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ABSTRACT

Rural interiors often rely on solid fuels and habit-based ventilation rather than on
measured needs. Under such conditions, carbon dioxide and fine particulates rise to
levels that burden health and cognition. This chapter develops a frugal digital-twin
methodology forvillages, connecting an open-data GIS-to-BIM geometric backbone,
or an Al method where data are absent, with a calibrated mesh of low-cost indoor
sensors and a feedback layer that converts readings into timed natural-ventilation
purges, which are gated against outdoor pollution episodes. The approach begins as
a digital shadow and prays toward two-way control when budgets and governance
permit. It is anchored in accepted guidance for indoor environmental quality and
positions biophilic additions as complements to ventilation rather than substitutes
unless integrated into active botanical filters.

INTRODUCTION

Indoor air quality in rural settlements remains an overlooked aspect of environ-
mental practice, even as urban policies for ambient air quality become stricter and
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more effective technologies emerge in cities. For instance, low-cost sensor networks
integrated with building information models have been shown to be valuable in
urban settings (D’Uva & Bolognesi, 2024). However, such data-driven methods are
rare in small towns and hamlets, where rules of thumb still manage indoor environ-
ments: windows are opened based on habit or comfort rather than measured needs;
stoves and space heaters are operated according to custom and expense rather than
exposure levels. This approach inevitably leads to consequences that significantly
worsen air quality. Carbon dioxide and humidity build up in sealed rooms during
winter evenings, and particulate matter from combustion remains long after a meal
or heating cycle. Moreover, environmental factors like wind and heat inversion can
affect air quality and introduce avoidable pollution. In such contexts, understandable
and straightforward techniques connecting measurement to action are more valuable
than complex infrastructure villages cannot afford, maintain, or trust.

This chapter aims to develop a digital twin (DT) methodology that villages can
build and maintain. The method is designed to be energy-efficient and affordable
regarding capital cost. It begins with a geometric backbone created from open
data, expressed as a continuous NURBS surface with extruded building stock. It
allows the entire settlement to be visualised immediately, from the breezeways
between houses to the orientations of individual rooms. The NURBS entities are
then upgraded to BIM systems for more precise analysis and more efficient forecast
measures. The system incorporates a network of calibrated, low-cost sensors that
stream indoor carbon dioxide, temperature, humidity, and, where resources permit,
fine particulate data. It culminates in a feedback layer that converts those readings
into simple, timely actions, such as a short cross-breeze purge when the outdoor
air is clean. In selected rooms, the real-time sensor data can activate a low-torque
actuator that opens a window for a precise duration, thereby transforming a one-way
digital shadow into a two-way DT.

The argument for using a high-technology solution like DT is based on four
premises. The first is that indoor carbon dioxide levels serve as a reliable indicator
of ventilation adequacy when interpreted in relation to outdoor baselines and occu-
pancy patterns. The second is that outdoor particulate conditions fluctuate hourly and
cannot be reliably deduced from intuition alone; the environment must be analysed
before opening windows. The third is that translating measurements into action is
effective only if residents understand what they see. Additionally, local technicians
should be able to maintain the system without excessive cost and effort. A fourth
consideration involves humidity mitigation, which can reach levels that promote
mould growth and masonry deterioration, especially during winter. These premises
explain why this chapter emphasises alignment with accepted guidance on indoor
environmental quality, considers communication and governance as important as
sensors and regulations; and views the DT as a narrative thread that links territory,

360



28 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/chapter/low-cost-digital-twins-for-rural-built-
environment/394017

Related Content

Can You Feel 1t?: Effectiveness of Anxiety Cues for the Design of Virtual
Reality Exposure Therapy

Jessica Morton, Jolien De Letter, Anissa All, Tine Daeseleire, Barbara Depreeuw,
Kim Haesen, Lieven De Marezand Klaas Bombeke (2021). International Journal of
Virtual and Augmented Reality (pp. 1-17).
www.irma-international.org/article/can-you-feel-it/298983

Problem Solving in Teams in Virtual Environments Using Creative Thinking
Aditya Jayadas (2019). International Journal of Virtual and Augmented Reality (pp.
41-53).
www.irma-international.org/article/problem-solving-in-teams-in-virtual-environments-using-
creative-thinking/239897

Primary Generators: The Influence of Digital Modeling Environments in the
Creative Design Process

Luis Alfonso Mejiaand Hugo Dario Arango (2019). International Journal of Virtual and
Augmented Reality (pp. 11-22).
www.irma-international.org/article/primary-generators/239895

Social Impact of Collaborative Services to Maintain Electronic Business
Relationships

Stefan Klinkand Peter Weil3 (2011). Virtual Communities: Concepts, Methodologies,
Tools and Applications (pp. 2011-2040).

www.irma-international.org/chapter/social-impact-collaborative-services-maintain/48788

The Continued Use of a Virtual Community: An Information Adoption
Perspective

Xiao-Ling Jin, Matthew K.O. Lee, Christy M. K. Cheungand Zhongyun (Phil) Zhou
(2012). Virtual Community Participation and Motivation: Cross-Disciplinary Theories
(pp. 248-266).

www.irma-international.org/chapter/continued-use-virtual-community/66906



http://www.igi-global.com/chapter/low-cost-digital-twins-for-rural-built-environment/394017
http://www.igi-global.com/chapter/low-cost-digital-twins-for-rural-built-environment/394017
http://www.igi-global.com/chapter/low-cost-digital-twins-for-rural-built-environment/394017
http://www.irma-international.org/article/can-you-feel-it/298983
http://www.irma-international.org/article/problem-solving-in-teams-in-virtual-environments-using-creative-thinking/239897
http://www.irma-international.org/article/problem-solving-in-teams-in-virtual-environments-using-creative-thinking/239897
http://www.irma-international.org/article/primary-generators/239895
http://www.irma-international.org/chapter/social-impact-collaborative-services-maintain/48788
http://www.irma-international.org/chapter/continued-use-virtual-community/66906

