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This paper presents a parametric LCA tool for early-stage architectural design.
Integrated into the Rhino/Grasshopper employing Ecoinvent EFv3.10 LCIA data, it
allows real-time multi-impact analysis of 25 environmental impact categories across
embodied (A1-A3) and operational (B6) stages of LCA. It provides dynamic material
selection, includes regionalized impact data, and offers automatic unit conversion, hence
instant visual feedback, as well as CSV reporting and interactive graphs. The tool helps
overcome major drawbacks in existing LCA tools such as complexity, single-impact focus,
and unintuitive workflow—by supporting design variant comparison and instant geometry
color-coding in Rhino viewport. A case study demonstrates its ability to enable iterative,

performance-driven decision-making procedures. Future enhancement will focus on the
extension of life cycle phases, the addition of uncertainty analysis, and streamlining
workflows to extend its use across the industry.
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INTRODUCTION

To address the escalating environmental
challenges caused by buildings, Life Cycle
Assessment (LCA) has proven itself as a critical
analytical framework to be integrated into
decision-making processes, which can empower
the construction industry to systematically
enhance sustainability (Ortiz, Castells and
Sonnemann, 2009). The environmental
performance of a building can be substantially
influenced by the decisions made by building
designers during the design process (Roberts,
Allen and Coley, 2020). In particular, the final
environmental performance of a building can be
significantly influenced by decisions made during
the early design phases, including the layout, size,

orientation and material selection of the building
(Roberts, Allen and Coley, 2020). The prevailing
state of architectural practice suggests that
building designers predominantly rely on
intuition, accumulated knowledge, professional
experience, and heuristic principles to inform
early-stage design decisions (Weytjens and
Verbeeck, 2010; Meex et al., 2018). Furthermore,
LCA is normally performed in the latter phases of
the design process, at a point where its ability to
effectively influence and modify design choices is
considerably reduced (Roberts, Allen and Coley,
2020). This highlights the necessity of instruments
that facilitate sustainable decision making at the
early stages of design (Hollberg and Ruth, 2016;
Rodrigues et al., 2019).
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Prideaux et al. (2024) classify LCA tools into
two categories: generic tools, such as Sima Pro
and Gabi, and building-specific tools, such as
ATHENA and TOTEM. The study further indicates
that, despite their versatility and the provision of
detailed information, generic LCA tools are
inadequate for addressing the complexities of
buildings and their design stages.

Building design specific LCA tools come in a
variety of forms, ranging from simple, rule-of-
thumb methods to sophisticated, expert-driven
software (Prideaux et al, 2024). Many of the
current tools are intricate, time-consuming, and
poorly integrated with standard CAD/3D
workflows, which makes them challenging for
designers to adapt (Meex et al.,, 2018; Prideaux et
al, 2022). Emerging solutions such as BIM-LCA
and parametric-LCA provide real-time integration
with design tools; however, they remain in the
early stages of development and encounter
implementation challenges (Prideaux et al., 2024).
Digital advancements in LCA can improve
environmental decision-making, but they must be
adaptable to various design workflows (Hollberg,
Genova and Habert, 2020).

Recent studies highlight the revolutionary
potential of parametric Life Cycle Assessment
(parametric LCA) to enable iterative and real-time
evaluations for sustainability and thus counter the
traditional limits related to late-stage evaluation
(Hollberg and Ruth, 2016; Jusselme, Rey and
Andersen, 2018). Parametric approaches provide
the rapid formulation and testing of many
different design variations and empower
designers with instant environmental feedback
necessary for making fully informed decisions
(Rodrigues et al., 2018).

Despite such benefits, present parametric and
BIM-LCA tools face significant challenges that
limit their wider adoption by architects. Such tools
are often authored with professionals and
engineers in mind as the major adopters, and they
demand precise inputs of data, technical
expertise, and complex operational processes
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(Soust-Verdaguer, Llatas and Garcia-Martinez,
2017; Meex et al., 2018). Generic LCA tools such
as SimaPro and GaBi, albeit thorough in
functionality, often demand intensive manual
inputs and have poor compatibility with typical
architectural CAD programs, thus losing most
utility in early iterative designing (Weytjens and
Verbeeck, 2010; Meex et al, 2018). On the
contrary, BIM-integrated tools such as OneClick
LCA and Tally, even with the promise of
automation by way of direct extraction of
materials directly from the BIM model, are mainly
focused on compliance checks conducted after
the designing process, thus failing to offer the
adaptability to quickly explore design options
during early-stage designing (Shadram et al.,
2016; Cavalliere et al.,, 2019). Parametric LCA tools
such as EPIiC Grasshopper, TOTEM, and Bombyx,
even with the ability to facilitate iterative
investigation by way of real-time feedback, often
suffer due to constrained database integration,
increased expertise demand, and poor multi-
category assessment beyond global warming
potential (GWP) (Jusselme, Rey and Andersen,
2018; Hollberg et al,, 2021).

This underscores the urgent need for user-
friendly interfaces, simplified data entry, and
intuitive  visualization methods. Moreover,
interoperability issues among BIM, parametric
platforms, and diverse LCA databases lead to
inefficiencies that frequently yield either
erroneous or non-comparable  outcomes
(Lasvaux et al., 2015; Shadram et al., 2016). The
challenge of cross-comparison and
benchmarking is further exacerbated by the
absence of standardized functional units and the
variation in the establishment of system
boundaries among studies.  This condition
impedes the capacity of architects to consistently
interpret LCA results and incorporate them into
decision support processes (Lasvaux et al., 2015;
Fenner et al., 2018).

Emerging from the gaps recognized, the
current study introduces an innovative parametric
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LCA tool built in Grasshopper using Python
scripting, utilizing the ecoinvent EFv3.10 Life Cycle
Impact Assessment (LCIA) method to dynamically
assess 25 separate environmental impact
categories. Particularly, the tool is seamlessly
integrated into the Rhino3D viewport, offering
real-time, visually intuitive, color-coded, and
geometry-associated feedback. It systematically
provides an overall, layer-by-layer, environmental
impact analysis matching each building element,
thus allowing targeted optimization processes
(Hollberg and Ruth, 2016). In addition, the tool can
automatically create structured CSV reports,
allowing open documentation and robust
iterative comparisons between different design
options, an important point highlighted in recent
reviews (Hollberg and Ruth, 2016; Cavalliere et al.,
2019).

METHODS

The method taken in the development of this tool
ensures that computational design workflows are
fluently integrated with LCA methodologies,
using, at this stage, two specific databases: the
Estonian national Database and the ecoinvent
EFv3.10 as the underlying Life Cycle Impact
Assessment (LCIA) methodology, while ensuring
flexibility for future integration with other LCIA
approaches. The following sections outline the
computational workflow methodology that make
up the fundamental functionality of the tool.

Impact Data

Preparation and Processing

The computational workflow starts with
preparation and standardization of

Search Component

Region Filter

environmental impact data which is required to
undertake LCA. One of the innovations in the tool
is the structure of the data: the environmental
databases are converted into structured forms in
JSON format utilizing Python scripting in
Grasshopper. The standardization addresses a
string of gaps in the literature review—database
compatibility, inconsistency in the measurement
units of reference flows, and a lack of scalability
to multiple regional applications—by allowing
uniform integration with multiple design
scenarios and sets of data.

As opposed to conventional LCA tools that
either require expert knowledge or entail time-
consuming manual processes, the system
presented here offers an intuitive Material Search
and Selection feature that functions in real-time.
Architects and designers are given the ability to
perform intuitive, case-insensitive keyword
search, thus finding applicable materials from
national and international databases. This is
complemented by real-time item selectors
embedded in Grasshopper, which automatically
link user choices to later modules. This strategy
not only significantly reduces the learning curve
but also enables traceable and smooth decision-
making, directly supporting early-stage design
iteration.

The Available Region Extraction component
adds another level of context sensitivity in the
form of retrieving region-specific measurement
units and regions of impact factors for the chosen
material (Figure 1).
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The Estonian database provides standardized
units (kg and pcs) with a predefined regional
context (Estonia) and the ecoinvent database
provides the material in various units (kg, m? m?,
pcs) and regions. An item selector in the form of
dropdown menus allows the user to choose
region-specific data, ensuring regional
appropriacy and methodological consistency.
Such details enable comparative regional analysis,
often neglected in existing tools.

In the next stage, the Emission Factors Data
Retrieval component compiles impact categories
with region-specific factors for user-defined
materials into a list for the user to select from. Two
modes are provided by the tool for choosing
environmental indicators: checklist mode and
value list mode. The former enables multiple
environmental impact category selection, and the
latter enables single impact category selection or
the “All" option for comprehensive analysis. The
novel approach of this tool is that unlike previous
tools that limit users to a limited number of
impact categories, this workflow supports all
categories embedded in an LCIA method
simultaneously, thus enabling multi-indicator
sustainability analysis—a key shortage identified
in the review of available parametric LCA tools.

Element and Layer Impact Calculation

The system architecture offers a reproducible and
modular framework for environmental impact
calculation at both the material layer and
building-element levels. To assess environmental
impacts, the component defaults to obtaining
layer thickness (T) from the user in millimeters,
which then is converted to meters automatically.
Alternatively, the user can provide the Explicit
Quantity of the material (ExpQ) and its unit
(ExpU), which will get priority during the
calculation when available. The Emission Factors
Output Generation module (see Figure 2)
incorporates user input, such as material type,
layer thickness, explicit quantity (if provided),
units of measurement, region, and category, into
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a JSON string formatted to ensure computational
consistency. The modular structure ensures that
each layer is applied to a standardized process,
thus enabling traceability and scalability.
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The Environmental Impact Calculations
component (See Figure 3) allows for one of the
most laborious, error-prone steps in the LCA—
that of unit conversion and density
determination—to be automated. The system
utilizes an automatic process which correctly
identifies the relevant geometric property relative
to the impact factor's unit of measurement. The
logic works as follows:

e If the impact factor is given per kilogram, the
component calculates the material's weight.

e If per m? it uses surface area.

e If per m?, it calculates volume.

(Layers data —

To get accurate density values, a three-level
query system is developed. It first queries an
internally pre-populated database, then the
Estonian National Database, and finally an
external web APl to get density values from
reputable online sources. If no data is found, the
system generates detailed prompts for manual
entry while caching the input data for future use.
This approach significantly reduces duplicate
effort and reduces the chance of errors.

Layer-level impacts are then aggregated at
the element level. Each building element receives

Figure 2
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Figure 4
Aggregation,
Reporting and
Visualization
Components

a JSON output containing the total impact per
category and individual contributions by layer.
This structured data feeds directly into the next
stages of the workflow.

Aggregation,

Reporting, and Visualization

The Environmental Impact Aggregation and
Reporting component primarily aggregates the
building-element level results to obtain the total
results at entire building level. This is followed by
automatic arrangement of results for export as
CSV and JSON files. The CSV files provide a
detailed summary of every building element,
along with a complex breakdown by material
layer. Further, the JSON output, being structured,
is designed to facilitate subsequent analysis and
graph generation.

The  Color-Coding  and  Visualization
component provides real-time visual feedback
within the Rhino viewport itself and hence relates
geometric objects and impact quantities with an
interactive  color gradient. To improve
comparability among building components of
different  dimensions, it provides two
normalization options:

e Gross Floor Area (GFA) — impacts per square
meter in relation to the building area.

e Element Geometric Area - impacts are
normalized by the surface area of building
elements to prevent larger elements from
disproportionately affecting results.

All building

Environmental Impact
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':"a Vvisualization
1 Component

o [iepmns

In addition to this, a secondary visualization
component allows multiple design variations to
be color-coded and placed side by side within the
Rhino viewport. Each design alternative is
automatically shifted in space and color-coded to
permit  comparative  visual  analysis—an
innovation directly addressing gaps in multi-
scenario LCA comparison tools noted in recent
literature.

Operational Energy

Assessment and Impact Quantification
To extend the boundaries of the environmental
assessment beyond the initial embodied impacts
(A1-A3), the tool includes a module for
operational energy analysis specifically targeting
life cycle stage B6. The energy consumption
simulation is carried out through Climate Studio,
a Grasshopper plugin.

The results are then transformed into
delivered energy by applying nationally
recognized conversion factors, which comply with
Estonian building energy regulations.

Through a search component similar to the
material selection in A1-A3, the user can select
energy carriers (e.g., electricity, biomass) from the
mentioned databases. The component provides
filters for the user to opt for the intended region
of data similar to the previous region selector in
A1-A3. For invalid or missing selections, error-
handling routines help users correct and amend
the situation.

The component then multiplies energy
demand by emission factors to quantify
environmental impact. JSON outputs structure
the results by energy type, source, region, and
impact category. Each category of energy
demand is clearly defined (e.g., heating and
cooling), thus allowing for a detailed analysis and
optimization. This approach not only ensures
compatibility with embodied carbon calculations
but also allows for a complete comparison of
operational and embodied impacts—an element
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that is rarely included in tools designed for early
stages.

Life Cycle Impact Aggregation

The workflow uniquely integrates comprehensive
life cycle impact aggregation throughout
potential multiple stages (A1-A3, A4, A5, B1-B7,
C1-C4, and D) if provided. Through direct
mitigation of the limitations of standardization,
interpretability, and comprehensive life cycle
assessments documented in the literature, the
component supports user-specified  study
durations. It allows for annual and cumulative
impact analysis with flexibility, thus improving the
accuracy and consistency of comparative
benchmarking substantially. The methodological
flexibility in this approach helps architects to gain
a holistic understanding of long-term
environmental implications, thus effectively
informing sustainable and well-informed design
approaches.

Interactive

and comparative Visualization

To address the interpretability of high-
dimensional LCA results for architects, the
workflow includes advanced graphical analysis
with interactive visualization. Interactive stacked
bar and pie charts are automatically generated by
the tool, effectively portraying cumulative
environmental impacts as well as the
contributions of different building components
and lifecycle stages. Filtering of the chosen
element or impact category is supported by this
feature, thus allowing exploratory analysis at the
initial stages of design. Comparative visualization
is also supported by positioning design variants
along an axis in Rhino viewport, with color-coding
of the geometry to denote environmental
performance and an interactive legend. Side-by-
side comparison aids the designer's visual
inspection, thus allowing the discernment of
design strategies—whether they pertain to
massing, envelope, or material configurations—
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which in turn lead to reduced environmental
impacts, thus encouraging collaborative decision-
making among stakeholders independent of
technical proficiency.

RESULTS AND DISCUSSION
To demonstrate performance and practical
applicability, a case study was performed on a
single-family, single-story detached residential
building in Estonia. The study focused specifically
on phases A1-A3 and B6, which deal with
embodied and operational impacts, respectively;
these phases were chosen based on literature that
shows their strong impact on overall
environmental performance of buildings (Ferreira
et al, 2023). A 3D surface model was developed
in Rhino using Grasshopper, which was then
prepared for analysis. The aim was to evaluate
how envelope material choices affect the
environmental performance of design options
across 25 impact categories in order to support
comprehensive decision making in the early stage
of design moving beyond evaluation solely based
on carbon footprint. Two design alternatives were
analyzed, each with different material assemblies.
Table 1 summarizes the information of materials
and the settings, assumptions and considerations
of the energy calculations. Energy simulations
generated energy demand data that was
converted to delivered energy based on Estonian
building code requirements (Riigi Teataja’, 2013;
Riigi Teataja’, 2014). The results not only showed
the absolute environmental impact of each case
but also graphically displayed the differences
directly onto the geometry. This real-world case
supported the workflow's ability to enable
iterative, performance-based design decisions at
an early stage of architectural design.
Immediately after finalizing the impact
calculation, the final value of the user-selected
impact factors will be provided within
Grasshopper. Table 2 summarizes the comparison
of the most influential impacts of the two design
variations.



Table 1

Summary of the
material and
thermal zones
settings of the two
studied variations

Table 2
Comparison of the
most influential
impacts of the two
designs

Material Settings

Building Variation1 Concrete and Concrete Block Variation 2 Timber Construction
Element Material T (mm) Material T(mm)
Floor Parquet 20 Parquet 20
Concrete slab 100 Concrete slab 100
Roof Bitumen sealing 30 Bitumen Sealing 15
Stone wool 270 Deck 20
Concrete slab 150 Stone wool + joists 300
Gypsum plaster/Paint 12/3 Gypsum plasterboard/Paint 13/3
External Walls Wood cladding 20 Lining board 20
Wooden studs 25*25 Windbreaker 9
Polyurethane insulation 150 Mineral wool insulation 200
Concrete block 200 Timber Structure 195*45
Base plaster 10 Gypsum plasterboard 13
Paint 3 Paint 3
Internal Walls Paint 3 Paint 3
Base plaster 10 Drywall 13
Concrete block 150 Timber Framing 150
Base plaster/ Adhesive mortar 10 Base plaster/ Adhesive mortar 10
Paint/Ceramic tiles 3/10 Paint/Ceramic tiles 3/10
Doors Outer wood-glass/inner wood 50/40 Quter wood-glass/inner wood 50/40
Windows Double glazing, PVC frame - Triple glazing, Wood frame -
Thermal Zones Settings (both variations)
People density 0.035 P/m? Heating setpoint 21°C
Equipment density 3 W/m? Cooling setpoint 27°C
Lighting power density 8 W/m?2 Minimum fresh air per area 0.5 L/s/m?
Illuminance target 300 Lux Natural ventilation 10%

Immediately, the user can understand although
Variation 1 typically shows lower embodied
impacts in most categories, Variation 2 depicts
slightly improved performance in terms of annual
operation emissions which over the 50-year scope
of the study can be a considerable difference.
Furthermore, if only GWP is considered, the two

scenarios show modest differences. Yet, other
categories, land use in particular, exhibit much
greater differences, especially in embodied
impacts, implying that sole use of GWP could
mask greater environmental trade-offs between
alternative designs.

Impact Factor AL-A3 B6 (per year)

Var.1 Var.2 Var.1 Var.2
Climate Change - GWP100(kgCO2e) 83,987 89,306 10,227 9,150
Ecotoxicity: Freshwater (CTUe) 1,999,844 2,068,950 81,162 72,612
Energy Resources: non-renewable (MJ) 1,360,381 1,417,309 190,189 170,155
Land use: Soil Quality Index (Dimensionless) 1,716,524 3,298,242 196,805 176,074
Water use (m3 of world Eq deprived) 37,098 43,936 3,545 3,171
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The user can also compare the design alternatives
visually in Rhino viewport. Figure 5 illustrates
three samples of visualization (A- color-coded
and B, C - comparison of building elements). Each
portrays a specific environmental impact
category.

Part A of the figure displays fully color-coded
geometry of variation 1 mapped according to
water use impact. The legend ranges from 143.81
to 13,977.54 m?® of world-equivalent water
deprivation. Visually, most building elements fall
within the range of yellow to orange except for
doors and windows. The roof and floor are in red
range which indicates their high-water use
impacts. In general, the color-coded geometries
suggest moderate to high water use impact of the
design variation.

Part B of the figure depicts a comparison
between the roof components of the two design
variations under non-renewable energy resources
impact category.

The roof of variation 1 (left) appears green,
marking a comparatively lower impact than the
roof of variation 2 (right, red). Noticing the
legend, it can be realized that the values range
from 578,002.24 to 595,628.47 MJ (net calorific
value), showing the difference between the two
design variations.

On part C of the figure, the external walls of
the two variations are color-coded under climate
change (GWP100) impact category. The wall of
Variation 1 (left) is entirely red, corresponding to
GWP values around 1497585 kg CO;-eq,
whereas the wall of Variation 2 (right) is rendered
in green, reflecting a lower impact—between
12,818.33 to 13,058.05 kg CO,-eq.

m3 world-eq deprived
"‘m' 3 978
9 366

Variation 1
‘ Q 5,524

Variation | 2 500 Variation 2

(A Water use (B} Energy resources
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This clearly suggests that the external walls of
variation 2 outperform those of variation 1 in
terms of climate change impact.

Furthermore, the formatted CSV report
generated by the tool enables designers to
extend their analysis beyond a mere comparison
of overall environmental impacts by offering
detailed, layer-by-layer information for each
building component. Table 3 presents the non-
renewable energy use (MJ) impact associated with
each material layer of the roof across both design
variations. The table indicates that Variation 2
exhibits a greater impact, primarily attributable to
the structure and insulation layers, which exceed
those of Variation 1 by 7,148 MJ and 10,000 MJ,
respectively. This diagnostic information enables
designers to accurately identify environmental
burdens and  implement  improvements
effectively.

Energy resources: non-renewable (MJ)
Indicator: abiotic depletion potential (ADP): fossil fuels
Var.1l Var.2

Roof total 578,002 595,628
Layers  Waterproofing 278,516 278,516
Insulation 168,263 175,411
Structure 24,243 34,243

Interior sub-finish 5,729 6,206
Interior finish 101,252 101,252

Importantly, this level of granularity is not limited
to one building element or to a single impact
category. The tool provides equivalent
breakdowns for all user-selected environmental
indicators and for all material layers of all building
elements.

MJ, net calorific value kgCO2-eq
595,628 14,976
501,712 14,496
Variation 1
586,815 13,897
581,920 Variation 2 13,208
i5?3.002 {C) Climate change i12,818

Table 3
Comparative
breakdown of
layer impacts
based on non-
renewable energy
resources impacts
for roofs of two
variations

Figure 5

(A) Color-coded
geometry of
variation 1

(B) Color-coded
roofs of both
variations for
visual comparison
(C) Color-coded
external walls of
both variations for
visual comparison



Figure 6

The pie chart,
generated, for
Climate Change:
Land use and land
use change impact
(kgCO2eq) of
variation 1

This information enables comprehensive
performance evaluation and supports a more
nuanced, data-driven design process from the
earliest stages.

Alongside the color-coding and csv report,
the graphs that the tool automatically generates
for every impact factor, provide insights into the
detailed contributions of building elements (see
Figure 6).

Floor 0.267%, Doors on Internal Walls 0.168%, Doors on
Internal Waterproof Walls 0.162%, Doors on External
Walls 0.049%, Window Frames 0.0384%, Porch Glazing
0.0222%, Porch Fenestration Frames 0.0186%, Cooling
0.0111%, Window Glazing 0.00798%

All graphs are generated for either the entire
reference study period or per year. These graphs
and stacked bar charts offer designers added
insight into sustainability-focused decisions.
Previous studies (Hollberg and Ruth, 2016; Sdwén
et al, 2022; Prideaux et al, 2024) determines
essential criteria for early-stage LCA tools:
usability, workflow integration, visualization, and
a carbon-only focus. Our tool addresses these by
combining six modular stages: impact data
processing,  user-friendly  material/assembly
selection, real-time multi-category assessment,
instant color-coded feedback in Rhino, exportable
reports, and interactive graphs. Unlike OneClick

LCA, Tally, Athena, EPiC Grasshopper, and TOTEM,
this tool uniquely offers early-stage, parametric,
and customizable multi-impact analysis, reducing
required expertise, broadening assessment scope,
and improving usability and workflow integration
through guided inputs and interactive
visualization. Future improvements Planned
improvements include extending assessment
scope to A4-C4, including uncertainty analysis,
streamlining inputs, and augmenting the
component library to increase usability and
reduce skill demands.

CONCLUSION

This study introduces a parametric LCA tool that
directly overcomes shortcomings of LCA
integration in its early stages. Through real-time,
multi-impact analysis enabled by automated unit
handling, visual feedback, and design
comparison, the tool allows architects to make
fully informed decisions without disrupting their
creative workflow. The enhanced reporting
features, and interactive visualization solves
inherent drawbacks of current tools, notably the
over-reliance on global warming potential (GWP)
and incompatibility in the early design stages. A
case study on a real project demonstrates the
tool's usability and efficacy. Planned future
developments, including inclusion of further
lifecycle stages, uncertainty analysis, and pre-
defined component libraries, should further
increase accessibility and robustness. Overall, this
tool provides a basis for the incorporation of LCA
into mainstream architectural practice.

REFERENCES

Cavalliere, C. et al. (2019) ‘Continuous BIM-based
assessment of embodied environmental
impacts throughout the design process’,
Journal of Cleaner Production, 211, pp. 941-
952.

Fenner, A.E. et al. (2018) ‘The carbon footprint of
buildings: A review of methodologies and

Volume 1 - Confluence - eCAADe 43 | 681



applications’, Renewable and Sustainable
Energy Reviews, 94, pp. 1142-1152.

Ferreira, A. et al. (2023) 'Embodied vs.
Operational Energy and Carbon in Retail
Building Shells: A Case Study in Portugal’,
Energies, 16(1), p. 378.

Hollberg, A. et al. (2021) ‘Review of visualising
LCA results in the design process of
buildings’, Building and Environment, 190, p.
107530.

Hollberg, A., Genova, G. and Habert, G. (2020)
‘Evaluation of BIM-based LCA results for
building design’, Automation in Construction,
109, p. 102972.

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.

Jusselme, T., Rey, E. and Andersen, M. (2018) ‘An
integrative approach for embodied energy:
Towards an LCA-based data-driven design
method’, Renewable and Sustainable Energy
Reviews, 88, pp. 123-132.

Lasvaux, S. et al. (2015) ‘Comparison of generic
and product-specific Life Cycle Assessment
databases: application to construction
materials used in building LCA studies’, The
International Journal of Life Cycle Assessment,
20(11), pp. 1473-1490.

Meex, E. et al. (2018) 'Requirements for applying
LCA-based environmental impact assessment
tools in the early stages of building design’,
Building and Environment, 133, pp. 228-236.

‘Methodology for calculating the energy
performance of buildings—Riigi Teataja’
(2013). (Accessed: 21 October 2024).

‘Minimum requirements for energy
performance-Riigi Teataja’ (2014). (Accessed:
21 October 2024).

Ortiz, O., Castells, F. and Sonnemann, G. (2009)
‘Sustainability in the construction industry: A
review of recent developments based on
LCA', Construction and Building Materials,
23(1), pp. 28-39.

682 | eCAADe 43 - Volume 1 - Confluence

Prideaux, F. et al. (2022) 'A review of embodied
life cycle assessment tools used to support
the building design process’, IOP Conference
Series: Earth and Environmental Science,
1122(1), p. 012031.

Prideaux, F. et al. (2024) ‘Integrating life cycle
assessment into the building design
process—a review', Environmental Research:
Infrastructure and Sustainability, 4(2), p.
022001.

Roberts, M., Allen, S. and Coley, D. (2020) ‘Life
cycle assessment in the building design
process — A systematic literature review’,
Building and Environment, 185, p. 107274.

Rodrigues, C. et al. (2018) 'Streamlined
environmental and cost life-cycle approach
for building thermal retrofits: A case of
residential buildings in South European
climates’, Journal of Cleaner Production, 172,
pp. 2625-2635.

Rodrigues, E. et al. (2019) ‘Performance-based
design of multi-story buildings for a
sustainable urban environment: A case
study’, Renewable and Sustainable Energy
Reviews, 113, p. 109243.

Sawén, T. et al. (2022) 'Tool characterisation
framework for parametric building LCA’, /OP
Conference Series: Earth and Environmental
Science, 1078(1), p. 012090.

Shadram, F. et al. (2016) ‘An integrated BIM-
based framework for minimizing embodied
energy during building design’, Energy and
Buildings, 128, pp. 592-604.

Soust-Verdaguer, B., Llatas, C. and Garcia-
Martinez, A. (2017) ‘Critical review of bim-
based LCA method to buildings’, Energy and
Buildings, 136, pp. 110-120.

Weytjens, L. and Verbeeck, G. (2010) Towards
‘architect-friendly' energy evaluation tools. In
Proceedings of the 2010 Spring Simulation
Multiconference (SpringSim '10). Society for
Computer Simulation International, San
Diego, CA, USA, Article 179, 1-8.



	Beyond Carbon Footprint
	INTRODUCTION
	Methods
	Impact Data Preparation and Processing
	Element and Layer Impact Calculation
	Aggregation, Reporting, and Visualization
	Operational Energy Assessment and Impact Quantification
	Life Cycle Impact Aggregation
	Interactive   and comparative Visualization

	Results and Discussion
	Conclusion
	References

