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Optimizing the environmental impact of buildings is a major issue in the construction
sector. The combination of Building Information Modelling BIM tools and building life
cycle assessment (LCA) tools presents a range of potential solutions for optimizing
environmental impacts from the architectural design phase onwards. These tools enable
architects to significantly reduce the environmental impacts of their designs without
requiring extensive expertise in LCA. By integrating building LCA tools such as One
Click LCA with BIM tools, designers can assess and minimize carbon emissions
throughout the development stages of the building. This integration facilitates calculation
and optimization through manual adjustments or by means of algorithms. Despite
ongoing improvements in building lifecycle analysis tools, significant concerns persist,
namely data management and time required for completion. This article presents a
practical approach to reducing the embodied energy of materials in a residential house
by combining Autodesk Revit, Dynamo, One Click LCA, and Python. By exploiting the
capabilities of the Revit API and the Life Cycle Assessment (LCA) results provided by One
Click LCA, an interactive method is proposed for identifying, selecting, and applying the
least energy-intensive materials in a BIM model. The research is structured in four main
parts: firstly, data is extracted from Revit and then analyzed for environmental impacts
using One Click LCA; secondly, alternative materials are exported and interpreted using
Python; thirdly, the model is updated with the optimized materials; and finally, the results

are re-analyzed via One Click LCA and evaluated before and after optimization. The
employment of this methodology facilitates digital and automated integration, thereby
enabling the achievement of sustainable projects.
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INTRODUCTION

According to The 2018 Global Status Report-
Towards a Zero-Emission, Efficient, and Resilient
Buildings and Construction Sector by the UN
Environment Program, the building sector, while
being a major driver of the global economy,
accounts for 38% of total energy-related CO,
emissions and 35% of final energy consumption

(UN Environment 2018). From the extraction of
raw materials to demolition, buildings have
significant environmental impacts throughout
their lifecycle, leading to resource depletion,
pollution, habitat destruction, and contributing to
greenhouse gas emissions, ozone layer depletion,
and acidification.
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Key building elements that play a crucial role
in environmental issues include electricity
consumption, ventilation, air conditioning, water
usage, materials used for interior surfaces, and
heating. These environmental concerns are
influenced by various design variables such as the
building's aspect ratio, number of floors, window-
to-wall ratio, and types of materials (Zhou et al.
2023). To mitigate these environmental impacts,
the implementation of environmental
management systems, environmental impact
assessments, and sustainable construction
practices such as green building initiatives is
recommended (Kaja and Goyal 2023).

Additionally, enforcing environmental
regulations, increasing public sector involvement
in promoting sustainable practices, and raising
awareness among stakeholders are essential for
addressing the environmental challenges of the
construction industry (Abdullah et al. 2021).
Recent research has focused on parametric and
augmented parametric optimization to integrate
simulation early in  design, improving
performance and reducing buildings'
environmental impact (Martin Kaftan et al., 2014).
BIM tools have been developed to quantify and
analyze the embodied environmental impact of
building materials (Chalapathi et al. 2023) during
the design process, allowing for real-time
assessment (oneclicklca.com, 2025.000Z) and
iteration (Bates et al, 2013). The technical
integration of LCA tools into BIM models is mostly
characterized by manual or semi-automated data
exchange, typically carried out through integrated
plugins or exported 3D models (Potr¢ Obrecht et
al. 2020; Dharmarathna et al. 2024). A review of
LCA tools emphasized LCA as a comprehensive
method for assessing and reducing buildings'
environmental impact across their lifecycle
(Tabrizi and Brambilla 2019; Nguyen and Pishdad-
Bozorgi 2023).

Hollberg and Ruth (2016) introduced a
parametric LCA approach using Grasshopper3D
integrated with Rhinoceros, enabling architects to
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efficiently reduce environmental impact during
the design phase. Kiss and Szalay (2020)
developed a modular framework combining LCA
with multi-objective optimization, achieving 60-
80% environmental savings. These studies
emphasize the importance of considering both
embodied and operational impacts (Kiss and
Szalay 2020) and highlight the potential of
optimization techniques and data mining in
reducing buildings' environmental footprint at
various scales, from individual structures to
regional levels.

Despite growing interest in sustainable
design, current BIM-LCA integration workflows
remain fragmented, relying on static exports that
disrupt continuity and result in time-consuming,
inefficient processes. Researches aimed at
developing more effective solutions that
incorporate multiple parameters to automate the
LCA process while minimizing costs and saving
time present a promising avenue for helping
designers reduce the environmental impact of
their projects. Our study introduces a practical
approach to reducing the embodied energy of
materials in a project through a parametric
optimization of the environmental impacts of the
3D architectural model.

RESEARCH OBJECTIVE AND
METHODOLOGY

The objective of this research is to develop an
approach to assess and minimize carbon
emissions throughout architectural design phase
using a parametric optimization method for the
environmental impacts of the 3D architectural
model. The expected results aim to guide
designers by providing a process that automates
and optimizes the environmental impact of their
3D architectural models by reducing the
embodied energy of materials.

The research methodology is based on
integrating the One Click LCA tool with Python in
BIM software to reduce the embodied energy of
materials in our 3D architectural model, while



Figure 1
3D study model

simultaneously addressing issues related to data
management and time inefficiencies. The
proposed method involves integrating One Click
LCA as an add-in within Revit to facilitate the
extraction of data from our model, which will then
be used for the building's life cycle analysis. The
extracted data at this stage includes attributes
such as family, type, category, material, class,
surface area, volume, cost per unit, mappings, and
comments related to each element. The concept
behind this approach is to establish a parametric
link between the Revit 3D model, One Click LCA,
Excel, Dynamo, and Python to conduct the LCA
and optimize the 3D model. This link is created by
leveraging the import and export capabilities of
these software tools and using a Python script
connected to Dynamo to interpret and
dynamically relate the exported and optimized
data.

The methodology is structured so that once
the 3D model is designed, data are extracted via
One Click LCA plugin and exported to One Click
LCA’s online calculation database. These data are
also exported from One Click LCA into an Excel
file, labeled as "pre-optimization data." After
exporting this data to One Click LCA online
calculation database, it is supplemented with
additional information such as the Gross Internal
Floor Area (IPMS/RIC, ASHRAE), the project's
baseline strategy, the design envelope, the
proposed design description, optimization
decisions, and calculation period. These inputs are
used in the life cycle assessment process to
achieve LEED certification in our case, as well as

other international certifications available in the
database. Once the LCA is performed, sustainable
alternative materials suitable for the project's
location and neighboring countries are exported
and saved in an Excel file. This data is then
interpreted, correlated with initial dataset, and
used to create optimized materials in Revit using
Dynamo scripts linked to Python. These newly
optimized materials are subsequently applied to
the corresponding elements in Revit. Finally, a
verification analysis is conducted again in the One
Click LCA online database to ensure the reliability
of the optimization approach.

RESEARCH ACTIVITIES

The optimization approach presented in our
research was applied to two case studies. The first
case is a private two-story residential house, and
the second is a five-story apartment building
containing two apartments per level, for a total of
10 apartments.

First Case Study: Private Two-Story
Residential House

Our research began with the creation of the 3D
architectural model on which the studies were
conducted. The architectural model designed is a
two-story residential house. The ground floor
includes an entrance hall, a guest WC, a living
room, a dining room, a kitchen, a storage area,
and a staircase. The upper floor consists of three
bedrooms, two bathrooms, a WC, and a dressing
room. The designed architectural model is
represented on Figure
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LCA and Results Before Optimization

For the LCA, data exported from Revit are
imported into the One Click LCA online
calculation platform, where input parameters
such as the Gross Internal Floor Area (IPMS/RIC,
ASHRAE), the project's baseline strategy, the
design  envelope, the proposed design
description, optimization decisions, and the
calculation period (60 years) are added. Data are
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thus exported from Revit to One Click LCA
following the process illustrated in Figure 2.

Data exported from Revit are then imported
into the One Click platform, where additional
input data listed in the methodology section of
our work are added, and the so-called 'before
optimization LCA is conducted from this platform.
This first analysis provides the results shown in
Figure 3 and Figure 4.

Sankey diagram, Global warming

The cradle-to-grave analysis, which takes into
account the impacts at each stage of a project's
life cycle, from the moment natural resources are
extracted from the ground and processed to each
subsequent stage of manufacturing, transport,
product use, and finally demolition, shows a
global warming potential of 2587 kg CO2e/m2.
This reflects a very large percentage of the carbon
footprint generated by the building, thus playing
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a significant role in environmental pollution if the
building were constructed with these properties.
The life-cycle overview of global warming for our
project before optimization is represented in
Figure 4.

Figure 2
Exporting Revit
data to One click
LCA

Figure 3

cradle to grave
and sankey
diagram



Figure 4
life-cycle overview
of global warming

Figure 5

Dynamo script to
identify and match
element with new
materials

Figure 6

Dynamo script to
create and apply
materials

The life cycle analysis of our project before
optimization over a period of 60 years shows that
our building would generate significant amounts
of embodied carbon emissions, reaching up to
128,000 kg CO2e/m? during the manufacturing
processes (A1-A3 Materials), 12,000 kg CO2e/m?
for transportation of these materials to the
construction site (A4 Transport), and 4,000 kg
CO2e/m? for waste processing (C3 Waste
Processing), which is extremely dangerous for our
environment. Once this negative result s
obtained, we now move on to the optimization
stage of the project. To do this, we export the
alternative sustainable data, which we save in an
Excel file.

Optimization Process

In order to optimize our project, we proceed with
the creation of Dynamo scripts that, combined
with Python, allow us to identify the Excel
elements, match the initially exported elements
with the list of new alternative materials to be
created. The script that enables this action is
shown in Figure 5. Then the project elements and
their different materials have been matched, we
now move on to the creation of a Dynamo script
that will generate new alternative materials and
apply them to the relevant elements of the
project. The Dynamo script thus created is shown
in Figure 6.
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After applying the new materials to the 3D
model using the Dynamo script from Figure 5, we
now proceed to a new LCA, referred to as the "LCA
after optimization," on the One Click platform to
assess the embodied energy of materials in our
new 3D model. To conduct this new analysis, we
export the data from the new 3D model using the
One Click plugin, as described in the
methodology section of our work, and we use the
same additional data from the One Click platform,
such as the Gross Internal Floor Area (IPMS/RIC,
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ASHRAE), baseline strategy of the project, the
design envelope, the proposed design
description of the project, optimization decisions,
and calculation period (60 years). The results of
this analysis are shown in Figures 7 and 8.

The cradle-to-grave analysis shows a global
warming potential of 212 kg CO2e/m? This
reflects a minimized percentage of the carbon
footprint generated by the building, thus
reducing the environmental impact of the
building.

Sankey diagram, Global warming
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The Life-cycle overview of global warming for
our project after optimization is shown in Figure
8, while the Embodied Carbon by Structure A1-A3
and Embodied Carbon by Life-Cycle Stage are
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represented in Figure 9. The results obtained after
this new analysis can be directly exported as
image files or Excel files to facilitate the
comparison of data before and after optimization.

Figure 7

cradle grade and
Sankey diagram
after optimization

Figure 8
life-cycle overview
of global warming

Figure 9
embodied carbon
by structure-A1-
A3 and embodied
carbon life cycle
stage



Figure 10
architectural 3D
model of second
case study

Figure 11
cradle to grave
and Sankey
diagram before
optimization

The result shows that materials themselves
contribute to 87 % of global warming further
emphasizing the importance of optimizing
materials.

Second Case Study: Apartment
Buildings

The architectural model designed for this case
study is an apartment building consisting of five
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Results of the First LCA Before
Optimization

The first LCA, which aims to assess the carbon
footprint of the initial architectural model,
presents results in Figure 11 and Figure 12.

The cradle-to-grave analysis shows a global
warming potential of 3029 kg CO2e/m? before
optimization, which represents a very high
percentage of the carbon footprint generated by
the building, playing a significant role in
environmental pollution if the building were
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floors, with each floor containing two apartments
of two main rooms and a bathroom. The
architectural model is represented in figure 10.
Once the architectural model was designed, we
proceeded by following the same steps applied
previously in the first case study, and the various
results obtained at each stage are as follows.

constructed with these properties. The Life-cycle
overview of global warming for our project before
optimization is represented in Figure 12. The life
cycle analysis of our project before optimization
over a 60-year period shows that the building
would generate significant amounts of carbon
emissions during the manufacturing processes
(A1-A3  Materials), transportation of these
materials to the construction site (A4 Transport),
and waste processing (C3 Waste Processing),
which is extremely harmful to our environment.

Sankey diagram, Global warming
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After obtaining this negative result from the
first LCA, we now move on to the project
optimization stage. To do this, we follow the same
steps applied in the optimization of the first case
study. Sustainable alternative materials for the
project's location and neighboring countries are
exported and saved in an Excel file, which is then
interpreted and matched with the initial data
using the first script. These new materials are
subsequently applied to the corresponding
elements in Revit via the second script, and a

l Cradle to grave (A1-A4, B4-B5, C1-C4) kg co;efrnz_
o R
One [("CA |
(510530) @ Click =5 I

Mt g Crnns

verification analysis is conducted again in the One
Click online database, with the results obtained
on Figure 13 and Figure 14.

The cradle-to-grave analysis, shows a global
warming potential of 320 kg CO2e/m?% This
reflects a minimized percentage of the carbon
footprint generated by the building, thus
reducing the environmental impact of the
building. The Life-cycle overview of global
warming for the second case study after
optimization is shown in Figure 14.

Sankey diagram. Global warming
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Figure 12

life cycle overview
of global warming
before
optimization

Figure 13
cradle to grave
and Sankey
diagram after
optimization

Figure 14

life cycle overview
of global warming
after optimization



DISCUSSION

The results of this research highlight the
significant environmental impact that building
can have due to the amount of carbon emissions
released throughout the life cycle of construction
materials from extraction, manufacturing, and
transportation to construction and demolition.
The optimization approach developed in this
study enhances efficiency and saves time for
designers through its parametric method, which
facilitates the optimization of the embodied
energy of materials throughout the building's life
cycle.

The integration of Dynamo, One Click LCA,
and Python with BIM software Revit streamlines
data  extraction, analysis, and iterative
optimization, allowing the study model to be
refined by reducing carbon emissions and design
inefficiencies while maximizing time savings. The
methodology follows a parametric optimization
logic that begins with the extraction of material
and geometric data from the 3D architectural
model, followed by a life cycle assessment to
evaluate embodied carbon emissions across the
building's life stages. Based on the LCA results,
sustainable alternative materials are selected
using a geographic relevance criterion specifically
their availability and suitability in the project’s
location and neighboring countries and stored in
an Excel database, which is then used to iteratively
replace high-impact materials and update the
model for reduced environmental footprint.

Results obtained after optimizing
architectural models demonstrate that improving
material selection and construction strategies
leads to substantial reductions in carbon
emissions.

A comparison between the case study results
before and after optimization reveals a significant
decrease in embodied carbon within both
materials and construction processes of the
studied models. This finding reinforces the
importance of adopting a parametric, data-driven

approach to environmental impact assessment
from the early stages of design. However,
challenges remain in data management for
different project types, requiring further research
to standardize this optimization process across
various project categories and facilitate its
adoption within the construction industry.

This study underscores the importance of
computational design and automation in
enabling  sustainable  decision-making  for
designers. Future research could focus on
expanding the methodology to include other
disciplines within the construction industry.
Collaboration between architects, engineers, and
policymakers is crucial to further develop
optimization techniques and integrate them into
the regulatory frameworks of sustainable
construction.

CONCLUSION

This research presents a parametric optimization
approach to reduce the environmental impact of
buildings by minimizing embodied carbon
emissions through automated Life Cycle
Assessment (LCA). By coupling BIM tools with
Python and One Click LCA, the proposed
methodology streamlines the assessment and
optimization process, enabling designers to make
more informed and sustainable decisions. Case
studies show that optimizing material selection
and construction strategies can significantly
reduce the environmental footprint of buildings.
The results highlight the importance of
developing approaches that encourage the use of
digital tools and automation in sustainable
architecture. Although further improvements and
application to different types of projects are
needed, this study provides a practical basis for
optimizing architectural models in architectural
design workflows to help optimize the
environmental impact of the building.

Volume 2 - Confluence - eCAADe 43 | 215



REFERENCES
Abdullah, A, Gaya, I.F. and Wakil, Z.A. (2021)

‘Barriers to solving environmental problems
caused by building constructions in Nigeria:

Trudgills's framework’, Global Journal of
Earth and Environmental Science, 6(2), pp.
51-57. doi: 10.31248/GJEES2021.097

Chalapathi, K., Vardhan, K., Kumar, K., Kumar, B.,

and Lakshminadh, D. (2023) ‘Life Cycle
Assessment of (G+1) Office Building Using

BIM and One-Click LCA', International Journal
of Research Publication and Reviews, 4(3), pp.

560-567. doi: 10.55248/gengpi.2023.32086
Dharmarathna, D., Bunster, V. and Graham, P.
(2024) ‘A review of building life cycle
assessment software tools: Challenges and
future directions’, IOP Conference Series:

Earth and Environmental Science, 1363(1), p.

12063. doi: 10.1088/1755-
1315/1363/1/012063

Hollberg, A. and Ruth, J. (2016) ‘LCA in
architectural design—a parametric
approach’, The International Journal of Life
Cycle Assessment, 21(7), pp. 943-960. doi:
10.1007/511367-016-1065-1

One Click LCA (2025). [Online]. Available at:
https://oneclicklca.com/ (Accessed: May 20,
2025).

Kaja, N. and Goyal, S. (2023) 'Impact of
Construction Activities on Environment’,
International Journal of Engineering
Technologies and Management Research,
10(1). doi: 10.29121/ijetmr.v10.i1.2023.1277

Kiss, B. and Szalay, Z. (2020) ‘Modular approach
to multi-objective environmental
optimization of buildings’, Automation in
Construction, 111, p. 103044. doi:
10.1016/j.autcon.2019.103044

Kaftan, M., Manahl, M., Pavlicek, J., HeB, E., and
Hirschberg, U. L. (2014) '‘Augmented
Parametrics - A Novel Framework for
Numerical Optimisations in a Parametric

Design Workflow," Rethinking Comprehensive
Design: Speculative Counterculture, pp. 615—

216 | eCAADe 43 - Volume 2 - Confluence

624. Available at:
https://graz.elsevierpure.com/en/publication
s/augmented-parametrics-a-novel-
framework-for-numerical-optimisatio
(Accessed: May 20, 2025).

Nguyen, T.D. and Pishdad-Bozorgi, P. (2023) ‘A
Review of Life Cycle Assessment Tools for
Measuring the Environmental Impact of
Building and a Decision Support Framework
for Choosing Among Them’, Proceedings of
59th Annual Associated Schools of
Construction International Conference:
EasyChair, 816-806. doi: 10.29007/pcmw

Obrecht, T. P.,, Rock, M., Hoxha, E., and Passer, A.
(2020) ‘BIM and LCA Integration: A
Systematic Literature Review', Sustainability,
12(14), p. 5534. doi: 10.3390/su12145534

Tabrizi, T.B. and Brambilla, A. (2019) 'Toward
LCA-lite: A Simplified Tool to Easily Apply
LCA Logic at the Early Design Stage of
Building in Australia’, European Journal of
Sustainable Development, 8(5), p. 383. doi:
10.14207/ejsd.2019.v8n5p383

UN Environment (2018) Le secteur du batiment et
de la construction détient un énorme potentiel
inexploité de réduction des émissions, 29
March.000Z. Available at:
https://www.unep.org/fr/actualites-et-
recits/communique-de-presse/le-secteur-du-
batiment-et-de-la-construction-detient-un
(Accessed: 29 March 2025).

Zhou, Q. et al. (2015) ‘Data-driven solutions for
building environmental impact assessment’,
Proceedings of the 2015 IEEE 9th International
Conference on Semantic Computing (IEEE
ICSC 2015), Anaheim, CA, USA, 2/7/2015 -
2/9/2015: IEEE, pp. 316-319. doi:
10.1109/1COSC.2015.7050826

Zhou, Y. et al. (2023) ‘Design variables affecting
the environmental impacts of buildings: A
critical review', Journal of Cleaner Production,
387, p. 135921. doi:
10.1016/j.jclepro.2023.135921




	INTRODUCTION
	Research Objective and Methodology
	Research activities
	First Case Study: Private Two-Story Residential House
	LCA and Results Before Optimization
	Optimization Process
	Second Case Study: Apartment Buildings
	Results of the First LCA Before Optimization

	Discussion
	Conclusion
	References

