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Utilizing Biological Structures to Reduce Energy Consumption Using the
DEMATEL-ANP Model

Abstract

Problem Statement: The application of bionic science in the design of urban
spaces, in addition to enhancing visual aesthetics, leads to a reduction in energy
consumption in buildings.

Significance and Necessity of the Research: Achieving these objectives requires
the establishment of a dedicated center for research and the development of this
field within society. Such a center would facilitate a deeper understanding of
natural systems while simultaneously promoting the expansion of bionic
applications across various scientific disciplines.

Research Objective: Bionic science does not aim at mere copying or direct
imitation of nature; rather, its primary goal is the application of natural principles
and rules through accurate and systematic modeling. On the one hand, the
recognition of bionics as one of the world’s leading scientific fields, and on the
other hand, the inefficiency and lack of optimization in some human-made
constructions, have directed researchers toward learning from nature’s
experiences in different domains.

Research Methodology: In this study, to identify the relationships and determine
the priorities of the research criteria, multi-criteria decision-making models were
employed. Specifically, the DEMATEL and ANP models with a fuzzy approach
were utilized.

Findings and Conclusion: The results indicate that environmental factors are the
most influential. Among the sub-criteria, maintaining unity among elements in
relation to place and the cosmos, while allowing for diversity, has the greatest
impact. Other sub-criteria, including qualitative differentiation of spatial zones,
continuity of spatial hierarchy, adaptation from vernacular architecture, and
collectiveness, are ranked in subsequent priorities.

Keywords: Living Organisms; Energy Consumption; Residential Buildings;
Design; Bionics
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Utilizing Biological Structures to Reduce Energy Consumption Using the
DEMATEL-ANP Model

Extended Abstract

Problem Statement Rapid urbanization and the growing demand for energy have
intensified environmental challenges in contemporary cities. In this context, the
application of bionic science in the design of urban and residential spaces has
gained increasing attention as a sustainable approach. By drawing inspiration
from living organisms and natural systems, bionic design not only enhances the
visual and aesthetic quality of urban spaces but also contributes significantly to
reducing energy consumption in buildings.

Significance and Necessity of the Research Despite the global recognition of
bionics as one of the leading scientific disciplines, its practical implementation in
architecture and urban design remains limited in many regions. One of the major
obstacles is the lack of organized research and development centers dedicated to
the systematic study and dissemination of bionic principles. Establishing such
centers is essential to improve the understanding of natural systems and to expand
the application of bio-inspired approaches across various scientific and design-
related fields, ultimately supporting sustainable urban development.

Research Objectives Bionic science does not aim at the direct imitation or
replication of natural forms; rather, its primary objective is to identify, analyze,
and apply the fundamental principles, rules, and mechanisms governing nature
through accurate modeling and interpretation. Given the inefficiency and lack of
optimization observed in many human-made structures, along with the increasing
importance of sustainability, this research seeks to benefit from nature’s
experiences in order to develop more efficient and energy-conscious design
strategies.

Research Methodology This study adopts a multi-criteria decision-making
approach to analyze the factors affecting energy consumption reduction in bio-
inspired urban and architectural design. The fuzzy Decision-Making Trial and
Evaluation Laboratory (DEMATEL) method is employed to identify causal
relationships among the research criteria. Subsequently, the fuzzy Analytic
Network Process (ANP) model is applied to determine the relative priorities and
weights of the identified criteria and sub-criteria.

Findings The results of the analysis indicate that environmental factors have the
greatest influence on reducing energy consumption in buildings. Among the sub-
criteria, maintaining unity among spatial elements in relation to place and the
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cosmos—while allowing for diversity—exerts the strongest impact. Other
influential sub-criteria include qualitative differentiation of various spatial zones,
continuity of spatial hierarchy, adaptation of vernacular architectural principles,
and collective spatial organization.

Conclusion The findings of this research confirm that bio-inspired design
approaches, grounded in the principles of bionic science, can play a significant
role in reducing energy consumption in residential buildings and urban spaces. By
emphasizing environmental factors and learning from the inherent order and
efficiency of natural systems, designers and planners can develop spaces that are
both energy-efficient and environmentally responsive. The prioritization of
criteria such as unity within diversity, spatial hierarchy, and adaptation from
vernacular architecture highlights the importance of holistic and context-oriented
design strategies. Ultimately, the integration of bionic principles into urban design
can contribute to sustainable development and improved quality of life.

Practical Implications The results of this study provide practical guidelines for
architects, urban designers, and policymakers seeking to incorporate bionic
principles into the built environment. The prioritization of criteria derived from
the DEMATEL-ANP analysis can serve as a decision-support framework for
energy-efficient design. Furthermore, the establishment of specialized research
and educational centers can facilitate the transfer of bionic knowledge from theory
to practice, enabling more effective and widespread implementation.

Limitations and Future Research Although this research offers valuable insights
into the application of bionic principles for energy reduction, it is limited by the
scope of selected criteria and the methodological framework employed. Future
studies may expand the range of criteria, apply alternative multi-criteria decision-
making methods, or investigate real-world case studies to validate and refine the
proposed model. Additionally, integrating quantitative energy performance
simulations with bionic design principles could further enhance the robustness of
future research.



