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Abstract —

Deconstruction for resource recovery offers a
sustainable alternative to traditional demolition
practices. However, deconstruction remains labor-
intensive and time-consuming compared to
demolition of buildings. This study proposes a novel
framework that integrates Building Information
Modeling (BIM) with robotic systems to automate the
recovery of building components. The BIM file is
converted into a robot simulation environment,
enabling precise disassembly planning by providing
location and size information of recoverable resources.
A case study on a BIM model of an exposed interior
residential wall assembly unit demonstrates the
methodology’s effectiveness in automating resource
recovery of end-of-life building components. The
results validate the potential of the proposed
framework to reduce manual labor and contribute to
the circular economy of the building construction
sector.
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1 Introduction

The building construction sector plays a critical role
in contributing to climate change. According to the
United Nations Environment Programme (UNEP), the
sector is responsible for approximately 37% of global
energy-related carbon emissions [1]. Mitigating
emissions within the construction supply chain requires
transitioning from a linear economy to a circular
economy. A circular economy in building construction
emphasizes increasing reuse, recycle, reclaim of
resources, thereby minimizing waste and resource
production throughout the supply chain (Fig. 1).

Resource recovery from buildings at the end-of-life
stage has garnered attention as a strategy to reduce the

130

environmental impact of the building sector. As of 2022,
the production of construction materials alone
contributed 10% of global energy and process carbon
emissions [2]. Additionally, the United States
Environmental Protection Agency (EPA) reported that
demolition activities in 2018 generated over 500 million
tons of landfill debris in the U.S. [3]. By recovering
resources through reuse, recycling, and reclamation, the
volume of waste directed to landfills and the need for
virgin materials can be markedly reduced.

Despite its environmental benefits, the deconstruction
of buildings for resource recovery tends to be labor-
intensive and time-consuming, requiring up to ten times
longer processes compared to traditional demolition
methods [4]. Improving the efficiency of resource
recovery through automation offers a promising pathway
to enhance the feasibility of a deconstruction process.

This study proposes a framework for planning
automated resource recovery from end-of-life building
assemblies using robotic systems. The approach
leverages Building Information Modeling (BIM)
enriched with resource information for each component.
BIM files are converted into a simulation environment
while retaining the resource information. This
information is then used to plan robotic disassembly
operations which can also be applied to physical world
environments.
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Fig. 1. Circular economy of building construction
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2 Literature Review

Efforts to deconstruct buildings and effectively
retrieve reusable resources have been widely studied.
These approaches can generally be categorized into two
main approaches: deconstruction planning up front
during the design phase and planning once a building has
reached its end-of-life phase.

Deconstruction planning during the design phase is
commonly referred to as Design for Deconstruction
(DfD). DfD involves incorporating strategies during the
early design stages to simplify future resource recovery.
These strategies include measures such as using bolted
connections instead of adhesives [5], avoiding the use of
toxic materials [6], and designing for offsite construction
[7], among others. The primary goal of DfD is to
streamline deconstruction efforts while minimizing the
labor, cost, and environmental impact of the process.

Notable advancements in this field include the
integration of BIM to simulate environmental and cost
impacts throughout a building’s lifecycle, enabling the
optimization of designs to minimize these effects. For
example, studies have developed BIM-integrated
frameworks that enhance construction material
management in the early design phase [8, 9]. These
frameworks facilitate informed material selection and
improve interoperability, ultimately supporting more
efficient deconstruction and resource reuse planning at a
building’s end-of-life.

However, most modern buildings are not designed
with deconstruction in mind [6]. Consequently,
deconstruction planning often defers until the building
reaches its end-of-life stage. In such cases, BIM serves as
a critical tool for assessing a building’s condition,
resource properties, and reuse potential. Mollaei et al. [10]
demonstrated the use of BIM’s quantity take-off tools to
extract material quantities and connection configurations.
This data was then integrated into a multi-objective
optimization model to evaluate various deconstruction
strategies for different materials. Similarly, Sanchez et al.
[11] proposed a semi-automated approach for selective
deconstruction programming using BIM. Their approach
optimized the deconstruction and reuse strategies by
incorporating cost and environmental impact analysis.

While existing methods use BIM for deconstruction
planning in the design phase or at the end-of-life stage,

131

they often rely on manual processes that are labor-
intensive and time-consuming. To improve the efficiency
and scalability of deconstruction, researchers have
explored the integration of automation and robotic
systems. For instance, Lee and Brell-Cokcan [12]
proposed a Human-in-the-Loop framework in which an
operator defines high-level objectives, allowing robotic
systems to execute deconstruction tasks with greater
precision and efficiency.

However, deconstruction planning tailored for
robotic systems remains largely unexplored. This study
addresses this gap by introducing a novel approach that
bridges BIM-based deconstruction planning with robotic
execution. This method enables practitioners to directly
extract information from a BIM model to plan and
execute robotic resource recovery commands, enhancing
efficiency in the deconstruction process.

3 Methodology

The proposed methodology involves converting a
conventional BIM file (e.g., an Autodesk Revit file) into
a Universal Scene Description (USD) format, which is
compatible with robotic simulation environments (e.g.,
specifically Isaac SIM [13]). A USD file retains the
resource information and hierarchy of the components,
enabling the identification of recoverable resources in the
simulation. This information is then used as input for
robotic disassembly planning. Fig. 2 shows the proposed
framework for robotic disassembly. Details of each step
are explained in the following sections.

3.1 Converting BIM to USD

The BIM file containing information about the target
structure is converted into a USD file. USD is a 3D scene
representation file format designed to support complex
3D workflows including robotic simulations. This
conversion is facilitated by the Nvidia Omniverse Revit
Connector [14], which ensures that all subcategory
information from the BIM file is preserved during the
transition to the simulation environment. The resulting
USD file retains critical resource specifications and
hierarchical structural data necessary for accurate robotic
simulations.
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The converted USD file is structured with elements
defined as prims (short for primitives). A prim serves as
a container for various attributes within any component
in the USD scene, such as cameras, lights, objects, or
robots. These prims are organized in a hierarchical
structure, including the location and size information of
specific components in their subcategories. Each object
prim contains transformation coordinates and extent
values. The transformation coordinate corresponds to the
center of the component and the extent values define the
min/max coordinates of the bounding box enclosing the
component (Fig. 3).

@ Translate point

@ Max extent point

min extent point

Fig. 3. Visualized example of component information in
aprim

To plan and execute robotic disassembly, OmniGraph
is used within the Isaac SIM environment. OmniGraph is
a visual scripting language that enables dynamic control
of robots [15]. It operates by connecting nodes, which
perform specific tasks and contain input, output, and state
attributes. These nodes are linked through connections,
forming a network that controls robotic behaviors and
interactions in the simulation. Action Graphs, a type of
OmniGraph, define the execution of specific tasks,
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translated into ROS2 commands for physical world
implementation. Isaac ROS2 nodes within the action
graph enable the publishing of ROS2 messages, allowing
the simulated actions to be executed by physical robots
in real-world experiments.

4  Experiments

To demonstrate how the BIM-to-USD conversion
process can support robotic disassembly planning, a
small-scale experiment was conducted using an exposed
interior residential wall assembly unit (Fig. 4(a)). The
BIM file for the wall assembly unit was developed with
an approximate Level of Detail (LoD) 300, providing
detailed information about each component’s size, shape,
and location. The BIM file was then converted into a
USD format and imported into Isaac SIM [13], a robotic
simulation platform (Fig. 4(b)). A Franka FR3 [16] robot
manipulator was incorporated into the simulation,
mounted on a static platform to enhance its reachability
during the disassembly process.
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Fig. 4. Wall assembly unit: (a) LoD 300 BIM file and
(b) USD file imported into Isaac SIM
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Table 1. Recoverable resource attributes in wall assembly

Name Mesh Extent [min, max] Translate Material
. [(-1.905,-1.905,-14.943), .
Pipes 302099 / (1.905.1,905,14.943)] (1213.926,252.986,38.882) Plastic
Pipe Fittings [(-6.826,-6.826,-3.532),
302081 _y (6.826 3.532,3.532)] (1236.335,252.930,105.643) PVC
g
Electrical 1
. c [(-2.699,-5.080,-4.763),
I;g(;l;ge; ; 4 (2.699,5.080,5.414¢")] (1233.557,141.838,33.020) Steel

For this experiment, the primary objective was to
utilize the resource information from the BIM model to
demonstrate automated identification and recovery of
reusable components. Table 1 shows an example of
specific resources within the given wall assembly unit.
As depicted in Fig. 3, the translate point indicates the
center point of an object.

The disassembly task was executed using a
combination of five OmniGraph action graph nodes (Fig.
5). The ‘Pick and Place controller’ node received inputs
of the robot manipulator’s joint movements, a target
resource translate point, and a predefined placing point
from the other four nodes. This combined algorithm
enabled the robot manipulator to accurately pick up the
center point of an identified resource and place it in a
specified location.

On Playback Tick

Fig. 5. OmniGraph node combination for resource pick
and place task

The node combination automatically leverages the
detailed positional data to perform precise disassembly
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operations (Fig. 6). The results show the potential of the
proposed methodology in advancing resource recovery of
end-of-life building components with a robotic system.

5 Conclusions

This study presents a new framework for automated
resource recovery using a robotic system, addressing key
challenges associated with deconstruction in the building
construction sector. The methodology integrates BIM
with robotic simulation tools by converting BIM files
into USD format. The enriched data from the BIM model
enables the detailed identification and retrieval of
recoverable resources through robotic disassembly
planning. A small-scale experiment demonstrates the
potential of the approach, outlining the capability to
utilize precise size and location information of
components to retrieve target resources in the wall
assembly unit. The results underscore how BIM-to-USD
data conversion can directly support the potential of
robotic systems as advanced disassembly tools. The
proposed framework enhances the efficiency and
feasibility of resource recovery and contribute to a more
sustainable construction industry.

5.1 Discussion

While the RosBridge nodes of OmniGraph facilitate
the conversion of simulated action graphs into ROS2
commands, significant challenges persist in replicating
the simulation to physical world applications. A critical
issue lies in the precise registration of simulated
environments with their physical world counterparts.
Addressing this challenge requires advanced machine
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Fig. 6. Results of the robotic disassembly task: (a) picking the target object’s translate point, and (b) placing the
object at a specified point

vision systems capable of detecting fiducial markers (e.g.,
AprilTag [17] and QR code) or physical features of the
building components to accurately align the simulation
and physical world environments.

Future research should focus on determining the
specific types and formats of building data that should be
incorporated into BIM models to optimize robotic
deconstruction  processes.  Accurate  information
modeling within BIM is essential for ensuring a seamless
conversion to USD format using the Nvidia Omniverse
Revit Connector. For example, it is critical to include
compatible and detailed information identifying
resources that are suitable and intended for robotic
disassembly. Enhancing the fidelity of BIM-to-USD
conversions should also be prioritized to ensure the
accurate and comprehensive transfer of data into robotic
simulation environments.

The current case study is limited to a small wall
assembly unit in a simulation environment. Scaling this
approach to larger, real-world applications will require
addressing the complexities of diverse building materials
with varying conditions. Unlike controlled simulation
environments where material properties are predefined,
physical structures comprise materials having different
structural integrity, attachment types, and degradation
levels. Developing adaptive robotic manipulation
techniques capable of dynamically recognizing and
adjusting disassembly strategies based on these variables
is essential for maintaining efficiency. Furthermore,
expanding the versatility of robotic systems is critical for
addressing practical constraints (e.g., robot torque, reach,
payload, and spatial  maneuverability)  [18].
Advancements that overcome these limitations will
significantly enhance the effectiveness of the proposed
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framework.

Acknowledgments

The authors would like to acknowledge the financial
support from the U.S. Department of Housing and Urban
Development (HUD). The findings and conclusions in
this manuscript are those of the authors and do not
necessarily represent the official position or views of the
U.S. Department of Housing and Urban Development.

References

[1] A.Dyson, N. Keena, M. Lokko, B. K. Reck, and C.
Ciardullo, “Building Materials and the Climate:
Constructing a New Future,” United Nations
Environment Programme, 2023.

[2] Global Alliance for Buildings and Construction
(GlobalABC), 2023 Global Status Report for
Buildings and Construction: Beyond foundations -
Mainstreaming sustainable solutions to cut
emissions from the buildings sector. United Nations
Environment Programme, 2024, doi:
10.59117/20.500.11822/45095.

[3] U.S. Environmental Protection Agency (EPA),
“Advancing Sustainable Materials Management:
2018 Fact Sheet Assessing Trends in Materials
Generation and Management in the United States,”
2020. Accessed: Nov. 27, 2024. [Online]. Available:
https://www.epa.gov/facts-and-figures-about-
materials-waste-and-recycling/advancing-
sustainable-materials-management

[4] A. R. Chini and S. F. Bruening, “Deconstruction
and Materials Reuse in the United States,” in The



[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

42nd International Symposium on Automation and Robotics in Construction (ISARC 2025)

future of sustainable construction 14, Oct. 2003, pp.
1-22. [Online]. Available:
https://www.researchgate.net/publication/2287592
50

A. Akbarnezhad, K. C. G. Ong, and L. R. Chandra,
“Economic and environmental assessment of
deconstruction  strategies  using building
information modeling,” Autom Constr, vol. 37, pp.
131-144, Jan. 2014, doi:
10.1016/j.autcon.2013.10.017.

B. Guy, S. Shell, and H. Esherick, “Design for
Deconstruction and Materials Reuse,” in
Proceedings of the CIB Task Group 39.4, 2006, pp.
189-2009.

M. Hussein, A. E. E. Eltoukhy, A. Karam, I. A.
Shaban, and T. Zayed, “Modelling in off-site
construction supply chain management: A review
and future directions for sustainable modular
integrated construction,” J Clean Prod, vol. 310, p.
127503, Aug. 2021, doi:
10.1016/j.jclepro.2021.127503.

S. Sivashanmugam, S. Rodriguez Trejo, and F.
Rahimian, “BIM-integrated semantic framework
for construction waste quantification and
optimisation,” Autom Constr, vol. 168, p. 105842,
Dec. 2024, doi: 10.1016/j.autcon.2024.105842.

0. O. Akinade et al., “Waste minimisation through
deconstruction: A BIM based Deconstructability
Assessment Score (BIM-DAS),” Resour Conserv
Recycl, vol. 105, pp. 167-176, Dec. 2015, doi:
10.1016/j.resconrec.2015.10.018.

A. Mollaei et al., “* A global perspective on building
material recovery incorporating the impact of
regional factors,”” J Clean Prod, vol. 429, p.

139525, Dec. 2023, doi:
10.1016/j.jclepro.2023.139525.
B. Sanchez, C. Rausch, and C. Haas,

“‘Deconstruction programming for adaptive reuse
of buildings,”” Autom Constr, vol. 107, p. 102921,
Nov. 2019, doi: 10.1016/j.autcon.2019.102921.
H.J. Lee and S. Brell-Cokcan, “Towards controlled
semi-autonomous deconstruction,” Construction
Robotics, vol. 7, no. 3-4, pp. 253-263, Dec. 2023,
doi: 10.1007/s41693-023-00111-9.

NVIDIA, “Isaac SIM.” Accessed: Dec. 02, 2024.
[Online]. Available:
https://developer.nvidia.com/isaac/sim

NVIDIA, “Omniverse Revit Connector.” Accessed:
Dec. 02, 2024. [Online]. Available:
https://docs.omniverse.nvidia.com/connect/latest/r
evit.html

NVIDIA, “Core Concepts.” Accessed: Dec. 22,
2024. [Onling]. Available:
https://docs.omniverse.nvidia.com/kit/docs/omni.g
raph.docs/latest/CoreConcepts.html

135

[16]

[17]

[18]

FRANKA ROBOTICS, “FRANKA RESEARCH
3.” Accessed: Dec. 22, 2024. [Online]. Available:
https://franka.de/products

E. Olson, “AprilTag: A robust and flexible visual
fiducial system,” in 2011 IEEE International
Conference on Robotics and Automation, IEEE,
May 2011, pp. 3400-3407. doi:
10.1109/ICRA.2011.5979561.

C. Rausch, S. Suh, N. Repousis, N. Titterington,
and H. Nguyen, “Assessing the Viability of Robotic
Disassembly of Building Components for Resource
Recovery,” Jun. 2024. doi:
10.22260/ISARC2024/0136.



