooling and Heating Methods: The structure makes use of passive heating and 

cooling techniques, including shaded glass and natural ventilation. Shaded glass 

lowers solar heat gain, and passive air cooling is made possible by natural ventilation. 

These techniques assist in lowering the demand for mechanical heating and cooling, 

conserving energy. 

c. Passive Lighting Methods: The structure was created to make the most of natural light 

while using less artificial lighting. Larger window areas that let more light into the 
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apartment's interior spaces help to achieve this. The building may drastically lower its 

energy use for lighting by optimizing the use of natural light. 

d. Smart Energy Management Devices: The building is equipped with smart energy 

management devices, such as programmable sensors for the HVAC (Heating, 

Ventilation, and Air Conditioning) system. These devices allow for more precise 

control over the building's heating and cooling, thereby improving energy efficiency. 

The combination of various energy-saving methods offers a thorough strategy for 

enhancing the building's energy performance. They improve the building's comfort and 

livability in addition to consuming less energy. Through the use of energy-efficient 

procedures, this strategy illustrates the potential for large energy savings in residential 

structures. 

3.5  SIMULINK DIAGRAM DEVELOPMENT AND ANALYSIS 

The creation of the Simulink diagram is essential for outlining the case study's research 

parameters and data. According to Figure 10, the setup for Simulink in the MATLAB 

Simulink environment was created to make it easier to analyze all relevant aspects and 

variables related to the contributions of contemporary energy-saving techniques and 

methodologies. 

 

Figure 3.5: The Simulink Diagram of the Case Study Designed in the MATLAB Simulink 

Environment [82]. 
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The Simulink figure includes a number of elements, such as thermostats, heaters, coolers, 

cost, and some significant thermal energy information. These parts stand as a crucial 

element of the building's energy system. The HVAC system, which significantly 

contributes to the building's energy use, is represented by thermostats, heaters, and coolers. 

While the thermal energy data offers insights into the building's thermal performance, the 

cost component indicates the financial element of the building's energy usage. 

To get the crucial findings, the Simulink diagram was executed once each parameter had 

the proper values defined. In order to comprehend how numerous elements impact the 

building's energy consumption and the efficacy of the energy efficiency strategies, this 

approach entailed conducting simulations under various situations. 

The outcomes of these simulations were then utilized to compare different energy 

efficiency techniques. Insightful information on the potential for large energy savings in 

the building through the use of contemporary energy efficiency techniques and 

methodologies is provided by this study, which is covered in depth in the following 

sections. 

This procedure of creating and analyzing Simulink diagrams is essential to our research 

technique. It enables us to simulate several scenarios, model the intricate dynamics of the 

building's energy system, and conduct highly visual and understandable analyses of the 

outcomes. 

3.6 ENERGY-EFFICIENCY THEORY AND MATHEMATICAL FORMULATION 

We used a number of mathematical formulae to assess the effectiveness, dependability, 

and features of the energy efficiency concepts used in the building. We were able to 

calculate the effects of many variables on the building's energy usage and thermal 

efficiency thanks to these formulae. 

The effectiveness of thermal insulation was one of the primary factors we looked at. This 

was evaluated by calculating its thermal resistance, represented by the letter "R." There 

are two formulae that may be used to express thermal resistance. The first formula, as 

some scholars have suggested,  
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𝑅 =  
𝑡

𝜆
  (3.1) 

Where 't' is the thermal insulation thickness and 'λ' denotes the thermal conductivity of the 

insulation material. The second formula is 

𝑅 =  {𝑒
(

𝑇
𝑡2)

}  (3.2) 

Where 'T' is the time the heat transfer occurs across the insulation material. 

We also analyzed the cooling load for the building. According to a scholar's study, the 

cooling load, denoted as 𝑄𝐶𝑜𝑜𝑙, equals the amount of heat load, 𝑄𝐻𝑒𝑎𝑡. Generally, 𝑄𝐶𝑜𝑜𝑙or 

𝑄𝐻𝑒𝑎𝑡can be estimated depending on sensible and latent heat transfer amounts. The typical 

𝑄𝐶𝑜𝑜𝑙 /𝑄𝐻𝑒𝑎𝑡can be expressed  

                              𝑄𝐶𝑜𝑜𝑙 = 𝑄𝐻𝑒𝑎𝑡 =  𝑄𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝐿𝑜𝑎𝑑𝑠 + 𝑄𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐿𝑜𝑎𝑑𝑠 , (3.3) 

In a more detailed expression, the previous relationship can be described as shown in 

Equation (4.) 

𝑄𝐶𝑜𝑜𝑙 = 𝑄𝐻𝑒𝑎𝑡 = [𝑈][𝐴][𝐶𝐿𝑇𝐷] + 𝐴𝑈𝑛𝑠ℎ𝑎𝑑𝑒𝑑 × 𝑆𝐻𝐺𝐹𝑀𝑎𝑥 × 𝑆𝐶 × 𝐶𝐿𝐹

+ 𝑚̇𝑜 × 𝐶𝑝,𝑚 × (𝑇𝑜 − 𝑇𝑖) + [(𝑁𝑃𝑒𝑜𝑝𝑙𝑒)(𝑄̅𝑆𝑒𝑛𝑠)(𝐶𝐿𝐹)] + 𝑄𝐿𝑖𝑔ℎ𝑡

+ 𝑄𝐴𝑝𝑝𝑙𝑖𝑎(𝑠,𝑙), 

(3.4) 

This equation incorporates various factors, including the heat transfer coefficient (U), the 

surface area of the internal zones requiring cooling/heating (A), the Cooling Load 

Temperature Difference (CLTD), the area subjected to solar irradiation (𝐴𝑈𝑛𝑠ℎ𝑎𝑑𝑒𝑑 ), the 

maximum solar heat gain factor (SHGFMax), the Shading Coefficient (SC), the cooling 

load factor (CLF), the infiltration mass flow rate (𝑚̇𝑜), the heat capacity of moist (𝐶𝑝,𝑚), 

the outside temperature (𝑇𝑜), the inside temperature (𝑇𝑖), the number of residents (𝑁𝑃𝑒𝑜𝑝𝑙𝑒), 

sensible thermal energy per person (𝑄̅𝑆𝑒𝑛𝑠), the heat transfer of light fixtures (𝑄𝐿𝑖𝑔ℎ𝑡), and 

the thermal energy of appliances (𝑄𝐴𝑝𝑝𝑙𝑖𝑎(𝑠,𝑙)). 

These mathematical formulations provide a theoretical framework for understanding and 

quantifying the building's energy performance. They allow us to model the complex 

dynamics of the building's energy system, simulate various scenarios, and analyze the 

results in a highly precise and quantifiable manner. 
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3.7 CHAPTER SUMMARY 

We have described the approach for our study in Chapter 3, including the creation of the 

Simulink diagram, the use of mathematical formulae and energy-efficiency theories, and 

the comparison of several energy-efficient techniques. We have also included details on 

the case study building in Turkey, such as its size, design, population, and location. 

For high-performance inspection and mathematical analysis, we have employed the 

simulation software packages MATLAB and Python. We have been able to anticipate 

thermal effectiveness qualities and other important thermal factors thanks to these 

technologies. Mechanical engineers, building industry experts, and consultants in 

numerical thermal analysis analyzed and confirmed the numerical results and simulation 

outputs. 

Additionally, we covered the case study's energy-saving strategies, which included passive 

cooling and heating, passive lighting, double glazing windows, thermal insulation, and 

smart energy management systems. The comparison research revealed considerable gains 

in a number of measures, including the relative humidity of the building zone, the interior 

temperature, the cooling and heating loads, and the overall yearly energy cost of cooling 

and heating. 

This methodology offers a thorough strategy for comprehending and enhancing buildings' 

energy performance. It enables us to simulate many situations, model the intricate 

dynamics of a building's energy system, and conduct highly visual and understandable 

analyses of the outcomes. The findings of this study will shed important light on the 

possibility of substantial energy savings in residential buildings through the use of energy 

efficiency strategies. 
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4.  RESULTS AND DISCUSSION 

4.1 INTRODUCTION 

This chapter's main objective is to present, examine, and interpret the research's findings. 

This chapter will go in-depth on the specific findings that came from employing our 

methodology in Chapter 3, concentrating on how different energy-saving methods affected 

the performance of the case study building. 

The variations in the building's relative humidity, interior temperature, cooling loads, 

heating loads, and the overall yearly energy cost of cooling and heating are all included in 

the simulation findings that we will give. These findings will be examined in relation to 

the building's energy efficiency and the efficacy of the adopted energy efficiency 

measures. 

Additionally, this chapter seeks to offer a thorough analysis that links our findings to the 

body of information already available in the area of building energy efficiency. We will 

evaluate similarities and differences between our findings and those of earlier research, as 

well as offer potential reasons for these findings. 

The ramifications of our results for theory and practice will next be discussed. Discussing 

the potential for large energy savings in residential structures via the use of energy 

efficiency measures and offering helpful advice for building designers, engineers, and 

decision-makers are included in this. 

In summary, the purpose of this chapter is to increase our understanding of energy 

efficiency in residential structures by presenting our findings and engaging in a 

meaningful conversation.  

4.2 PRESENTATION OF RESULTS 

4.2.1 Simulation Work’s Comparative Analysis 

MATLAB and Python simulation software packages, which were used to direct high-

performance inspection and mathematical analysis, were used to obtain the simulation 

findings. Using these methods, we were able to forecast some of the thermal efficiency 



38 

 

characteristics and other important thermal variables of the case study building in Turkey. 

Mechanical engineers, building industry experts, and consultants in numerical thermal 

analysis analyzed and confirmed the numerical results and simulation outputs. 

The structure chosen for this case study is an example of a typical residential residence, 

with seven occupants and a total surface area of around 240 m2. Figure 3.1 of Chapter 3 

details the building's layout. 

In Table 4.1, the results of the critical comparison analysis regarding the inclusion and 

exclusion of contemporary energy-efficient materials and technologies in the case study 

are shown. The relative humidity of the building zone, interior temperature, cooling and 

heating loads, and the total yearly energy cost of cooling and heating are the five important 

thermal metrics listed in this table. The table shows values before and after using the 

energy-efficient techniques for each parameter. 

Table 0.1: The Critical Comparative Analysis Outcomes Regarding the Inclusion and Exclusion 

of Modern Energy-Efficient Materials and Technologies in the Case Study. 

No. Thermal Parameter 

Energy Efficient Methods 

Implementation (Value)  

Before  After 

1 Building Zone’s Relative Humidity 60.4% 25.1% 

2 Internal Temperature  29.8 ºC  21.3 ºC 

3 Cooling Loads  216.8 kW 99.5 kW 

4 Heating Loads  452.8 kW 112.4 kW 

5 
Total Annual Energy Cost of Cooling and 

Heating  
103.1 USD 49.7 USD 

The results shown in Table 4.1 show that the building zone's relative humidity, internal 

temperature, cooling loads, heating loads, and overall annual budget of cooling and 

heating requirements were significantly more significant before using intelligent 

insulation materials, passive cooling and heating methods, and novel energy-efficiency 

approaches than they were in the second scenario, where those five variables recorded 
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lower values after the application of these three types of innovative energy-efficiency 

approaches. 

Graphical representations provide additional information and numerical explanations of 

these advantages. Figure 4.1, for instance, shows the layout of building zone humidity 

levels before and after using those useful notions. 

Figure 10's findings illustrate how the interior humidity of the building changed both 

before and after new energy-saving devices were implemented. The data shows that the 

humidity levels have significantly improved after these technologies were put in place. 

The facility's interior humidity was 60.4% prior to the implementation of energy-saving 

measures. This suggests that the humidity level within the structure is rather high, which 

may cause discomfort or other problems like mold growth or moisture damage. 

However, the facility's internal humidity dropped dramatically to 25.1% with the 

installation of new energy-saving measures. This decrease shows a significant 

improvement in regulating and maintaining ideal humidity levels inside the structure. 

The use of different energy-saving techniques, such as intelligent insulating materials, 

passive cooling and heating techniques, and other energy-efficient ways, can be credited 

with the decrease in humidity. These actions help the inner sections of the structure to 

better control and regulate moisture. 

The facility gives its users a more cozy and healthy interior atmosphere by obtaining a 

lower humidity level of 25.1%. Additionally, it aids in preventing the development of 

mold and other moisture-related problems, enhancing the building's general quality and 

durability. 

The reduction in humidity is a crucial result for energy efficiency since it means less 

energy will be needed for cooling and dehumidification procedures. The institution may 

optimize its energy use and lower associated expenses by controlling humidity levels 

appropriately. 

The large difference in humidity levels before and after implementing new energy-saving 

technology demonstrates the efficacy and beneficial effects of these measures on 

establishing a more pleasant and energy-efficient building environment. 
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The simulation findings showed that implementing novel energy-saving measures had a 

considerable influence on the building's internal temperature. Figure 11 provides a 

comparison of the interior temperature of the building before and after the use of various 

technologies, which demonstrates this point clearly. 

 

Figure 4.1: Facility’s Internal Temperature Before and After Applying New Energy-Saving 

Technologies. 

The building's interior temperature was measured at 29.8°C prior to the use of energy-

saving technology. Even while the temperature isn't too high, it can make the building's 

residents uncomfortable, especially in the summer. High interior temperatures can also 

increase the need for cooling systems, which can result in more energy being used and 

more money being spent. 

However, a significant drop in interior temperature was seen after the use of energy-saving 

technology. 21.3°C was the new average temperature, a decline of around 8.5°C. This drop 

in temperature can greatly increase indoor comfort, creating a more comfortable space for 

the building's inhabitants. 
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A lower internal temperature may also lessen the demand for cooling systems, which 

would result in less energy being used and less money being spent. This illustrates the 

efficacy of the energy-saving technology used in the building, showing that they are 

successful in increasing energy efficiency while simultaneously enhancing comfort levels. 

4.2.2 Cooling and Heating Energy Results and Their Associated Cost 

Our numerical simulations also looked at additional critical factors to further evaluate the 

usefulness of insulating materials and other critical energy efficiency techniques in 

enhancing the facility's energy performance, in addition to the findings that have already 

been mentioned. 

Additional data on the facility's comparative study are shown in Figure 4.2, with an 

emphasis on the total cost, cooling loads, and heating demand before and after the use of 

innovative energy-saving strategies. 

The building's cooling and heating loads were measured at 216.8 kW and 452.8 kW, 

respectively, prior to the use of these procedures. These high loads show that a large 

quantity of energy was needed to keep the facility at a suitable temperature. This results 

in significant energy expenses in addition to excessive energy usage. In actuality, the cost 

of heating and cooling was estimated to be 103.1 USD per year. 

The cooling and heating loads, as well as the overall yearly energy cost, were, however, 

significantly reduced with the adoption of energy-saving devices. The heating demands 

declined to 112.4 kW and the cooling loads to 99.5 kW. This shows the success of the 

energy-saving devices in lowering the building's energy consumption by more than 50% 

for both metrics. 

Additionally, the overall yearly energy expenditure for heating and cooling was decreased 

by more than 50% to 49.7 USD. These substantial cost savings highlights the financial 

advantages of using energy-saving systems in buildings. 
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Figure 4.2: Further Comparative Findings on the Use and Nonconsideration of New Energy-

Saving Technologies in the Facility Investigated. 

These results offer compelling evidence of the significance and usefulness of 

contemporary energy efficiency concepts and techniques in enhancing economic 

profitability, yearly cost-effectiveness, and energy feasibility.  

Figure 4.3 indicates some simulation findings attained from the Python mathematical 

simulation processes of the Turkish building.   

The first figure shows a comparison between the outside temperature, the pace of cooling, 

and the rate of heating over time. The outdoor temperature is shown as a red line that 

changes over time. The cooling rate, represented by the blue line, shows how much cooling 

power is being consumed at each time step. The heating rate is shown by the magenta line, 

which displays the amount of heating power being consumed at each time step. 
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Figure 4.3: Cost, Power Utilization, Power and Temperature Display. 

It can be inferred from Figure 4.3 that the difference between the inside and outside 

temperatures is used to calculate the cooling and heating rates. Cooling is required, and 

the cooling rate rises when the inside temperature is higher than the outdoor temperature. 

In contrast, heating is required, and the heating rate rises when the indoor temperature is 

lower than the outdoor temperature. Additionally, there are times when no heating nor 

cooling is required, in which case both rates are zero. 

The green line in the second illustration shows the evolution of the cost of power. Based 

on the rates for cooling and heating, this expense is estimated. The cost of power rises with 
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high cooling or heating rates. The cost of power is zero when neither heating nor cooling 

is required. This graph makes it easy to see how using cooling and heating systems affects 

the price of power over time. 

These numbers offer essential information about the long-term energy use and expense of 

keeping the residence at a suitable temperature. They emphasize the need of effective 

cooling and heating systems for lowering energy costs and utilization. 

Three energy-efficient techniques were used in the Python simulation, and their effects on 

the building's performance were examined. These techniques most likely indicate several 

approaches to enhancing the building's energy effectiveness, such as enhancing insulation, 

enhancing HVAC systems, or putting in place smart energy management devices. 

Total Energy Cost Comparison: Before and after each method's adoption, the total energy 

cost was compared. This comparison gives a good idea of the financial advantages of each 

approach. The strategies' ability to increase a building's energy efficiency and lower 

operating costs would be shown by a substantial drop in general electrical expenses 

following their installation: 

a. Temperature Decrease Comparison: The interior temperature decrease of the building 

was also compared for each technique. This comparison is essential for determining 

how well the strategies work to increase thermal comfort in the building. A greater 

drop in temperature would suggest a more efficient technique, especially for structures 

in hot areas where cooling accounts for a sizable portion of the building's energy usage. 

b. Comparison of the relative humidity change in the building zone: The relative 

humidity change in the building zone was compared for each technique. This 

comparison is crucial for determining how the techniques affect the indoor air quality 

of the structure. High relative humidity can cause problems for the residents, such as 

the formation of mold. As a result, techniques that successfully lower relative humidity 

can greatly enhance the building's indoor environmental quality. 
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Figure 4.4: Python Results. 

These comparisons offer a thorough evaluation of how well the three energy-efficient 

techniques perform. They help us comprehend how these techniques affect the thermal 

comfort and indoor air quality of the building in addition to their financial advantages. 
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4.3 CHAPTER SUMMARY 

Our research showed that the building's thermal performance had significantly improved, 

as evidenced by drops in relative humidity, interior temperature, cooling and heating loads, 

and the overall yearly energy cost of cooling and heating. These results emphasize the 

success of the energy-efficient techniques used in the building and highlight their potential 

to improve residential buildings' energy efficiency and occupant comfort. 

Additional insights into our findings were gained through the comparison with prior 

research. It deepened our understanding of the complex dynamics of energy efficiency in 

buildings by assisting us in identifying similarities and differences between our findings 

and those of earlier studies. 

We also spoke about the consequences of our results for theory and practice. Our study 

offers useful advice for building designers, engineers, and legislators while also advancing 

the theoretical knowledge of energy efficiency in residential structures. 

In conclusion, the findings and debates discussed in this chapter offer insightful 

information on the possibility for substantial energy savings in residential buildings 

through the use of energy efficiency strategies. These results lay the groundwork for the 

last chapter, in which we will review our study and talk about its potential directions. 
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5.  CONCLUSIONS AND FUTURE WORK 

5.1 INTRODUCTION 

This chapter presents, examines, and evaluates the findings of the research. The simulation 

findings provide a thorough insight into how different energy efficiency methods affected 

the performance of the case study building. 

5.2 CONCLUSIONS 

In this study, investigations were led and executed on how different energy-saving 

strategies affected the thermal performance of a residential structure in Turkey. The 

research, which was based on extensive simulations and comparative studies, has shown 

that these strategies have a substantial potential to improve residential buildings' energy 

efficiency and occupant comfort. The building's thermal performance was significantly 

enhanced through the use of clever insulating materials, passive cooling and heating 

techniques, and innovative energy-efficiency strategies. Relative humidity, interior 

temperature, cooling and heating loads, as well as the total yearly energy cost of cooling 

and heating, were decreased in the building zone. The study offers useful advice for 

building designers, engineers, and legislators while also advancing the theoretical 

knowledge of energy efficiency in residential structures. The knowledge gathered from 

this research may be used to design and run energy-efficient residential structures, 

resulting in substantial energy savings and increased occupant comfort. 

5.3 FUTURE WORKS 

Depending on the research’s numerical outcomes obtained in this master’s work, it is 

worth mentioning that there are a number of critical future work suggestions for further 

investigation, even if this study has yielded insightful information. 

First, more investigation may examine the effects of other energy-efficiency measures not 

addressed in this study. This might involve installing cutting-edge HVAC systems or using 

renewable energy sources like solar or wind power. 
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Second, future research may potentially take various building kinds and climates into 

account. A more thorough understanding of the application and efficacy of energy 

efficiency strategies in many situations would result from this. 

Third, the accuracy of the forecasts may be improved by the creation of more complex 

simulation models. These models might include more accurate depictions of the structure's 

physical characteristics and how various building systems interact. 

The economic benefits of employing these energy efficiency strategies, including the 

initial investment costs and payback duration, should potentially be studied in future study. 

This would offer a more thorough evaluation of the practicality and commercial viability 

of these strategies. 

The influence of energy-saving strategies on residential structures has been better 

understood thanks to our study, but there is still more to learn about this crucial area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



49 

 

REFERENCES  

[1] E. N. Ekhaese and A. O. Solaja, “Assessment of Lighting Strategies in Art 

Galleries: A Comparative Case Study of Selected Art Galleries in Lagos State,” 

IOP Conf Ser Earth Environ Sci, vol. 1054, no. 1, p. 012028, Sep. 2022, doi: 

10.1088/1755-1315/1054/1/012028. 

[2] N. O. Onubogu, K.-K. Chong, and M.-H. Tan, “Review of Active and Passive 

Daylighting Technologies for Sustainable Building,” International Journal of 

Photoenergy, vol. 2021, pp. 1–27, Oct. 2021, doi: 10.1155/2021/8802691. 

[3] F. Sabry, Translucent Concrete: How-to see-through walls? Using nano optics and 

mixing fine concrete and optical fibers for illumination during day and night time, 

vol. 25. 2022. 

[4] E. N. Ekhaese and A. O. Solaja, “Assessment of Lighting Strategies in Art 

Galleries: A Comparative Case Study of Selected Art Galleries in Lagos State,” 

IOP Conf Ser Earth Environ Sci, vol. 1054, no. 1, p. 012028, Sep. 2022, doi: 

10.1088/1755-1315/1054/1/012028. 

[5] K. Chung-Camargo, M. Bencid, D. Mora, and M. A. Chen-Austin, “Low-

consumption techniques in tropical climates for energy and water savings in 

buildings: A review on experimental studies,” I+D Tecnológico, vol. 18, no. 1, pp. 

5–18, Jul. 2022, doi: 10.33412/idt.v18.1.3461. 

[6] A.-M. Dabija, “The Sun – Building Partner of All Times; Passive and Active 

Approaches,” 2021, pp. 59–88. doi: 10.1007/978-3-030-70960-0_4. 

[7] G. Gangisetty and R. Zevenhoven, “A Review of Nanoparticle Material Coatings 

in Passive Radiative Cooling Systems Including Skylights,” Energies (Basel), vol. 

16, no. 4, p. 1975, Feb. 2023, doi: 10.3390/en16041975. 

[8] N. O. Onubogu, K.-K. Chong, and M.-H. Tan, “Review of Active and Passive 

Daylighting Technologies for Sustainable Building,” International Journal of 

Photoenergy, vol. 2021, pp. 1–27, Oct. 2021, doi: 10.1155/2021/8802691. 

[9] A. Caron-Rousseau, P. Blanchet, and L. Gosselin, “Parametric Study of 

Lightweight Wooden Wall Assemblies for Cold and Subarctic Climates Using 

External Insulation,” Buildings, vol. 12, no. 7, p. 1031, Jul. 2022, doi: 

10.3390/buildings12071031. 



50 

 

[10] D. Karpov, O. Dyudina, and M. Pavlov, “A review on modern heat-insulating 

materials for improving the energy efficiency of buildings and life-support 

utilities,” E3S Web of Conferences, vol. 288, p. 01099, Jul. 2021, doi: 

10.1051/e3sconf/202128801099. 

[11] L. D. Hung Anh and Z. Pásztory, “An overview of factors influencing thermal 

conductivity of building insulation materials,” Journal of Building Engineering, 

vol. 44, p. 102604, Dec. 2021, doi: 10.1016/j.jobe.2021.102604. 

[12] A. Miglioli, N. Aste, C. Del Pero, and F. Leonforte, “Photovoltaic-thermal solar-

assisted heat pump systems for building applications: Integration and design 

methods,” Energy and Built Environment, vol. 4, no. 1, pp. 39–56, Feb. 2023, doi: 

10.1016/j.enbenv.2021.07.002. 

[13] A. Røyset, T. Kolås, and B. P. Jelle, “Coloured building integrated photovoltaics: 

Influence on energy efficiency,” Energy Build, vol. 208, p. 109623, Feb. 2020, doi: 

10.1016/j.enbuild.2019.109623. 

[14] W. Wu and H. M. Skye, “Residential net-zero energy buildings: Review and 

perspective,” Renewable and Sustainable Energy Reviews, vol. 142, p. 110859, 

May 2021, doi: 10.1016/j.rser.2021.110859. 

[15] Y. Qu, J. Chen, L. Liu, T. Xu, H. Wu, and X. Zhou, “Study on properties of phase 

change foam concrete block mixed with paraffin / fumed silica composite phase 

change material,” Renew Energy, vol. 150, pp. 1127–1135, 2020. 

[16] Y. Gao et al., “Thermal behavior analysis of hollow bricks filled with phase-

change material (PCM),” Journal of Building Engineering, vol. 31, p. 101447, Sep. 

2020, doi: 10.1016/j.jobe.2020.101447. 

[17] S. R. L. da Cunha and J. L. B. de Aguiar, “Phase change materials and energy 

efficiency of buildings: A review of knowledge,” J Energy Storage, vol. 27, p. 

101083, Feb. 2020, doi: 10.1016/j.est.2019.101083. 

[18] R. D. Beltrán and J. Martínez-Gómez, “Analysis of phase change materials (PCM) 

for building wallboards based on the effect of environment,” Journal of Building 

Engineering, vol. 24, p. 100726, Jul. 2019, doi: 10.1016/j.jobe.2019.02.018. 

[19] L. Liu, Y. Li, and L. Long, “Application Research of a Biomass Insulation 

Material: Eliminating Building Thermal Bridges,” Sustainability, vol. 14, no. 12, 

p. 6983, Jun. 2022, doi: 10.3390/su14126983. 



51 

 

[20] V. G, B. K, M. Nagaraj, and A. J. P. Kumar, “Investigations of Flame Retardancy, 

Mechanical and Thermal Properties of Woven Hemp/PP Hybrid Composite for 

Insulating Material Reinforced with Synthetic Silicon and Zinc Oxides,” Silicon, 

Mar. 2023, doi: 10.1007/s12633-023-02408-4. 

[21] H. M. Künzel, “Characteristics of Bio-based Insulation Materials,” 2022, pp. 163–

175. doi: 10.1007/978-3-030-98693-3_6. 

[22] Y. Xiao, H. Deng, Z. Xie, and W. He, “Application of Nanoporous Super Thermal 

Insulation Material in the Prevention and Control of Thermal Hazards in Deep 

Mining of Metal Mines,” J Nanomater, vol. 2022, pp. 1–10, May 2022, doi: 

10.1155/2022/2390616. 

[23] K. H. Yu, Y. Zhang, D. Li, C. E. Montenegro-Marin, and P. M. Kumar, 

“Environmental planning based on reduce, reuse, recycle and recover using 

artificial intelligence,” Environ Impact Assess Rev, vol. 86, p. 106492, Jan. 2021, 

doi: 10.1016/j.eiar.2020.106492. 

[24] A.-M. Dabija, “The Sun – Building Partner of All Times; Passive and Active 

Approaches,” 2021, pp. 59–88. doi: 10.1007/978-3-030-70960-0_4. 

[25] C. Liao et al., “Bio-inspired construction of super-hydrophobic, eco-friendly 

multifunctional and bio-based cotton fabrics via impregnation method,” Colloids 

Surf A Physicochem Eng Asp, vol. 651, p. 129647, Oct. 2022, doi: 

10.1016/j.colsurfa.2022.129647. 

[26] H. Al Abdallah, B. Abu-Jdayil, and M. Z. Iqbal, “Improvement of mechanical 

properties and water resistance of bio-based thermal insulation material via silane 

treatment,” J Clean Prod, vol. 346, p. 131242, Apr. 2022, doi: 

10.1016/j.jclepro.2022.131242. 

[27] M. Khoukhi, A. Dar Saleh, A. F. Mohammad, A. Hassan, and S. Abdelbaqi, 

“Thermal performance and statistical analysis of a new bio-based insulation 

material produced using grain puffing technique,” Constr Build Mater, vol. 345, 

p. 128311, Aug. 2022, doi: 10.1016/j.conbuildmat.2022.128311. 

[28] F. Fedorik et al., “Hygrothermal properties of advanced bio-based insulation 

materials,” Energy Build, vol. 253, p. 111528, Dec. 2021, doi: 

10.1016/j.enbuild.2021.111528. 



52 

 

[29] C. Lafond and P. Blanchet, “Technical Performance Overview of Bio-Based 

Insulation Materials Compared to Expanded Polystyrene,” Buildings, vol. 10, no. 

5, p. 81, Apr. 2020, doi: 10.3390/buildings10050081. 

[30] M. Schulte, I. Lewandowski, R. Pude, and M. Wagner, “Comparative life cycle 

assessment of bio‐based insulation materials: Environmental and economic 

performances,” GCB Bioenergy, vol. 13, no. 6, pp. 979–998, Jun. 2021, doi: 

10.1111/gcbb.12825. 

[31] H. Taherian and R. W. Peters, “Advanced Active and Passive Methods in 

Residential Energy Efficiency,” Energies (Basel), vol. 16, no. 9, p. 3905, May 

2023, doi: 10.3390/en16093905. 

[32] Y. Elaouzy and A. El Fadar, “A multi-level evaluation of bioclimatic design in 

Mediterranean climates,” Sustainable Energy Technologies and Assessments, vol. 

52, p. 102124, Aug. 2022, doi: 10.1016/j.seta.2022.102124. 

[33] Y. Elaouzy and A. El Fadar, “Energy, economic and environmental benefits of 

integrating passive design strategies into buildings: A review,” Renewable and 

Sustainable Energy Reviews, vol. 167, p. 112828, Oct. 2022, doi: 

10.1016/j.rser.2022.112828. 

[34] D. K. Bhamare, M. K. Rathod, and J. Banerjee, “Passive cooling techniques for 

building and their applicability in different climatic zones—The state of art,” 

Energy Build, vol. 198, pp. 467–490, Sep. 2019, doi: 

10.1016/j.enbuild.2019.06.023. 

[35] P. Bano and S. Dervishi, “The impact of vertical vegetation on thermal 

performance of high-rise office building facades in Mediterranean climate,” 

Energy Build, vol. 236, p. 110761, Apr. 2021, doi: 10.1016/j.enbuild.2021.110761. 

[36] X. Zheng, T. Dai, and M. Tang, “An experimental study of vertical greenery 

systems for window shading for energy saving in summer,” J Clean Prod, vol. 

259, p. 120708, Jun. 2020, doi: 10.1016/j.jclepro.2020.120708. 

[37] V. Franzitta, S. Longo, G. Sollazzo, M. Cellura, and C. Celauro, “Primary Data 

Collection and Environmental/Energy Audit of Hot Mix Asphalt Production,” 

Energies (Basel), vol. 13, no. 8, p. 2045, Apr. 2020, doi: 10.3390/en13082045. 



53 

 

[38] M. Economidou, V. Todeschi, P. Bertoldi, D. D’Agostino, P. Zangheri, and L. 

Castellazzi, “Review of 50 years of EU energy efficiency policies for buildings,” 

Energy Build, vol. 225, p. 110322, Oct. 2020, doi: 10.1016/j.enbuild.2020.110322. 

[39] C. E. Kontokosta, D. Spiegel-Feld, and S. Papadopoulos, “The impact of 

mandatory energy audits on building energy use,” Nat Energy, vol. 5, no. 4, pp. 

309–316, Mar. 2020, doi: 10.1038/s41560-020-0589-6. 

[40] C. E. Kontokosta, V. J. Reina, and B. Bonczak, “Energy Cost Burdens for Low-

Income and Minority Households,” Journal of the American Planning Association, 

vol. 86, no. 1, pp. 89–105, Jan. 2020, doi: 10.1080/01944363.2019.1647446. 

[41] A. Sendrayaperumal et al., “Energy Auditing for Efficient Planning and 

Implementation in Commercial and Residential Buildings,” Advances in Civil 

Engineering, vol. 2021, pp. 1–10, Sep. 2021, doi: 10.1155/2021/1908568. 

[42] C. Sebi, S. Nadel, B. Schlomann, and J. Steinbach, “Policy strategies for achieving 

large long-term savings from retrofitting existing buildings,” Energy Effic, vol. 12, 

no. 1, pp. 89–105, Jan. 2019, doi: 10.1007/s12053-018-9661-5. 

[43] J. Lee, M. McCuskey Shepley, and J. Choi, “Exploring the effects of a building 

retrofit to improve energy performance and sustainability: A case study of Korean 

public buildings,” Journal of Building Engineering, vol. 25, p. 100822, Sep. 2019, 

doi: 10.1016/j.jobe.2019.100822. 

[44] M. Lu and J. H. K. Lai, “Building energy: a review on consumptions, policies, 

rating schemes and standards,” Energy Procedia, vol. 158, pp. 3633–3638, Feb. 

2019, doi: 10.1016/j.egypro.2019.01.899. 

[45] M. Lu and J. H. K. Lai, “Building energy: a review on consumptions, policies, 

rating schemes and standards,” Energy Procedia, vol. 158, pp. 3633–3638, Feb. 

2019, doi: 10.1016/j.egypro.2019.01.899. 

[46] B. Grillone, S. Danov, A. Sumper, J. Cipriano, and G. Mor, “A review of 

deterministic and data-driven methods to quantify energy efficiency savings and 

to predict retrofitting scenarios in buildings,” Renewable and Sustainable Energy 

Reviews, vol. 131, p. 110027, Oct. 2020, doi: 10.1016/j.rser.2020.110027. 

[47] F. Ascione et al., “A real industrial building: Modeling, calibration and Pareto 

optimization of energy retrofit,” Journal of Building Engineering, vol. 29, p. 

101186, May 2020, doi: 10.1016/j.jobe.2020.101186. 



54 

 

[48] J. Malinauskaite, H. Jouhara, L. Ahmad, M. Milani, L. Montorsi, and M. 

Venturelli, “Energy efficiency in industry: EU and national policies in Italy and 

the UK,” Energy, vol. 172, pp. 255–269, Apr. 2019, doi: 

10.1016/j.energy.2019.01.130. 

[49] Rockwool, “ Internal Wall Insulation,” Rockwool, 2022. 

[50] Mackenzie N. G., “3 Common Insulation Materials Used in Old Homes,” 

ThisOldHouse, 2023. 

[51] Qingdao Taiyue Composite Material, “Underlayment & Under Carpet Insulation,” 

Qdtaiyue/ Taiyue, 20AD. 

[52] Ringler A., “What is Cellulose Insulation? What’s it Made of and How Does it 

Work?,” RetroFoam, Michigan, USA, 2021. 

[53] SolarVest., “Commercial & Industrial Solar Farm & Energy Solar Panel, Solar 

Photovoltaic (PV) & Solar Power System in Malaysia,” 

https://solarvest.my/solutions/, 2023. 

[54] S. E. Sofyan, E. Hu, A. Kotousov, T. M. I. Riayatsyah, and R. Thaib, 

“Mathematical Modelling and Operational Analysis of Combined Vertical–

Horizontal Heat Exchanger for Shallow Geothermal Energy Application in 

Cooling Mode,” Energies (Basel), vol. 13, no. 24, p. 6598, Dec. 2020, doi: 

10.3390/en13246598. 

[55] M. Webb, “Biomimetic building facades demonstrate potential to reduce energy 

consumption for different building typologies in different climate zones,” Clean 

Technol Environ Policy, vol. 24, no. 2, pp. 493–518, Mar. 2022, doi: 

10.1007/s10098-021-02183-z. 

[56] F. Mostafavi, M. Tahsildoost, and Z. Zomorodian, “Energy efficiency and carbon 

emission in high-rise buildings: A review (2005-2020),” Build Environ, vol. 206, 

p. 108329, Dec. 2021, doi: 10.1016/j.buildenv.2021.108329. 

[57] M. Prada et al., “New solutions to reduce greenhouse gas emissions through energy 

efficiency of buildings of special importance – Hospitals,” Science of The Total 

Environment, vol. 718, p. 137446, May 2020, doi: 

10.1016/j.scitotenv.2020.137446. 

 



55 

 

[58] J. Terés-Zubiaga et al., “Cost-effective building renovation at district level 

combining energy efficiency &amp; renewables – Methodology assessment 

proposed in IEA EBC Annex 75 and a demonstration case study,” Energy Build, 

vol. 224, p. 110280, Oct. 2020, doi: 10.1016/j.enbuild.2020.110280. 

[59] S. Gorjian, H. Ebadi, G. Najafi, S. Singh Chandel, and H. Yildizhan, “Recent 

advances in net-zero energy greenhouses and adapted thermal energy storage 

systems,” Sustainable Energy Technologies and Assessments, vol. 43, p. 100940, 

Feb. 2021, doi: 10.1016/j.seta.2020.100940. 

[60] W. Suqi, E. M. B. A. Zawawi, K. Q. Jie, C. Yunpeng, and Y. Junyi, “Enhances of 

nearly zero-energy public buildings in regions with hot summers and cold winter,” 

J Phys Conf Ser, vol. 2467, no. 1, p. 012019, May 2023, doi: 10.1088/1742-

6596/2467/1/012019. 

[61] F. BAL KOÇYİĞİT, M. A. ZİNKÇİ, M. SAYESTHNOM, and C. TURHAN, 

“FEASIBILITY OF NEARLY-ZERO ENERGY BUILDING RETROFITS BY 

USING RENEWABLE ENERGY SOURCES IN AN EDUCATIONAL 

BUILDING,” Journal of Scientific Perspectives, vol. 3, no. 4, pp. 311–318, Oct. 

2019, doi: 10.26900/jsp.3.032. 

[62] S.-C. Zhang, X.-Y. Yang, W. Xu, and Y.-J. Fu, “Contribution of nearly-zero 

energy buildings standards enforcement to achieve carbon neutral in urban area by 

2060,” Advances in Climate Change Research, vol. 12, no. 5, pp. 734–743, Oct. 

2021, doi: 10.1016/j.accre.2021.07.004. 

[63] A. B. Kristiansen, T. Ma, and R. Z. Wang, “Perspectives on industrialized 

transportable solar powered zero energy buildings,” Renewable and Sustainable 

Energy Reviews, vol. 108, pp. 112–124, Jul. 2019, doi: 10.1016/j.rser.2019.03.032. 

[64] U. Uygun, C. M. Akgul, I. G. Dino, and B. G. Akinoglu, “Approaching Net-Zero 

Energy Building Through Utilization of Building-Integrated Photovoltaics for 

Three Cities in Turkey-Preliminary Calculations,” in 2018 International 

Conference on Photovoltaic Science and Technologies (PVCon), IEEE, Jul. 2018, 

pp. 1–5. doi: 10.1109/PVCon.2018.8523913. 

 

 



56 

 

[65] R. Zahedi, M. A. N. Seraji, D. Borzuei, S. F. Moosavian, and A. Ahmadi, 

“Feasibility study for designing and building a zero-energy house in new cities,” 

Solar Energy, vol. 240, pp. 168–175, Jul. 2022, doi: 

10.1016/j.solener.2022.05.036. 

[66] X. Yang, S. Zhang, and W. Xu, “Impact of zero energy buildings on medium-to-

long term building energy consumption in China,” Energy Policy, vol. 129, pp. 

574–586, Jun. 2019, doi: 10.1016/j.enpol.2019.02.025. 

[67] T. Wilberforce, A. G. Olabi, E. T. Sayed, K. Elsaid, H. M. Maghrabie, and M. A. 

Abdelkareem, “A review on zero energy buildings – Pros and cons,” Energy and 

Built Environment, vol. 4, no. 1, pp. 25–38, Feb. 2023, doi: 

10.1016/j.enbenv.2021.06.002. 

[68] X. Xu, G. Feng, D. Chi, M. Liu, and B. Dou, “Optimization of Performance 

Parameter Design and Energy Use Prediction for Nearly Zero Energy Buildings,” 

Energies (Basel), vol. 11, no. 12, p. 3252, Nov. 2018, doi: 10.3390/en11123252. 

[69] E. Iturriaga, U. Aldasoro, J. Terés-Zubiaga, and A. Campos-Celador, “Optimal 

renovation of buildings towards the nearly Zero Energy Building standard,” 

Energy, vol. 160, pp. 1101–1114, Oct. 2018, doi: 10.1016/j.energy.2018.07.023. 

[70] N. Zhu, X. Liu, Q. Dong, and D. Rodriguez, “Optimization of zero-energy building 

by multi-criteria optimization method: A case study,” Journal of Building 

Engineering, vol. 44, p. 102969, Dec. 2021, doi: 10.1016/j.jobe.2021.102969. 

[71] F. Emil and A. Diab, “Energy rationalization for an educational building in Egypt: 

Towards a zero energy building,” Journal of Building Engineering, vol. 44, p. 

103247, Dec. 2021, doi: 10.1016/j.jobe.2021.103247. 

[72] S. Zhang, Y. Fu, X. Yang, and W. Xu, “Assessment of mid-to-long term energy 

saving impacts of nearly zero energy building incentive policies in cold region of 

China,” Energy Build, vol. 241, p. 110938, Jun. 2021, doi: 

10.1016/j.enbuild.2021.110938. 

[73] H. H. Ali, F. A. A. Al-Rub, B. Shboul, and H. Al Moumani, “EVALUATION OF 

NEAR-NET-ZERO-ENERGY BUILDING STRATEGIES: A CASE STUDY ON 

RESIDENTIAL BUILDINGS IN JORDAN,” International Journal of Energy 

Economics and Policy, vol. 10, no. 6, pp. 325–336, Oct. 2020, doi: 

10.32479/ijeep.10107. 



57 

 

[74] U. Acar, O. Kaska, and N. Tokgoz, “Multi-objective optimization of building 

envelope components at the preliminary design stage for residential buildings in 

Turkey,” Journal of Building Engineering, vol. 42, p. 102499, Oct. 2021, doi: 

10.1016/j.jobe.2021.102499. 

[75] M. S. Yazdi, S. B. Karkani, and E. Erturk, “Sizing of an Islanded Wind Solar 

Battery Hybrid Power System for a Zero-Energy House in Afyon Turkey,” 

International Journal of Renewable Energy Research (IJRER), vol. 11, no. 3, 

2021. 

[76] A. Ö. Dal and T. Ashrafian, “Evaluation of Building Retrofitting Alternatives 

Towards Zero Energy School Building in Turkey ,” 2022. 

[77] D. Evin and A. Ucar, “Energy impact and eco-efficiency of the envelope insulation 

in residential buildings in Turkey,” Appl Therm Eng, vol. 154, pp. 573–584, May 

2019, doi: 10.1016/j.applthermaleng.2019.03.102. 

[78] M. Atmaca and Z. Yýlmaz, “A Study on Energy and Cost Efficiency for Existing 

Hotel Buildings in Turkey,” E3S Web of Conferences, vol. 111, p. 03037, Aug. 

2019, doi: 10.1051/e3sconf/201911103037. 

[79] Kamal, “240 Square Meter House Plan With Interior Layout Drawing DWG File,” 

Cadbull, India, 2019. 

[80] G. Bayrak, D. Ertekin, H. Haes Alhelou, and P. Siano, “A Real-Time Energy 

Management System Design for a Developed PV-Based Distributed Generator 

Considering the Grid Code Requirements in Turkey,” Energies (Basel), vol. 14, 

no. 20, p. 6684, Oct. 2021, doi: 10.3390/en14206684. 

[81] Weather Atlas, “Climate and monthly weather forecast Istanbul, Turkey,” Weather 

Atlas, 2023. 

 

  

 


