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Abstract 

This paper investigates the integration of renewable energy technologies (RETs) in the design of 

smart buildings with the aim of achieving enhanced energy efficiency and self-sufficiency. As the 

demand for sustainable building practices grows, it becomes imperative to harness renewable energy 

sources and leverage advanced control mechanisms. This paper provides a comprehensive overview 

of the current state-of-the-art RETs, including photovoltaics, wind turbines, solar thermal systems, 

and energy storage solutions. The focus of the paper extends to the convergence of these 

technologies with smart building systems, such as energy management systems, building 

automation, and advanced sensors and controls. Through in-depth case studies, the paper 

demonstrates how the synergetic integration of RETs in smart buildings can lead to significant 

reductions in energy consumption, lower carbon footprints, and an enhanced ability for buildings to 

be energy self-reliant. Furthermore, the paper delves into potential challenges and barriers faced in 

the adoption of these technologies and offers strategies and recommendations to overcome them. 

Our findings underscore the transformative potential of merging RETs with smart building designs 

and emphasize the need for further research and policy support in this domain. 

Keywords: Renewable Energy Technologies (RETs), Smart Buildings, Energy Efficiency, Self-

Sufficiency, Integration. 

 

1. Introduction 

Energy has long been the lifeblood of modern civilization, driving our industries, powering 

our homes, and forming the backbone of our daily lives (Avtar et al., 2019). Historically, our 

reliance on fossil fuels to meet these energy needs has posed significant environmental and 

economic challenges (Chanchangi et al., 2023). Emissions from these energy sources have 

contributed to climate change, leading to rising global temperatures, shifting weather patterns, and 

heightened frequencies of extreme weather events (Abbass et al., 2022; Perera, 2018). Beyond the 

environmental ramifications, geopolitical concerns associated with energy supply dependencies 

have underscored the need for more resilient and self-reliant energy solutions (Paravantis & 

Kontoulis, 2020; Thaler & Hofmann, 2022). 
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In this backdrop, energy efficiency has emerged as a paramount concern, with nations and 

industries globally recognizing its dual potential: to significantly reduce energy consumption and to 

cut down on greenhouse gas emissions (Oyedepo, 2012). Energy efficiency is not just about using 

less energy but using it optimally and wisely. It's about ensuring that the least amount of energy is 

wasted and the maximum potential is extracted from every unit consumed (Wilson et al., 2021). 

The relevance of renewable energy, in this context, becomes clear. As the world seeks sustainable 

alternatives to fossil fuels, renewable energy sources such as wind, solar, and hydro have been 

spotlighted as key players in the future energy landscape. They offer a pathway to not just reduce 

our carbon footprint but also to ensure a consistent and self-sustaining energy supply (RES4Africa 

Foundation, 2023). 

Parallel to these developments, the last few decades have witnessed a rapid urbanization trend, 

leading to a surge in the construction of buildings worldwide (Chen et al., 2014; Patra et al., 2018). 

Buildings, both residential and commercial, account for a significant portion of the world's energy 

consumption (González-Torres et al., 2022; Pérez-Lombard et al., 2008). Chatzigeorgiou and 

Martinopoulos (2023) highlighted that nearly 40% of Europe's total energy use is attributed to the 

building industry, predominantly for space heating purposes. Consequently, the way they are 

designed, constructed, and operated holds tremendous implications for global energy use and 

environmental impact. This is where the concept of 'smart building' design enters the narrative. 

Smart buildings, equipped with advanced sensors, controls, and systems, promise a future 

where buildings are not just passive structures but dynamic entities that respond adaptively to their 

surroundings and the needs of their occupants. They are designed with the capability to harness 

renewable energy, optimize energy use, and even feed excess energy back to the grid. In essence, 

smart building design integrates technology, architecture, and energy management to create 

structures that are environmentally responsive and energy-efficient (Farzaneh et al., 2021; Pandiyan 

et al., 2023). 

Given this context, our study aims to explore the intricate interplay between renewable energy 

technologies and smart building design. We aim to uncover how these two domains can be 

integrated effectively to pave the way for buildings that are not only energy-efficient but also self-

sufficient. By understanding the dynamics, challenges, and potential of this integration, we endeavor 

to provide a roadmap for stakeholders – from architects and engineers to policymakers and industry 

leaders – to usher in a new era of sustainable and intelligent building design. 

Through this research, we hope to contribute to the evolving discourse on sustainable energy 

solutions, emphasizing the role of smart building design in shaping a future that's both energy-

efficient and in harmony with the environment. 

 

2. An Overview of Renewable Energy Technologies (RETs) 

In the quest for sustainable energy, there's been a heightened focus on transcending our 

reliance on fossil fuels, leading to the realm of Renewable Energy Technologies (RETs). As climate 

change asserts itself as a pressing global issue, the urgency to pivot to cleaner, more sustainable 

energy sources is palpable. This section probes the nuances of RETs, elucidating on their definitions, 

their multifaceted applications, and their intrinsic values. 

Renewable Energy Technologies, in essence, encompass a gamut of tools, methodologies, and 

apparatuses dedicated to capturing energy from sources that perpetually rejuvenate themselves 

(Kazarian, 2010). Unlike the finite reservoirs of coal, oil, or natural gas, renewable sources like 

sunlight, wind, and water have an enduring nature, ensuring their sustainability over prolonged 

periods (Choi et al., 2017; Dresselhaus & Thomas, 2001). Categorically, RETs can be delineated 

based on the natural resource they tap into (Bhuiyan et al., 2022). However, for the scope of this 

discourse and its pertinence to smart building designs, our spotlight will be cast on pivotal RETs: 

Photovoltaics, Wind Turbines, Solar Thermal Systems, and Energy Storage Solutions. 

Photovoltaics (PVs) are semiconductor devices that directly convert sunlight into electricity 

(Abolarin et al., 2022). The operational mechanism of PVs involves solar cells. When these cells 

are exposed to photons from sunlight, they excite electrons, leading to the generation of an electric 
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current. The ensuing electricity, typically direct current, is then transmuted to alternating current, 

making it suitable for building applications (Lobaccaro et al., 2019). Modern building designs have 

started embracing PVs not just as external appendages but integral components of the architecture 

(Kosorić et al, 2021). Building-Integrated Photovoltaics (BIPV), for instance, amalgamate into 

building structures, serving both as architectural facets and as power generators, orchestrating an 

ensemble of aesthetics, functionality, and sustainability (Marzouk & Atwa, 2020). 

On the other hand, Wind turbines operate by capturing the kinetic energy of the wind, 

converting it into mechanical energy, which is then transformed into electricity (Akorede, 2022). 

With the world increasingly urbanizing, wind turbines are being envisaged not as colossal structures 

in remote wind farms but as complementary elements in urban skyscrapers and structures (Ali & 

Al-Kodmany, 2012). Their capacity to supplement a building's energy needs, especially in synergy 

with other RETs, marks a paradigm shift in urban energy considerations (Probala et al., 2016; 

Tabrizi et al., 2014). 

Solar Thermal Systems, meanwhile, offer a more direct utility, capturing the sun's warmth to 

heat water or air. Harnessing sunlight, these systems, through collectors, transform it into heat, 

which then finds applications in diverse realms, from heating water to space heating and even, 

paradoxically, cooling! (Crawford, 2022; Ni et al., 2016). In smart buildings, the implications of 

such systems span beyond mere utility to enhancements in overall energy efficiency and a reduction 

in conventional energy demands. 

Yet, the true mettle of these RETs is realized when there's a mechanism to store the surplus 

energy they generate, leading us to Energy Storage Solutions. Whether it's the familiar battery 

storage or the more intricate thermal or mechanical storage solutions, the essence remains the same: 

capturing excess energy during times of abundance and releasing it during periods of deficit. In the 

ambit of smart buildings, this dynamic isn't just about storage but optimized storage, governed by 

sophisticated energy management systems that ensure an equilibrium between energy production 

and consumption (Dunn et al., 2011; Goya et al., 2011; Tribunskaia, 2020). 

Reflecting on this journey through RETs, one can't help but be struck by the profound potential 

they harbour. They symbolize more than just technologies; they represent hope, innovation, and a 

commitment to a sustainable future. As architectural designs continue to evolve, integrating these 

technologies signals a transformative phase where buildings aren't just habitats but active 

participants in the larger energy ecosystem. This interplay between renewable technologies and 

smart buildings is more than a mere convergence of fields; it's a testament to the potential of human 

ingenuity in the face of pressing global challenges. The paradigm is shifting, and as buildings 

metamorphose from mere energy consumers to active energy producers, the horizon seems 

promising, beckoning a future where architecture isn't just about sheltering but truly sustaining. 

 

3. Smart Building Systems: A Primer 

In the wake of rapid urbanization and advancing technology, the evolution of buildings and 

infrastructures has witnessed a transformation, manifesting into what we now term as 'smart 

buildings.' These structures, far more than bricks and mortar, embed intelligence into their very 

fabric, serving as responsive entities that dynamically adapt to both their occupants and the 

environment. This deep dive into smart building systems paints a comprehensive picture of their 

functionalities, significance, and the key components that underpin their operations. 

A smart building, at its essence, is an edifice that employs automated processes to control 

myriad operations, ranging from heating, ventilation, air conditioning, lighting, to security and more 

(Alanne & Sierla, 2022; Buckman et al., 2014). This automation is underpinned by a vast array of 

interconnected technologies, sensors, and actuators. Through these components, a smart building 

gathers data and proactively responds to an ever-changing external environment, while also catering 

to the dynamic needs of its internal occupants. The outcome is a paradigm where energy use is 

optimized, comfort is maximized, and operational efficiency is elevated (Benavente-Peces, 2019; 

Sadeghian Broujeny et al., 2020). 
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The gravity of integrating smart systems into buildings is manifold. For one, there's the 

cardinal focus on energy efficiency. As the world grapples with an impending energy crisis and the 

clarion call for sustainability grows louder, the capacity of smart buildings to fine-tune energy 

consumption becomes invaluable (Lawrence et al., 2016). By analyzing data and making real-time 

adjustments, these buildings can drastically reduce wastage, tailoring energy usage patterns to 

synchronize with both the occupants' needs and the availability of renewable energy (Alanne & 

Sierla, 2022; Yüksek & Karadayi, 2017). Over time, this not only results in reduced energy 

consumption but translates to tangible financial savings, an advantage that appeals to both building 

owners and occupants. Furthermore, by monitoring and responding to conditions constantly, smart 

buildings can create tailored environments, ensuring comfort that aligns with individual preferences 

(Huseien & Shah, 2021; Khanzadeh, 2023). From an environmental standpoint, the reduced energy 

consumption directly implies a diminished carbon footprint, marking a significant stride in the quest 

to curb greenhouse gas emissions. Additionally, the constant monitoring also serves a preventive 

function, flagging potential issues before they balloon, thereby ensuring reduced maintenance costs 

and enhancing the longevity of the building's infrastructure. 

Delving deeper into the foundational components that fuel the intelligence of these structures 

brings us to three critical pillars: Energy Management Systems, Building Automation, and 

Advanced Sensors and Controls. 

Energy Management Systems (EMS) are a beacon in the realm of energy conservation. At 

their core, they are computer-aided tools designed to achieve energy efficiency through meticulous 

control and monitoring of power consumption. By continually overseeing energy consumption 

patterns, an EMS offers insights into where and how energy is expended within a building. This 

granular perspective empowers the system to make instantaneous adjustments, ensuring peak 

efficiency across various operations. Moreover, an EMS isn't a standalone entity; modern systems 

seamlessly integrate with renewable energy technologies. This synergy allows the EMS to adeptly 

manage and distribute energy harvested from renewable sources, adding another layer to the 

building's energy efficiency matrix (Gangolells et al., 2016; Guo et al., 2023; Mukai et al., 2015). 

Building Automation, on the other hand, is the centralized nervous system of a smart building. 

It refers to the automatic control of numerous building operations via a unified management system 

(Ahmadi-Karvigh et al., 2017). Such automation implies that every operation, from lighting to 

HVAC, can be overseen from a singular point (Gaba, 2022). This not only streamlines processes 

but ensures harmonious, synchronized performance. And there's an element of adaptivity. The best 

of today's building automation systems are no longer just reactive; they are learners. By analyzing 

data over time, they discern patterns in occupant behaviors and preferences, allowing them to 

anticipate needs and make proactive adjustments. This predictive capability, coupled with remote 

access features, puts unprecedented control in the hands of building managers and occupants alike 

(Irwin et al., 2011; Lee et al., 2012; Thomas & Cook, 2016). 

But what feeds these systems with the data they require? This is where Advanced Sensors and 

Controls come into play. These devices are the eyes and ears of a smart building. Whether it's 

temperature shifts, changes in light intensity, or room occupancy, sensors capture these nuances, 

relaying the data to the building's central management system. The richness of data they capture is 

astounding, and modern sensors are precise, ensuring reliability. The vast spectrum of sensors 

available today can monitor a gamut of parameters, from ambient conditions like humidity and 

temperature to more intricate factors like air quality. And their brilliance isn't just in data capture; 

it's in the communication. These sensors and controls are not isolated; they converse, sharing data, 

ensuring that the building's responses to changing conditions are cohesive and harmonized (Chen et 

al., 2021; Dweik et al., 2022; Rolando et al., 2022; Zhang, 2020). 

Putting it astutely, the era of smart buildings is not a distant vision of the future; it's the present. 

Through a fusion of technology and architecture, we're witnessing the rise of structures that are 

more than static entities. They are dynamic, responsive, and adaptive, optimizing energy, ensuring 

comfort, and heralding a sustainable ethos in design and functionality. As technology continues to 

march forward, one can only imagine the innovations that will further refine this domain. But one 
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thing remains certain: the age of smart buildings is here, and it's transforming how we perceive and 

interact with the very spaces we inhabit. 

 

 

4. Integration of RETs in Smart Building Design 

In today's evolving architectural landscape, the integration of Renewable Energy 

Technologies (RETs) in smart building design emerges as a non-negotiable imperative. It's a 

convergence of sustainable energy generation with the prowess of smart, responsive architecture. 

This synthesis not only addresses the pressing challenges of energy demand and environmental 

degradation but also paves the way for buildings that are self-sufficient and harmonized with their 

environment. Let's delve into the need for such an integration, the methodologies that facilitate it, 

the synergies it creates, and finally, ground this discussion in the real world through case studies. 

Understanding the need for integrating RETs in smart buildings is deeply rooted in the global 

energy and environmental context. With escalating energy demands, dwindling fossil fuel reserves, 

and the looming threat of climate change, the emphasis on sustainable, renewable energy sources is 

greater than ever (Unuigbe et al., 2022). Smart buildings, with their inherent capability to optimize 

energy usage, present a ripe platform for harnessing and deploying renewable energy (Firas et al., 

2022). This integration offers a multitude of advantages: reduced dependency on the grid, lowered 

operational costs due to decreased energy purchase, mitigation of carbon emissions, and the 

enhancement of a building's adaptability to changing energy scenarios (Li et al., 2017). Moreover, 

the harmonization of RETs and smart systems leads to an architecture that's not just sustainable but 

also resilient, capable of enduring and adapting to fluctuating environmental conditions and energy 

availabilities (Asaleye et al., 2017; Fitria & Dermawaran, 2022). 

To achieve this seamless integration, specific methodologies and processes are paramount. At 

the outset, it requires a comprehensive assessment of the building's energy profile, understanding 

peak demand times, and matching those with renewable energy generation patterns. Whether it's the 

solar intensity for photovoltaics or wind patterns for turbines, the natural energy sources must be 

mapped with the building's consumption tendencies (Guozden et al., 2020). Advanced Energy 

Management Systems, armed with predictive analytics, play a pivotal role here. They can forecast 

energy demand and adjust building operations to align with renewable energy supply (Pallonetto, 

2022). Further, the infrastructure of the building must be primed for integration. This means 

retrofitting structures with installations like solar panels, wind turbines, or energy storage solutions 

while ensuring that the building's systems can communicate effectively with these RET installations 

(Sayed et al., 2023; Xu et al., 2020). 

The synergies created by the combination of RET and smart building technologies are 

profound. One evident synergy is the dynamic balancing of energy generation and consumption. 

Smart systems, using data from sensors and external sources, can anticipate periods of high 

renewable energy generation and adjust building operations to capitalize on this supply, thus 

reducing wastage and maximizing efficiency (Fabrizio et al., 2010; Niemi et al., 2012; Rathod & 

Subramanian, 2022). Energy storage solutions, another crucial RET, when combined with smart 

technologies, can judiciously store excess energy and deploy it during periods of high demand or 

low generation (Kennedy et al., 2016). Moreover, with the integration of RETs, smart buildings can 

transition from passive energy consumers to active energy hubs, potentially feeding excess energy 

back into the grid and even trading energy in real-time energy markets (Canale et al., 2021; Zhou et 

al., 2020). 

Grounding this discussion in reality, several case studies exemplify the success and challenges 

of integrating RETs in smart building design. 

First, consider the iconic example of the 'Pearl River Tower' in Guangzhou, China. Dubbed 

as one of the most energy-efficient super-tall structures in the world, it exemplifies the integration 

of wind turbines directly into its architectural design. The building's shape funnels wind towards 

these turbines, producing energy that powers various operations within the building. Alongside, the 

tower employs solar panels, geothermal cooling, and a host of smart building technologies to 
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regulate energy consumption meticulously. The result? A skyscraper that stands as a testament to 

sustainable, smart design. However, it wasn't without challenges. Designing the building to be 

aerodynamically apt for wind energy harvesting required extensive simulations and iterations. But 

the outcomes, both in energy savings and as a blueprint for future constructions, have been 

invaluable (Tomlinson II et al., 2014). 

Another compelling case is the 'Bullitt Center' in Seattle, dubbed the 'greenest commercial 

building in the world.' This six-story structure is a beacon of renewable energy integration, with a 

massive solar panel array on its roof and rainwater harvesting systems that are methodically 

processed for potable use. The building's energy consumption is rigorously monitored and adjusted 

using smart technologies, ensuring that its operations are almost entirely powered by the energy it 

generates. Key lessons from this project underscored the importance of local regulations. Initially, 

several of the building's sustainable features, like its composting toilets and rainwater systems, faced 

regulatory hurdles. But with persistence and collaboration with local authorities, these challenges 

were overcome, setting precedents for future sustainable constructions (Peña, 2014; Porada, 2013). 

In essence, the integration of Renewable Energy Technologies in smart building design is not 

just an architectural trend; it's a necessity dictated by the times. The potential it unlocks, from energy 

efficiency to sustainability and resilience, is monumental. While challenges are inevitable, as 

exemplified by the case studies, the benefits far outweigh the hurdles. As buildings continue to 

evolve in their intelligence and adaptability, integrating renewable energy will be at the heart of this 

transformation, guiding the way towards a sustainable, harmonized architectural future. 

 

5. Challenges and Barriers in Integrating RETs in Smart Buildings 

Integration of Renewable Energy Technologies (RETs) into smart building design, while 

promising and revolutionary, doesn't come without its set of challenges. As architects, engineers, 

and policymakers push for this synthesis, they often encounter multifaceted barriers, ranging from 

technical to economic, regulatory, and even sociocultural. This section aims to elucidate these 

impediments, contextualizing them in the broader arena of sustainable architecture and offering 

insights into their origin and potential solutions. 

To commence, the technical challenges are perhaps the most immediate that professionals 

face during the integration process. RETs, by their nature, are reliant on natural resources, be it 

sunlight, wind, or geothermal heat. The intermittent and variable nature of these resources can pose 

issues for consistent energy supply. For instance, photovoltaic systems, while efficient in direct 

sunlight, might struggle on cloudy days, leading to fluctuations in energy generation. Similarly, 

wind turbines necessitate specific wind speeds to be effective. Ensuring that a building remains 

operational during periods of reduced renewable energy generation requires sophisticated energy 

storage solutions and backup systems, the development and integration of which are technically 

challenging (Addae et al., 2019; Gobbo Jr et al., 2016; Moorthy et al., 2019). 

Beyond generation, the issue of compatibility surfaces. Integrating RETs into existing 

buildings or infrastructures, which weren’t initially designed for such technologies, often requires 

significant retrofitting. This could mean structural modifications or the introduction of new 

electrical systems that can safely and efficiently handle renewable energy inputs. Moreover, the 

rapidly evolving nature of renewable technologies implies that systems can quickly become 

obsolete, necessitating frequent updates or replacements, a technical feat in itself (Ogunjuyigbe et 

al., 2020). 

The economic and financial barriers cannot be overlooked either. The initial capital outlay for 

RETs can be substantial. Even though the long-term savings, both in terms of energy costs and 

environmental benefits, are significant, the upfront investments deter many. This is particularly true 

for larger infrastructures or in regions where the cost of traditional energy remains comparatively 

low. While the prices of solar panels and wind turbines have been decreasing over the years, the 

associated costs of installation, maintenance, and potential retrofitting still pose financial 

challenges. Moreover, the economic viability often hinges on incentives, subsidies, or tax breaks, 
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the availability and consistency of which can be unpredictable (Addae et al., 2019; Chisale & Lee, 

2023; Gobbo Jr et al., 2016; Moorthy et al., 2019). 

Navigating the landscape of policy and regulatory challenges is another Herculean task. 

Regulations governing construction and energy usage are often antiquated, framed in a time before 

the rise of RETs. Adapting or overhauling these to accommodate the integration of renewable 

technologies demands proactive governmental intervention. For instance, feeding excess renewable 

energy back into the grid or participating in energy trading requires policies that recognize and 

facilitate such actions. Additionally, regulations pertaining to safety, aesthetics, or even 

environmental impact (such as the placement of wind turbines in migratory bird paths) can impede 

the deployment of RETs in smart buildings (Addae et al., 2019; Chisale & Lee, 2023; Gobbo Jr et 

al., 2016; Moorthy et al., 2019). 

Lastly, the sociocultural barriers and acceptance of this integration present challenges that are 

more intangible but equally potent. Societies often resist change, especially when it alters the skyline 

with wind turbines or covers rooftops with solar panels. Aesthetic considerations play a role here; 

not everyone appreciates the look of solar panels or the motion of wind turbines. More profoundly, 

there's a lack of widespread understanding or education about the benefits of RETs, leading to 

misconceptions or apathy towards their adoption. The transformation of buildings from mere 

shelters to active, energy-responsive entities requires a paradigm shift in how societies perceive and 

value their built environment (Fuentes-del-Burgo et al., 2021; Moorthy et al., 2019). 

To encapsulate the key points discussed, while the path to integrating Renewable Energy 

Technologies in smart building design is paved with challenges, it's a journey worth undertaking. 

Each barrier, be it technical, economic, regulatory, or sociocultural, represents not just an obstacle 

but an opportunity. An opportunity to innovate, to reformulate policies, to educate societies, and 

ultimately, to redefine the relationship between buildings and the environment. As the world steers 

towards a sustainable future, addressing these challenges head-on will be pivotal in determining the 

success and ubiquity of RET-integrated smart buildings. 

 

6. Strategies and Recommendations for Integrating RETs in Smart Buildings 

The transformative vision of merging Renewable Energy Technologies (RETs) with smart 

buildings, while laden with challenges, is not without solutions. As the architectural and energy 

sectors grapple with the complex dance of integration, certain strategies and best practices have 

surfaced, yielding promising results. Alongside, policy recommendations and innovative financial 

models play a quintessential role in smoothening this transition. Here, we'll delve into these facets, 

charting a roadmap for those looking to navigate the nuanced landscape of RET-integrated smart 

buildings. 

Starting with best practices for effective integration, it's evident that a comprehensive 

understanding of both the building's energy profile and the specificities of the chosen RETs is 

paramount. This entails detailed energy audits, assessing peak demand times, consumption patterns, 

and potential energy wastage. Having a crystal-clear energy profile aids in determining the most 

compatible RETs and optimizes the synergy between the building's demand and the renewable 

energy supply. For instance, a building in a sun-drenched locale would benefit immensely from 

photovoltaic systems, but in the absence of proper energy profiling, the building might be equipped 

with an oversized system, leading to wastage and inefficiencies. 

Beyond profiling, continuous monitoring and feedback mechanisms are essential. RETs and 

smart building systems should not operate in silos; instead, they must be in constant dialogue. 

Systems like Advanced Energy Management, equipped with machine learning capabilities, can 

continuously analyze the interplay between energy demand and supply, making real-time 

adjustments and even predicting future patterns, thus ensuring optimal usage of generated renewable 

energy. 

Collaboration is yet another best practice. The integration process is multidisciplinary, 

involving architects, energy experts, engineers, and policymakers. Creating collaborative platforms, 

be it through workshops, brainstorming sessions, or long-term partnerships, fosters innovation, 
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streamlines challenges, and often leads to bespoke solutions tailored to a building's unique 

requirements. 

Shifting the lens to policy recommendations, governments and regulatory bodies have a 

crucial role to play. Recognizing the value and necessity of integrating RETs in smart buildings is 

the first step. Policies should then be framed to facilitate, rather than hinder, this process. 

Streamlining permit processes, updating antiquated regulations that inadvertently stymie the 

adoption of RETs, and creating frameworks for energy trading are pivotal. Additionally, 

governmental agencies can establish standardized guidelines, offering a clear roadmap for architects 

and builders. This not only simplifies the integration process but also ensures that safety, 

environmental, and aesthetic standards are consistently maintained. 

Furthermore, policies can aim to bolster research and development in the realm of RETs and 

smart buildings. By channeling resources into academic and industrial research, governments can 

expedite technological advancements, drive down costs, and bring to the fore innovative solutions 

that make integration more seamless and efficient. 

When one delves into the financial models and incentives, it's evident that the economic 

machinery supporting RET integration needs a multifaceted approach. At the foundational level, 

subsidies and tax incentives can drastically reduce the initial financial burden of adopting RETs. 

These could be structured progressively, offering higher incentives for buildings that achieve greater 

energy self-sufficiency or integrate multiple RETs. 

Grants and low-interest loans, especially for larger infrastructural projects or for retrofitting 

older buildings, can make the financial landscape more conducive. But beyond direct financial 

support, innovative models like Power Purchase Agreements (PPAs) or Energy Service Companies 

(ESCOs) can be pivotal. In a PPA, a third party can finance, install, and operate a renewable energy 

system on a building's premises, selling the generated energy to the building at a predetermined rate, 

often lower than grid prices. This model mitigates the initial investment challenges and can be a 

win-win for both parties. 

ESCOs, on the other hand, take on the responsibility of achieving energy savings in a building 

by retrofitting and integrating RETs, in return for a share of the cost savings achieved. Such models 

transfer the risk from the building owner to the ESCO, encouraging the latter to ensure optimal 

performance of the integrated systems. 

Lastly, fostering a culture of public-private partnerships can be instrumental. Governments, 

with their regulatory prowess and resources, can collaborate with private enterprises, leveraging 

their agility, innovation, and capital to drive the RET integration mission forward. 

In summation, the journey of integrating Renewable Energy Technologies in smart buildings, 

while intricate, is navigable with the right strategies and support mechanisms. By amalgamating 

best practices, proactive policies, and judicious financial models, the vision of energy-efficient, self-

sufficient, and sustainable buildings can be actualized. As urban landscapes continue to burgeon, 

ensuring that this growth is symbiotic with the environment becomes a mandate, and the strategies 

elucidated here offer a beacon for this ambitious yet attainable journey. 

 

7. Conclusion 

As our exploration into the nexus of Renewable Energy Technologies (RETs) and smart 

building design culminates, certain salient takeaways crystallize. This journey, though intricate, 

underscores the imperative of reimagining our built environment, not as passive structures dotting 

our landscapes, but as dynamic entities, actively conversing with the environment and contributing 

to a sustainable energy future. 

A synthesis of our deliberations reveals that while the technical and aesthetic potential of 

RETs is monumental, it's the meticulous and informed integration into smart buildings that will 

unlock their true potential. From ensuring consistent and optimized energy supply, reducing 

wastage, and tailoring real-time adjustments to evolving energy demands, the fusion of RETs with 

state-of-the-art building systems paves the way for an architectural paradigm where efficiency, self-

sufficiency, and sustainability are not mere buzzwords but tangible realities. 
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However, as with any transformative journey, the path is laden with challenges. The technical 

intricacies of integration, the economic implications, the necessity for proactive and supportive 

regulatory frameworks, and the sociocultural acceptance of this architectural evolution all demand 

attention. But each challenge, as dissected in our discourse, also offers a vista of opportunities. 

Opportunities to innovate, to reframe policies, to ideate novel financial models, and to reshape 

societal perceptions. 

Reiterating the significance of this integration becomes paramount, especially as we stand on 

the cusp of an era where environmental considerations are not just essential but existential. Smart 

buildings, equipped with RETs, can substantially reduce carbon footprints, alleviate pressures on 

traditional energy grids, and make urban environments more resilient and adaptive. They represent 

a tangible step towards a future where human habitats coexist with nature, drawing energy not by 

depleting resources but by harnessing the inexhaustible and benign power of natural elements. 

However, this discourse, while comprehensive, is by no means conclusive. The dynamic 

nature of technology, the evolving understanding of energy management, and the ever-shifting 

architectural paradigms necessitate continuous research, exploration, and adaptation. It becomes a 

clarion call for scholars, professionals, policymakers, and societal stakeholders to further this 

research, delve deeper into uncharted territories, and most importantly, foster an ethos of 

collaboration. It is in this collaborative spirit, where diverse expertise and perspectives converge, 

that the true potential of integrating RETs in smart building design will be realized. 

In closing, as we envision urban landscapes dotted with gleaming solar panels, punctuated by 

elegant wind turbines, and powered by ingenious energy storage systems, let it not be just a vision 

of aesthetic grandeur but one of hope, resilience, and a testament to humanity's commitment to a 

harmonious coexistence with the environment. 

 

References 

Abbass, K., Qasim, M. Z., Song, H., Murshed, M., Mahmood, H., & Younis, I. (2022). A review of 

the global climate change impacts, adaptation, and sustainable mitigation 

measures. Environmental Science and Pollution Research, 29(28), 42539-42559. 

https://doi.org/10.1007/s11356-022-19718-6 

Abolarin, S. M., Shitta, M. B., Emmanuel, M. A., Nwosu, B. P., Aninyem, M. C., & Lagrange, L. 

(2022, February). An impact of solar PV specifications on module peak power and number of 

modules: A case study of a five-bedroom residential duplex. In IOP Conference Series: Earth 

and Environmental Science (Vol. 983, No. 1, p. 012056). IOP Publishing. 

https://doi.org/10.1088/1755-1315/983/1/012056 

Addae, B. A., Zhang, L., Zhou, P., & Wang, F. (2019). Analyzing barriers of Smart Energy City in 

Accra with two-step fuzzy DEMATEL. Cities, 89, 218-227. 

https://doi.org/10.1016/j.cities.2019.01.043 

Ahmadi-Karvigh, S., Ghahramani, A., Becerik-Gerber, B., & Soibelman, L. (2017). One size does 

not fit all: Understanding user preferences for building automation systems. Energy and 

Buildings, 145, 163-173. https://doi.org/10.1016/j.enbuild.2017.04.015 

Akorede, M. F. (2022). Design and performance analysis of off-grid hybrid renewable energy 

systems. In Hybrid Technologies for Power Generation (pp. 35-68). Academic Press. 

https://doi.org/10.1016/B978-0-12-823793-9.00001-2 

Alanne, K., & Sierla, S. (2022). An overview of machine learning applications for smart 

buildings. Sustainable Cities and Society, 76, 103445. 

https://doi.org/10.1016/j.scs.2021.103445 

Ali, M. M., & Al-Kodmany, K. (2012). Tall buildings and urban habitat of the 21st century: a global 

perspective. Buildings, 2(4), 384-423. https://doi.org/10.3390/buildings2040384 

Asaleye, D. A., Breen, M., & Murphy, M. D. (2017). A decision support tool for building integrated 

renewable energy microgrids connected to a smart grid. Energies, 10(11), 1765. 

https://doi.org/10.3390/en10111765 

https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1088/1755-1315/983/1/012056
https://doi.org/10.1016/j.cities.2019.01.043
https://doi.org/10.1016/j.enbuild.2017.04.015
https://doi.org/10.1016/B978-0-12-823793-9.00001-2
https://doi.org/10.1016/j.scs.2021.103445
https://doi.org/10.3390/buildings2040384
https://doi.org/10.3390/en10111765


The Journal of Engineering and Exact Sciences – jCEC 

10 

Avtar, R., Tripathi, S., Aggarwal, A. K., & Kumar, P. (2019). Population–urbanization–energy 

nexus: a review. Resources, 8(3), 136. https://doi.org/10.3390/resources8030136 

Benavente-Peces, C. (2019). On the energy efficiency in the next generation of smart buildings—

Supporting technologies and techniques. Energies, 12(22), 4399. 

https://doi.org/10.3390/en12224399 

Bhuiyan, M. A., Zhang, Q., Khare, V., Mikhaylov, A., Pinter, G., & Huang, X. (2022). Renewable 

energy consumption and economic growth nexus—a systematic literature review. Frontiers 

in environmental science, 10, 878394. https://doi.org/10.3389/fenvs.2022.878394 

Buckman, A.H., Mayfield, M., & Beck, B.M. (2014). What is a Smart Building? Smart and 

Sustainable Built Environment, 3(2), 92-109. https://doi.org/10.1108/SASBE-01-2014-0003 

Canale, L., Di Fazio, A. R., Russo, M., Frattolillo, A., & Dell’Isola, M. (2021). An overview on 

functional integration of hybrid renewable energy systems in multi-energy 

buildings. Energies, 14(4), 1078. https://doi.org/10.3390/en14041078 

Chanchangi, Y. N., Adu, F., Ghosh, A., Sundaram, S., & Mallick, T. K. (2023). Nigeria's energy 

review: Focusing on solar energy potential and penetration. Environment, Development and 

Sustainability, 25(7), 5755-5796. https://doi.org/10.1007/s10668-022-02308-4 

Chatzigeorgiou, E., & Martinopoulos, G. (2023, June). Solar cadastre for assessment of near-zero 

energy districts. In IOP Conference Series: Earth and Environmental Science (Vol. 1196, No. 

1, p. 012003). IOP Publishing. https://doi.org/10.1088/1755-1315/1196/1/012003 

Chen, M., Zhang, H., Liu, W., & Zhang, W. (2014). The global pattern of urbanization and economic 

growth: evidence from the last three decades. PloS one, 9(8), e103799. 

https://doi.org/10.1371/journal.pone.0103799 

Chen, Y. Y., Chen, M. H., Chang, C. M., Chang, F. S., & Lin, Y. H. (2021). A smart home energy 

management system using two-stage non-intrusive appliance load monitoring over fog-cloud 

analytics based on Tridium’s Niagara framework for residential demand-side 

management. Sensors, 21(8), 2883. https://doi.org/10.3390/s21082883 

Chisale, S. W., & Lee, H. S. (2023). Evaluation of barriers and solutions to renewable energy 

acceleration in Malawi, Africa, using AHP and fuzzy TOPSIS approach. Energy for 

Sustainable Development, 76, 101272. https://doi.org/10.1016/j.esd.2023.101272 

Choi, Y., Lee, C., & Song, J. (2017). Review of renewable energy technologies utilized in the oil 

and gas industry. International Journal of Renewable Energy Research, 7(2), 592-598. 

https://www.researchgate.net/publication/317949875_Review_of_renewable_energy_techno

logies_utilized_in_the_oil_and_gas_industry/link/599edfa0a6fdcc500355dc1f/download 

Crawford, M. (2022, July 7). 8 hot applications of solar thermal power. American Society of 

Mechanical Engineers. https://www.asme.org/topics-resources/content/8-hot-applications-

of-solar-thermal-power 

Dresselhaus, M. S., & Thomas, I. L. (2001). Alternative energy technologies. Nature, 414(6861), 

332-337. https://doi.org/10.1038/35104599 

Dunn, B., Kamath, H., & Tarascon, J. M. (2011). Electrical energy storage for the grid: a battery of 

choices. Science, 334(6058), 928-935. https://doi.org/10.1126/science.1212741 

Dweik, W., Abdalla, M., AlHroob, Y., AlMajali, A., Mustafa, S. A., & Abdel-Majeed, M. (2022). 

Skeleton of Implementing Voice Control for Building Automation Systems. Scientific 

Programming, 2022, 1-15. https://doi.org/10.1155/2022/6886086 

Fabrizio, E., Corrado, V., & Filippi, M. (2010). A model to design and optimize multi-energy 

systems in buildings at the design concept stage. Renewable Energy, 35(3), 644-655. 

https://doi.org/10.1016/j.renene.2009.08.012 

Farzaneh, H., Malehmirchegini, L., Bejan, A., Afolabi, T., Mulumba, A., & Daka, P. P. (2021). 

Artificial intelligence evolution in smart buildings for energy efficiency. Applied 

Sciences, 11(2), 763. https://doi.org/10.3390/app11020763 

Firas, G., Maysoleen, A. A., & Rahdi, A. R. M. (2022). Adopting smart building concept in 

historical building: Case of Abu Jaber museum, Jordan. Architecture and Engineering, 7(3), 

3-12. https://doi.org/10.23968/2500-0055-2022-7-3-03-12 

https://doi.org/10.3390/resources8030136
https://doi.org/10.3390/en12224399
https://doi.org/10.3389/fenvs.2022.878394
https://doi.org/10.1108/SASBE-01-2014-0003
https://doi.org/10.3390/en14041078
https://doi.org/10.1007/s10668-022-02308-4
https://doi.org/10.1088/1755-1315/1196/1/012003
https://doi.org/10.1371/journal.pone.0103799
https://doi.org/10.3390/s21082883
https://doi.org/10.1016/j.esd.2023.101272
https://www.researchgate.net/publication/317949875_Review_of_renewable_energy_technologies_utilized_in_the_oil_and_gas_industry/link/599edfa0a6fdcc500355dc1f/download
https://www.researchgate.net/publication/317949875_Review_of_renewable_energy_technologies_utilized_in_the_oil_and_gas_industry/link/599edfa0a6fdcc500355dc1f/download
https://www.asme.org/topics-resources/content/8-hot-applications-of-solar-thermal-power
https://www.asme.org/topics-resources/content/8-hot-applications-of-solar-thermal-power
https://doi.org/10.1038/35104599
https://doi.org/10.1126/science.1212741
https://doi.org/10.1155/2022/6886086
https://doi.org/10.1016/j.renene.2009.08.012
https://doi.org/10.3390/app11020763
https://doi.org/10.23968/2500-0055-2022-7-3-03-12


The Journal of Engineering and Exact Sciences – jCEC 

11 

Fitria, D., & Dermawaran, I. P. (2022, July). A Study on Smart Lighting Design for Sustainable 

Office Building Performance in South Tangerang. In International Webinar on Digital 

Architecture 2021 (IWEDA 2021) (pp. 2-8). Atlantis Press. 

https://doi.org/10.2991/assehr.k.220703.002 

Fuentes-del-Burgo, J., Navarro-Astor, E., Ramos, N. M., & Martins, J. P. (2021). Exploring the 

critical barriers to the implementation of renewable technologies in existing university 

buildings. Sustainability, 13(22), 12662. https://doi.org/10.3390/su132212662 

Gaba, N. (2022). Optimization of HVAC Energy usage with Building Automation and Control 

Systems in Tropical Climates: A review. https://doi.org/10.21203/rs.3.rs-2388861/v1 

Gangolells, M., Casals, M., Forcada, N., Macarulla, M., & Giretti, A. (2016). Energy performance 

assessment of an intelligent energy management system. Renewable and Sustainable Energy 

Reviews, 55, 662-667. https://doi.org/10.1016/j.rser.2015.11.006 

Gobbo Jr., J. A., de Souza, M. G. Z. N., & Gobbo, S. (2016). Barriers and challenges to smart 

buildings concepts and technologies in Brazilian social housing projects. International 

Journal of Sustainable Real Estate and Construction Economics, 1(1). 

https://doi.org/10.1504/IJSRECE.2017.10005278 

González-Torres, M., Pérez-Lombard, L., Coronel, J. F., Maestre, I. R., & Yan, D. (2022). A review 

on buildings energy information: Trends, end-uses, fuels and drivers. Energy Reports, 8, 626-

637. https://doi.org/10.1016/j.egyr.2021.11.280 

Goya, T., Uchida, K., Kinjyo, Y., Senjyu, T., Yona, A., & Funabashi, T. (2011). Coordinated control 

of energy storage system and diesel generator in isolated power system. International Journal 

of Emerging Electric Power Systems, 12(1). https://doi.org/10.2202/1553-779x.2580 

Guo, J., Liu, R., & Jing, Z. (2023, June). Design and Key Technology of Energy Management 

System Based on Wind Storage System. In Journal of Physics: Conference Series (Vol. 2527, 

No. 1, p. 012022). IOP Publishing. https://doi.org/10.1088/1742-6596/2527/1/012022 

Guozden, T., Carbajal, J. P., Bianchi, E., & Solarte, A. (2020). Optimized balance between 

electricity load and wind-solar energy production. Frontiers in Energy Research, 8, 16. 

https://doi.org/10.3389/fenrg.2020.00016 

Huseien, G. F., & Shah, K. W. (2021). A review on 5G technology for smart energy management 

and smart buildings in Singapore. Energy AI 7: 100116. 

https://doi.org/10.1016/j.egyai.2021.100116 

Irwin, D., Barker, S., Mishra, A., Shenoy, P., Wu, A., & Albrecht, J. (2011, November). Exploiting 

home automation protocols for load monitoring in smart buildings. In Proceedings of the 

Third ACM Workshop on Embedded Sensing Systems for Energy-Efficiency in Buildings (pp. 

7-12). https://doi.org/10.1145/2434020.2434023 

Li, R., Dane, G., Finck, C., & Zeiler, W. (2017). Are building users prepared for energy flexible 

buildings?—A large-scale survey in the Netherlands. Applied Energy, 203, 623-634. 

https://doi.org/10.1016/j.apenergy.2017.06.067 

Kazarian, U. (2010). Renewable Energy Technologies: A Promising Energy 

Alternative. Sustainable Development Law & Policy, 7(3), 13. 

https://digitalcommons.wcl.american.edu/cgi/viewcontent.cgi?article=1303&context=sdlp 

Kennedy, J., Ciufo, P., & Agalgaonkar, A. (2016). Voltage-based storage control for distributed 

photovoltaic generation with battery systems. Journal of Energy Storage, 8, 274-285. 

https://doi.org/10.1016/j.est.2016.10.007 

Khanzadeh, H. (2023, May 31). Smart Building Solutions in 2023: A Comprehensive Guide. 

Construction Magazine. https://neuroject.com/smart-building/ 

Kosorić, V., Lau, S. K., Tablada, A., Bieri, M., & M. Nobre, A. (2021). A Holistic Strategy for 

Successful Photovoltaic (PV) Implementation into Singapore’s Built 

Environment. Sustainability, 13(11), 6452. https://doi.org/10.3390/su13116452 

Lawrence, T. M., Boudreau, M. C., Helsen, L., Henze, G., Mohammadpour, J., Noonan, D., ... & 

Watson, R. T. (2016). Ten questions concerning integrating smart buildings into the smart 

https://doi.org/10.2991/assehr.k.220703.002
https://doi.org/10.3390/su132212662
https://doi.org/10.21203/rs.3.rs-2388861/v1
https://doi.org/10.1016/j.rser.2015.11.006
https://doi.org/10.1504/IJSRECE.2017.10005278
https://doi.org/10.1016/j.egyr.2021.11.280
https://doi.org/10.2202/1553-779x.2580
https://doi.org/10.1088/1742-6596/2527/1/012022
https://doi.org/10.3389/fenrg.2020.00016
https://doi.org/10.1016/j.egyai.2021.100116
https://doi.org/10.1145/2434020.2434023
https://doi.org/10.1016/j.apenergy.2017.06.067
https://digitalcommons.wcl.american.edu/cgi/viewcontent.cgi?article=1303&context=sdlp
https://doi.org/10.1016/j.est.2016.10.007
https://neuroject.com/smart-building/
https://doi.org/10.3390/su13116452


The Journal of Engineering and Exact Sciences – jCEC 

12 

grid. Building and Environment, 108, 273-283. 

https://doi.org/10.1016/j.buildenv.2016.08.022 

Lee, H., Jeong, Y. K., & Lee, I. W. (2012, October). A mechanism of ontology-based rule 

management for smart building energy saving service. In 2012 International Conference on 

ICT Convergence (ICTC) (pp. 737-738). IEEE. https://doi.org/10.1109/ictc.2012.6387131 

Lobaccaro, G., Lisowska, M. M., Saretta, E., Bonomo, P., & Frontini, F. (2019). A methodological 

analysis approach to assess solar energy potential at the neighborhood scale. Energies, 12(18), 

3554. https://doi.org/10.3390/en12183554 

Marzouk, M. A., & Atwa, M. (2020). Daylighting and Energy Performance of PVSDs. Scientific 

Research Journal, 8(8), 69-75. https://doi.org/10.31364/scirj/v8.i8.2020.p0820796 

Moorthy, K., Patwa, N., & Gupta, Y. (2019). Breaking barriers in deployment of renewable 

energy. Heliyon, 5(1), e01166. https://doi.org/10.1016/j.heliyon.2019.e01166 

Mukai, T., Igari, S., & Namerikawa, T. (2016). Optimal energy management for smart grid system 

considering battery characteristics. Electrical Engineering in Japan, 194(1), 18-26. 

https://doi.org/10.1002/eej.22774 

Ni, G., Li, G., Boriskina, S. V., Li, H., Yang, W., Zhang, T., & Chen, G. (2016). Steam generation 

under one sun enabled by a floating structure with thermal concentration. Nature Energy, 1(9), 

1-7. https://doi.org/10.1038/nenergy.2016.126 

Niemi, R., Mikkola, J., & Lund, P. D. (2012). Urban energy systems with smart multi-carrier energy 

networks and renewable energy generation. Renewable energy, 48, 524-536. 

https://doi.org/10.1016/j.renene.2012.05.017 

Ogunjuyigbe, A. S., Ayodele, T. R., & Ogunmuyiwa, S. M. (2020). Retrofitting existing buildings 

to reduce electrical energy consumption and greenhouse gas emission in Nigerian food and 

beverage industries. Journal of Electrical Systems and Information Technology, 7, 1-21. 

https://doi.org/10.1186/s43067-020-00018-3 

Oyedepo, S. O. (2012). Energy and sustainable development in Nigeria: the way forward. Energy, 

Sustainability and Society, 2(1), 1-17. https://doi.org/10.1186/2192-0567-2-15 

Pallonetto, F. (2022). Advanced Energy Management Systems and Demand-Side Measures for 

Buildings towards the Decarbonisation of Our Society. Affordable and Clean Energy, 173. 

https://doi.org/10.3390/books978-3-03897-777-3-6 

Pandiyan, P., Saravanan, S., Usha, K., Kannadasan, R., Alsharif, M. H., & Kim, M. K. (2023). 

Technological advancements toward smart energy management in smart cities. Energy 

Reports, 10, 648-677. https://doi.org/10.1016/j.egyr.2023.07.021 

Paravantis, J. A., & Kontoulis, N. (2020). Energy security and renewable energy: a geopolitical 

perspective. In Renewable Energy-Resources, Challenges and Applications. IntechOpen. 

https://doi.org/10.5772/intechopen.91848 

Patra, S., Sahoo, S., Mishra, P., & Mahapatra, S. C. (2018). Impacts of urbanization on land 

use/cover changes and its probable implications on local climate and groundwater 

level. Journal of urban management, 7(2), 70-84. https://doi.org/10.1016/j.jum.2018.04.006 

Peña, R. B. (2014). Living Proof, the Bullitt Center: High Performance Building, a Case Study. 

University of Washington, Center for Integrated Design. https://bullittcenter.org/wp-

content/uploads/2015/08/living-proof-bullitt-center-case-study.pdf 

Perera, F. (2018). Pollution from fossil-fuel combustion is the leading environmental threat to global 

pediatric health and equity: Solutions exist. International Journal of Environmental Research 

and Public Health, 15(1), 16. https://doi.org/10.3390/ijerph15010016 

Pérez-Lombard, L., Ortiz, J., & Pout, C. (2008). A review on buildings energy consumption 

information. Energy and buildings, 40(3), 394-398. 

https://doi.org/10.1016/j.enbuild.2007.03.007 

Porada, B. (2013, April 22). The 'World's Greenest Commercial' Building Opens in Seattle Today. 

ArchDaily. https://www.archdaily.com/363007/the-world-s-greenest-commercial-building-

opens-in-seattle-today 

https://doi.org/10.1016/j.buildenv.2016.08.022
https://doi.org/10.1109/ictc.2012.6387131
https://doi.org/10.3390/en12183554
https://doi.org/10.31364/scirj/v8.i8.2020.p0820796
https://doi.org/10.1016/j.heliyon.2019.e01166
https://doi.org/10.1002/eej.22774
https://doi.org/10.1038/nenergy.2016.126
https://doi.org/10.1016/j.renene.2012.05.017
https://doi.org/10.1186/s43067-020-00018-3
https://doi.org/10.1186/2192-0567-2-15
https://doi.org/10.3390/books978-3-03897-777-3-6
https://doi.org/10.1016/j.egyr.2023.07.021
https://doi.org/10.5772/intechopen.91848
https://doi.org/10.1016/j.jum.2018.04.006
https://bullittcenter.org/wp-content/uploads/2015/08/living-proof-bullitt-center-case-study.pdf
https://bullittcenter.org/wp-content/uploads/2015/08/living-proof-bullitt-center-case-study.pdf
https://doi.org/10.3390/ijerph15010016
https://doi.org/10.1016/j.enbuild.2007.03.007
https://www.archdaily.com/363007/the-world-s-greenest-commercial-building-opens-in-seattle-today
https://www.archdaily.com/363007/the-world-s-greenest-commercial-building-opens-in-seattle-today


The Journal of Engineering and Exact Sciences – jCEC 

13 

Probala, D., Sabolová, B., & Jeňo, M. (2016). Urban wind turbines and the possibility of their use 

in Slovakia. Acta Technologia, 2(4), 11-16. https://doi.org/10.22306/atec.v2i4.18 

Rathod, A. A., & Subramanian, B. (2022). Scrutiny of hybrid renewable energy systems for control, 

power management, optimization and sizing: Challenges and future 

possibilities. Sustainability, 14(24), 16814. https://doi.org/10.3390/su142416814 

RES4Africa Foundation. (2023, June). Africa's energy future is renewable: Its sustainable economic 

development depends on it. https://res4africa.org/wp-content/uploads/2023/06/Africas-

Energy-Future-is-Renewables-Flagship2023.pdf 

Rolando, D., Mazzotti Pallard, W., & Molinari, M. (2022). Long-Term Evaluation of Comfort, 

Indoor Air Quality and Energy Performance in Buildings: The Case of the KTH Live-In Lab 

Testbeds. Energies, 15(14), 4955. https://doi.org/10.3390/en15144955 

Sadeghian Broujeny, R., Madani, K., Chebira, A., Amarger, V., & Hurtard, L. (2020). Data-driven 

living spaces’ heating dynamics modeling in smart buildings using machine learning-based 

identification. Sensors, 20(4), 1071. https://doi.org/10.3390/s20041071 

Sayed, E. T., Olabi, A. G., Alami, A. H., Radwan, A., Mdallal, A., Rezk, A., & Abdelkareem, M. 

A. (2023). Renewable Energy and Energy Storage Systems. Energies, 16(3), 1415. 

https://doi.org/10.3390/en16031415 

Tabrizi, A. B., Whale, J., Lyons, T., & Urmee, T. (2014). Performance and safety of rooftop wind 

turbines: Use of CFD to gain insight into inflow conditions. Renewable Energy, 67, 242-251. 

https://doi.org/10.1016/j.renene.2013.11.033 

Thaler, P., & Hofmann, B. (2022). The impossible energy trinity: Energy security, sustainability, 

and sovereignty in cross-border electricity systems. Political Geography, 94, 102579. 

https://doi.org/10.1016/j.polgeo.2021.102579 

Thomas, B. L., & Cook, D. J. (2016). Activity-aware energy-efficient automation of smart 

buildings. Energies, 9(8), 624. https://doi.org/10.3390/en9080624 

Tomlinson II, R., Baker, W., Leung, L., Chien, S., & Zhu, Y. (2014). Case Study: Pearl River Tower, 

Guangzhou. International Journal on Tall Buildings and Urban Habitat, 2014 Issue II. 

CTBUH Journal. https://global.ctbuh.org/resources/papers/download/1629-case-study-pearl-

river-tower-guangzhou.pdf 

Tribunskaia, A. (2020). Requirements for distributed generation from the electricity system 

flexibility point of view. In E3S Web of Conferences (Vol. 209, p. 02030). EDP Sciences. 

https://doi.org/10.1051/e3sconf/202020902030 

Unuigbe, M., Zulu, S. L., & Johnston, D. (2022). Exploring Factors Influencing Renewable Energy 

Diffusion in Commercial Buildings in Nigeria: A Grounded Theory 

Approach. Sustainability, 14(15), 9726. https://doi.org/10.3390/su14159726 

Wilson, L., Lichinga, K. N., Kilindu, A. B., & Masse, A. A. (2021). Water utilities’ improvement: 

The need for water and energy management techniques and skills. Water Cycle, 2, 32-37. 

https://doi.org/10.1016/j.watcyc.2021.05.002 

Xu, Y., Yan, C., Liu, H., Wang, J., Yang, Z., & Jiang, Y. (2020). Smart energy systems: A critical 

review on design and operation optimization. Sustainable Cities and Society, 62, 102369. 

https://doi.org/10.1016/j.scs.2020.102369 

Yüksek, I., & Karadayi, T. T. (2017). Energy-efficient building design in the context of building 

life cycle. Energy efficient buildings, 10, 93-123. https://doi.org/10.5772/66670 

Zhang, L. (2020). A pattern-recognition-based ensemble data imputation framework for sensors 

from building energy systems. Sensors, 20(20), 5947. https://doi.org/10.3390/s20205947 

Zhou, S., Zou, F., Wu, Z., Gu, W., Hong, Q., & Booth, C. (2020). A smart community energy 

management scheme considering user dominated demand side response and P2P 

trading. International Journal of Electrical Power & Energy Systems, 114, 105378. 

https://doi.org/10.1016/j.ijepes.2019.105378 

 

 

https://doi.org/10.22306/atec.v2i4.18
https://doi.org/10.3390/su142416814
https://res4africa.org/wp-content/uploads/2023/06/Africas-Energy-Future-is-Renewables-Flagship2023.pdf
https://res4africa.org/wp-content/uploads/2023/06/Africas-Energy-Future-is-Renewables-Flagship2023.pdf
https://doi.org/10.3390/en15144955
https://doi.org/10.3390/s20041071
https://doi.org/10.3390/en16031415
https://doi.org/10.1016/j.renene.2013.11.033
https://doi.org/10.1016/j.polgeo.2021.102579
https://doi.org/10.3390/en9080624
https://global.ctbuh.org/resources/papers/download/1629-case-study-pearl-river-tower-guangzhou.pdf
https://global.ctbuh.org/resources/papers/download/1629-case-study-pearl-river-tower-guangzhou.pdf
https://doi.org/10.1051/e3sconf/202020902030
https://doi.org/10.3390/su14159726
https://doi.org/10.1016/j.watcyc.2021.05.002
https://doi.org/10.1016/j.scs.2020.102369
https://doi.org/10.5772/66670
https://doi.org/10.3390/s20205947
https://doi.org/10.1016/j.ijepes.2019.105378

