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ABSTRACT
In general terms, energy efficiency and conservation appraisal aspire to deliver an insatiable energy demand with less energy within the most significant amount of conservation and environmental benefits at the lowest possible price. Sustainable planning and design rely on a series of
multi-disciplines: technical, technological, social, political, environmental, ecological, economic,
institutional, and global restrictions that abstruse viable decision-making. Recent reports indicate
that the residential building sector consumes 40% of the total energy and emits 30% of greenhouse gas (GHGs) worldwide. Thus accordingly, energy consumption in buildings is estimated at
one-third of total primary energy resources. Therefore, proper modeling and optimization of a
sustainable building in terms of energy efficiency and saving become a matter of focus. This paper
explores an emerging picture of influential factors in the context of hands-on roadmap for energyefficient and smart city planners, practitioners, scholars, and researchers. This study reviews the
main points and proposes a framework in detail in the upcoming studies. Meanwhile, another
objective of this paper was to introduce the most crucial indicators of energy-efficient building
planning, design, and optimization to draw an exhaustive roadmap in compliance with resiliency,
sustainability, and efficiency criteria throughout the lifecycle of a sustainable building.
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1. Introduction
Energy as an indispensable factor for socio-economic development has remained an interesting topic for many researchers around the globe. An increasing day by day energy demand in the world pursues scholars and researchers to pave the way for positive change and innovative options. Meanwhile, increasing demand for energy intimidates the globe for an uncontrollable situation for a long
period, which unbelievably will affect routine life [1].
Globe development trends knotting with greenhouse
gases emissions and environmental constraints. Among
energy utilities in a smart city, buildings consume a significant amount of energy that can be different based on energy consumption culture from country to country. According to reports [2–5], buildings consume 40% of the total energy and emit 30% of greenhouse gas (GHGs) worldwide. Ecumenically, attention is paid to switching to renewable energy sources and considering the sustainability dimensions from technical and technological innovation to climate change mitigation, cost reduction, and fossil fuel independence [6].

competitive structure in the 21st century and requires
balancing economic growth and preserving the natural
environment [7]. While, this shifting is due to new technologies directly undergoing technical, technological, economic, social, environmental, institutional, and political
impacts within the territories around the globe. Power
systems normal operation avoiding potential risk of blackout is part of sustainability measures. However, power
systems are associated with possible blackouts, which can
be occurred even in any system, e.g., Tokyo blackout on
July 23, 1987; Amalgamated Kingdom, Sweden, Canada,
Denmark, Italy, and the Cumulated States blackouts in
2003 [8]. Economic and competitive electricity markets
push the utilities to operate power systems with maximum generation capacity close to the collapse point, leading to high risks of failure and blackouts [9]. Therefore,
sustainable operation recommends a broader perspective, balancing technical, technological, economic, environmental, institutional, social appraisals for optimum
benefits for long-run sustainability [10].

Prabha Kunder [7], besides the requirement and challenges of sustainability of an electric power system,
pointed out the role of new technology. The author claims
that the energy industry shifts from a monopolistic to a

For the European case, the green mortgage is proposed
that fund on energy efficiency, means lower energy bills
and higher property value [11]. For achieving the ambition binding legislation related to energy efficiency,
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different stakeholders are involved in minimizing risks
and ensuring mutual trust among investors, granters,
guarantors, and beneficiaries (homeowners) [11,12]. This
target for Europe is predicted from 27% to 30% stimulates savings and 40% within the same time frame by millions of extra residential and business buildings renovation by 2030 [11].

and future projection margin (planning). Economic efficiency measures are taking to meet efficiency targets, tiers
categorizing technical, economic, realizable, and realistic
efficiency potentials are essential [19]. In an overall outlook, renewable energy deployment and management encountered subtle barriers in terms of [22]:
−

However, a large and growing body of literature has emphasized improving building energy efficiency within constrained greenhouse gas emissions. The second pillar of a
sustainable building (cost-effectiveness of an energy system by management and business practices) that directly
influences the sustainability pentagon remains limited
and just briefly pointed out in the literature. In comparison, it is noteworthily covered in this study in a systematic
approaches’ manner.

Economic efficiency of renewable energy systems

−

Politics and legal issues

−

Investment and financing

−

International trade and marketing

−

Standardization and interoperability

In an emerging consensus among practitioners and
scholars [13,14] in the 21th-century, energy industry
challenges concerning efficiency and conservation are
listed as follows:
−

Produce, transmit and utilize energy in an environmentally friendly manner;

−

Reduce overall costs by enhancement of generation
and operation efficiencies; and

−

Diminish overall costs by the smooth implementation
of management and business practices.

However, feasible solutions cannot be suggested unless all
aspects of energy efficiency and conservation (codes and
standards [15]) are thoroughly analyzed. The analysis
process involves a thorough profound investigation of the
various factors (technical, economic, social, environmental, and institutional). Some causes of these factors that
can play an important part in optimizing building sustainability are explained, followed by effects exertion of these
causes.
2. Energy efficiency and conservation
Energy conservation concerns reducing energy consumption that causes conservation in resource and cost and
boasts climate change combat. This endeavor can be
erected by habitual action of turning off additional lights
and using energy-efficient appliances to elaborate sectorial energy conservation plans (manufacturer, building,
agriculture, etc. sectors) [16–18].
In principle, energy efficiency is the amount of useful
output generated from using one unit of energy input,
measured by various indicators [19] that can be improved
by energy conservation phenomenon. Eventually, efficiency came to attention by the end of the 19th century,
along with global industrialization and commercial generation and trade of energy [20].
Apart from technical efficiency (supply, demand, and
operation efficiencies), authors in [21] discussed the urgency of economic efficiency align with marginal safety
J Sustain Energy Rev 2021, 2 (1): 1-5

3. Building sustainability
A sustainable building in a smart city pursues five pillars
of sustainability within three main principles [1,23].
These pillars introduce technical, economic, environmental, social, and institutional sustainability that comprise
many components and processes to attain sustainability
goals [22]. Thus, sustainable planning and design rely on
a series of multi-disciplines: technical, technological, social, political, environmental, ecological, economic, institutional, and global restrictions that abstruse viable decision-making [24].
According to the literature, the most important criteria
to attain sustainability goals are accessibility, affordability, disparity, safety, use efﬁciency, supply and production
efﬁciency, cost-effectiveness, and environmental impacts
on air, water, and soil quality [20]. For example, authors in
[1] listed the main factors linked to building sustainability
as: “health and hygiene, indoor air quality, noise and
acoustics, environment, safety, controllability, serviceability, adaptability, living quality, energy efficiency, use of renewable energy technologies, water conservation, automation, reuse options, waste management, cultural character, building economics, security, and nature and heritage conservation.” Whereas 97% of cities with more than
100,000 inhabitants in low and middle-income countries
suffering from low-quality air that contribute to different
diseases [25].
The latest literature [26–29] sorted the main challenges
of sustainable building planning and implementation:
multifaceted design, affordability, marketability, appropriate-competitive design, resource efficiency, energy efficiency, durability, comfort, and healthy lifestyle.
An overall picture of building energy cost resulting from
various segments of design, implementation, and operation is lifecycle cost from an economic perspective [30].
From code and standard point views, establishing the
minimum level of energy efficiency for new buildings and
renovations to existing buildings must demonstrate 18%
and 14% improvement, respectively. These figures can be
varied depending on the methods and types of codes and
standards [31,32]. In brief, this study addresses a better
assessment of barriers to adopting energy-efficient
www.repa.jp/journals/jser
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measures in the buildings within a structured approach in
identifying and providing solutions to these barriers.
More specifically:
−

What are the most typical barriers to adopting energy-efficient measures in buildings, considering
buildings characteristics, age, and so on?

−

How to classify these barriers to manage and address
them easily?

−

Which research studies and industry practices are exposed so far to the identified challenges to utilize
these lessons learned?

−

How to unify, and order these challenges into a structured framework for better modeling and solutions?

4. Findings and future work
However, the literature covers a wide range of different
approaches to analyzing a sustainable building; this study
put forward building sustainability appraisal through
lifecycle and value chain analyses, which is concerned
with the primary objective of efficiencies, conservation,
and sustainability. Value chain management concerning a
smart city energy infrastructure can provide multilateral
national and regional aspirations to enable a sustainablesmart energy city. However, the standard process presents a typical model that can be different from case to
case. The thesis line of smart city, energy efficiency and
conservation types of available and projected potentials is
a compulsory part of this model.
In the context of an existing building, an integration process can examine modeling options with various feasible
changes; remodeling results show improvement in building design, energy-saving, alternative energy source integration possibility, and reducing in capital and operation
cost of energy.
Since renewable energy and efficiency are the hope for
the future of energy transition, overall recommendation
authors in [33] listed important points as energy policy
and regulation reform, well-governance of resources and
technologies, ingenious investment, research development, and being along with time to be considered. Also,
this study sums up with six phases for green building planning and design, such as developing a business model,
planning the project, interpreting the scopes and making
viable, conceiving and managing constraints, shaping the
project smoothly, and successfully handing over the project [33]. For proper planning and design, identification
and development of indicators are known exigence. Indicators are frequently used in quantitative and qualitative
measures to evaluate the current status and provide future outlook with specific targets [34,35].
5. Conclusion
A great deal of sustainable building modeling through optimized efficiency and energy conservation involves understanding and suggesting viable solutions to real-world
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challenges. The proposed concept of value chain management and lifecycle analysis in terms of smart cities appraisal delivers a systematic process to explore all influential factors exhaustively to the city energy system. This
tool assembles challenges in a hierarchy of uncertainties
within a viable risk plan priorities from initiation to operation phases. That contributes to planners and operators
having a solid understanding of the system for current and
future endeavors. Also, the value chain analysis facilitates
the proper identification of tools and techniques to fit the
optimization objectives. This study adds implication value
for future practice as multilateral planning and design reference for students, researchers, scholars, and practitioners in the context of sustainable building and smart cities.
The authors will keep continuing to complete the proposed framework with a detailed procedures paradigm
within management, engineering, and business domains
in a synergistic manner in the future.
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