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Abstract. Buildings and construction have a significant effect on our natural environment and 
are major contributors towards global energy use and greenhouse gas emissions. Understanding 
and improving the environmental performance of buildings is critical to reducing these effects. 
While there has been some success reducing the operational effects of buildings, the significance 
of embodied environmental effects is rising. Built environment professionals must be better 
equipped to understand and integrate these considerations into iterative decision-making 
processes. Life cycle assessment (LCA) is a commonly used technique to quantify environmental 
effects across the life cycle of a building, however, it is not widely used by building designers. 
This is partially due to time constraints, the complexity of conducting detailed LCA, and the 
limited amount of building information available during early building design. The aim of this 
review is to identify the breadth of LCA tools available that support the building design process, 
with a focus on embodied environmental effects. A review of literature is conducted which 
identifies attributes and properties of these tools including: software attributes, relevance to 
design phases, features for building design, life cycle coverage, and data attributes. The review 
finds a lack of consistency between LCA tools, with varying levels of data transparency and 
completeness, and challenges for incorporating these tools into prevalent design workflows. 

1.  Introduction 
Buildings and cities place a considerable burden on the natural environmental and are major contributors 
to global greenhouse gas emissions and energy use [1]. To avoid irreversible damage to our natural 
systems, the building sector must make rapid and wide-ranging transformations to reduce the 
environmental effects of buildings [2]. Environmental effects can be broadly separated into two 
categories; firstly, operational environmental effects associated with the ongoing operation of buildings 
such as heating, cooling, and utility usage. Secondly, embodied environmental effects associated with 
the manufacturing of construction goods and products, and the construction, replacement, maintenance, 
and end of life stages of a building. This review focuses on embodied environmental effects, recognising 
that there is an urgent need to better understand and to rapidly reduce embodied environmental effects 
such as those resulting from the environmental flows of water, energy, waste, resources and greenhouse 
gas emissions [3–6]. The significance of embodied environmental flows in buildings is rising in both 
absolute terms, and relative to operational flows [7]. This is due in part to an increasing demand for low 
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energy buildings that often rely on additional materials to achieve energy reductions [8]. Materials with 
high embodied environmental flows are also likely to further compound current environmental issues 
by causing upfront spikes [6]. Despite the focus on embodied environmental effects in this review, it is 
critical that operational and embodied effects are assessed concurrently, and all life cycle effects are 
included in the building design decision-making process, to avoid shifting the environmental burden.  

This review examines life cycle assessment (LCA) tools that support designers to make informed 
decisions about the environmental performance of a building throughout the design process, with a focus 
on embodied environmental effects. LCA tools are widely recognised as one of the most comprehensive 
ways to quantify environmental effects during the building design process [9]. Despite this, they are not 
widely adopted by building practitioners [8], or are included too late in the design process to have a 
meaningful contribution [10]. Reasons for lack of uptake among building designers include time 
constraints (particularly during the early design phase), complexity of conducting detailed LCA, limited 
building information in early design, and tools not being fit for purpose [11].  

The aim of this review is to identify the breadth of LCA tools for building design that support the 
design process, highlighting limitations and challenges, data variations between LCA tools, features that 
support the design process, and the appropriateness of these tools across the building design phases.  

2.  Method 
This review focuses on specialist LCA tools for building design and excludes generic LCA tools such 
as Gabi and Simapro. In the context of building design, LCA can be conducted for structural/design 
optimisation, certification, research and education, benchmarking, to support the design process, and as 
a requirement of the building approval process. The primary audience for these specialist LCA tools 
includes architects, but also construction professionals, developers, homeowners, and other stakeholders 
who are actively involved in the building design process. Tools are available across various platforms 
including web-based platforms, spreadsheets, standalone assessment programs, building information 
modelling-LCA (BIM-LCA), and LCA directly integrated into 3D design programs.  

Due to the mixture of stakeholders, platforms and purposes, it is extremely difficult to directly 
compare LCA tools [12]. The intention of the review is therefore to identify the breadth of LCA tools 
available for the building designer; not to provide an exhaustive list of available tools, or to test/rank 
tools in terms of suitability. Each of the selected LCA tools are assessed on software attributes, coverage 
of life cycle stages, applicability to the design phases, features for building design, and data attributes. 
This is achieved through a review of academic literature, grey literature and software documentation. 
User tests are not conducted; therefore, further research is needed for verification of results and 
examination of individual tools. The inclusion criteria are that tools must have been updated since 2017, 
are designed to support the building design process, and include embodied environmental flows in their 
assessment. Sampling includes government, academia, and commercial software; a representation of 
free, open-source and closed-source options; and a selection of BIM-LCA, parametric, web-based, and 
standalone software. EPiC Grasshopper and Totem are included as the authors have detailed information 
regarding these tools, although comparable parametric tools and government alternatives are available. 

2.1.  Software attributes  
Key attributes of the selected LCA tools are collated from software documentation. This includes 
publisher details, country of publication, last update, platform, and software type. The software type is 
broadly categorised into open-source, closed-source freeware, closed-source commercial, and closed-
source government software. The licencing type is considered important as there are a lack of open-
source LCA tools available for building designers [13]. Pauliuk et al. argue that increased availability 
of open-source LCA software encourages transparent and higher-quality results [14]. 

2.2.  Life cycle stages 
A review of software documentation is conducted to determine the LCA method used, and the 
reported coverage of life cycle stages according to the European standard EN 15978:2011. 
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2.3.  Building design phases 
For the purposes of this review, the building design work plan stages are simplified into two distinct 
phases: early design, and detailed design. These align with the 7 stages of the RIBA Plan of work: 0. 
strategic definition, 1. preparation and briefing, 2. concept design, 3. spatial coordination, 4. technical 
design, 5. manufacturing and construction, 6. handover, and 7. use [15]. Early design covers stages zero 
to two, and detailed design covers stages three to five, with the recognition that minor design changes 
can still be made during construction. Post construction stages six and seven are excluded. 

During early design, the effort required to achieve reductions in embodied environmental flows is 
significantly less than during the later design stages. Early design also poses some unique challenges, 
as there are high levels of uncertainty, and building information required by many LCA workflows is 
often lacking [11]. A simplified LCA approach can be used to overcome these issues [16], however, 
over simplification in the absence of data can lead to results not being representative of a building’s 
final environmental performance [17]. From detailed design onwards, additional building information 
is available allowing for a more reliable/complete estimation of environmental flows. There is also 
typically less opportunity for major design changes, and while LCA results can help inform structural 
optimisation and material considerations, building massing studies, orientation, floor area, and other 
fundamental decisions have often already been finalised.  

A review of software documentation and literature establishes if the selected LCA tools are intended 
for use in early design and detailed design, although does not assess their suitability for these phases. 

2.4.  Features for building design 
Not all specialist LCA tools are compatible with the building design process, and many tools are targeted 
specifically for use by LCA experts rather than building designers [11]. There is a risk of tools being 
overly technical, time-consuming, cost-prohibitive and not adequately integrated into the design process 
[11]. To ensure uptake of LCA in building design, tools should be easily accessible and integrate with 
existing workflows, including CAD and 3D modelling programs with results that can be quickly 
generated and easily interpreted by the designer [11]. In recognition that LCA results can be complicated 
and difficult to interpret, Hollberg et al. (2021) provide recommendations on how LCA tools could be 
made more accessible, for a wide range of stakeholders, by improving LCA visualisations and 
interactive dashboards [18]. In addition to this, researchers have identified key features of LCA tools 
that can enhance the interpretation of assessment results and support the decision-making process for 
building design. These include: integration with 3D software [11], linkage to certification/benchmarks 
[11,18], design comparison [11,12,18], hotspot analysis [12,18], optimisation [11,12], temporal 
distribution [18], and sensitivity/uncertainty analysis [11,12,18]. 

This review establishes the presence of these features in the selected LCA tools through a review of 
academic literature and user documentation. Linkage to benchmarks and certification is included with 
the recognition that continued advancements to policy, building regulations, certification schemes and 
benchmarks help to incentivise, legitimise, and validate the inclusion of environmental considerations 
in the building design process [19] and can help address the lack of uptake of LCA tools among 
practitioners. Hotspot analysis refers to the aggregation of assessment results, enabling designers to 
identify areas for potential improvement. Aggregation can be at the level of building elements, materials, 
or life cycle stages. Optimisation refers to multi-objective optimisation using genetic algorithms (or 
similar). Temporal distribution refers to the graphical representation of yearly environmental flows 
across the life cycle of a building. Uncertainty analysis focuses primarily on data uncertainty (see section 
2.6), rather than uncertainty related to user inputs. Analysing data uncertainty can assist the designer in 
understanding the potential effect of these uncertainties on assessment results [20]. 

2.5.  Integration of LCA throughout the building design process 
Many standalone LCA tools lack the flexibility to work across all stages of the building design process 
[21]. Parametric LCA workflows offer some solutions, particularly regarding optimisation and 
integration in early design [22].  These approaches directly integrate into 3D and CAD software and 
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enable real-time assessment of environmental performance based on changes to input geometry and 
other variables. Hollberg and Ruth (2016) explain how user efforts can be minimised using a parametric 
approach, demonstrated through a multi-residential and retrofit case study [23]. Parametric design does 
have its limitations, not least of which is the relatively low uptake among building designers, and limited 
number of parametric LCA tools available [10], many of which require specialist software expertise. 

BIM-LCA is another workflow that enables designers to incorporate LCA considerations throughout 
the building design process. It also provides a platform to engage with consultants and engineers from 
the early design stages. Hollberg, Genova and Habert (2020) establish that it is possible to integrate 
BIM-LCA throughout the building design process, noting some limitations, and indicating that results 
can be misleading in the early design phase where a simplified LCA is used [24]. Due to a high level of 
complexity, these workflows are not always viable for smaller projects or for early design [23]. 

For this review, a selection of BIM-LCA, parametric, standalone, and web-based LCA tools are 
assessed, to compare features and attributes between these approaches.  

2.6.  LCA environmental data 
The reliability of LCA findings is determined not only by user inputs, but also underlying environmental 
data, typically taken from life cycle inventory (LCI) databases that quantify embodied environmental 
flows for construction materials and processes. To ensure the success of LCA studies, selected databases 
should be comprehensive and up to date [25]. The collation of LCI data is an extensive process and data 
must be collected for individual geographical regions for it to be as representative as possible, which 
makes updating data very challenging and time consuming [7]. Due to this, there is a lack of available 
data for many countries. Existing databases also vary in compilation methodologies, geographical and 
temporal attributes, system boundaries, and underlying data assumptions [20]. Discrepancies in these 
data can dramatically alter LCA results [26], and are likely to influence design decisions [27], although 
more research is needed to understand this relationship. Increased data transparency can assist 
researchers and practitioners in identifying errors and discrepancies [20]. A lack of transparency can 
occur when there is a low resolution of data, or data are protected by restrictive licencing that does not 
allow detailed interrogation of environmental flows [28]. 

LCI databases are compiled using three primary methods: process analysis, environmentally 
extended input-output (EEIO) analysis, and hybrid analysis. The process analysis approach is generally 
considered the most reliable and uses detailed manufacturing information to estimate environmental 
flows for processes and materials in the supply chain [29]. EEIO analysis is typically the most 
comprehensive in terms of system boundaries and uses top-down economic data supplemented with 
environmental data to estimate environmental flows based on the cost of a product produced by a 
specific economic sector [29]. Hybrid analysis combines process and EEIO data to capitalise on the high 
reliability of process analysis and the comprehensiveness of EEIO analysis. Details and limitations of 
these approaches are further explained by Crawford, Bontinck and Stephan (2018) [29]. To demonstrate 
the effect of using different LCI methods, Crawford, Stephan and Prideaux (2019) evaluated the life 
cycle energy of a residential dwelling in Melbourne, Australia using both hybrid and process-based data, 
showing that the use of hybrid data raised the share of embodied energy from 19% to 39% over the 
building life cycle [30].  

Another type of process-based data are environmental product declarations (EPDs). These provide 
independently verified, standardised environmental information for specific construction products, 
rather than the generic versions of materials that are often represented in LCI databases.  EPDs are 
becoming more widely used and recognised among building designers. The consistency of data used for 
EPDs is improving, supported by the development of various schemes and regulations, although there 
remains a high level of variability at the product level when comparing life cycle effects [31]. In addition 
to this, it is not always apparent how building designers should incorporate information from EPDs into 
LCA, as variations between databases of generic materials and EPDs can be significant [32], and direct 
comparisons between products is not always possible or reliable.  
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The selected LCA tools are assessed on their data attributes, including underlying LCI databases and 
methods used, the geographical specificity of these data, and associated licence agreements. They are 
also assessed on the inclusion of EPDs and ability to accept custom data from the user.    

3.  Results 
LCA tools selected for this review are broadly classified into three categories: those with a focus on 
reporting and certification (Totem), those designed to support the building design process (EPiC 
Grasshopper), and a mixture of both (Athena Impact Estimator for Buildings, One Click LCA, and 
Tally). Full results are recorded in Table 1.  
 

 
Table 1. Life cycle assessment tools for building design 

  

Athena Impact 
Estimator for 
Buildings a 

One Click 
LCA b 

EPiC 
Grasshopper 

c Totem d Tally e 

Software 
attributes 

Last update 2020 2022 2022 2022 2022 

Platform Standalone 
Web based/ 
plugins 

Grasshopper 
plugin Web-based Revit® plugin 

Cost Free Paid/paid* Free* Free Paid* 

Software type Closed-source 
freeware 

Closed-source 
commercial  

Open-source 
freeware 

Closed-source 
government 

Closed-source 
commercial 

Design 
Phases 

Early design X X X X X 
Detailed design X X X X X 

Features 
for 
building 
design 

3D/CAD integration – X X – X 
Certification/benchmarks p X – X p 
Design comparison X X X X X 
Hotspot analysis X X X X X 
Optimisation – O O – O 
Temporal distribution – – – – – 
Uncertainty analysis p – p p – 

Life 
cycle 
stages 

Stages includes in life 
cycle assessment 

A1-A5 
B2p,B4, B6 
C1,C2,C4 
D 

A1-A5 
B1-B7 
C1-C4 
D 

A1-A3 
B2 p,B4 

A1-A5 
B2,B4,B6 
C1-C4 

A1-A5 
B2-B6 
C2-C4 
D 

Data 
attributes 

Database Athena 
database Varies EPiC AU 

Ecoinvent 3.6/ 
EPDs Gabi 

Last update 2018 2022/varies 2019 2019/2022 2018 
Methodology Process Varies Hybrid Process Process 
Geographical specificity USA/Canada Global Australia Belgium USA 
Licence Licenced  Varies Open access Licenced  Licenced 
Custom data allowed p p X p p 
EPD selection available X X – X X 

a Athena Sustainable Materials Institute, Canada. Available from: www.calculatelca.com 
b Bionova Ltd., Finland. Available from: www.oneclicklca.com  
c UC Louvain & The University of Melbourne, Australia. Available from: www.epicdatabase.com.au  
d OVAM, SPW & Brussels Environment, Belgium. Available from: www.totem-building.be  
e Building Transparency, USA. Available from: www.buildingtransparency.org  
X – Full functionality 
O – Can be achieved with the use of plugins 
* – Requires purchase of parent software package 
p Partial integration OR user request required 

http://www.calculatelca.com/
http://www.oneclicklca.com/
http://www.epicdatabase.com.au/
http://www.totem-building.be/
http://www.buildingtransparency.org/
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3.1.  Software attributes and features  
A mix of commercial, government and research tools are represented in the results; this includes paid, 
freeware and open-source software. Features for building design were difficult to assess with complete 
reliability, due to the variety of reporting approaches between tools, and gaps in documentation. While 
the assessed LCA tools could all be reportedly used during the early design and detailed design 
phases, there were noticeable gaps in features, such as integration with 3D/CAD software, 
optimisation, linkages with certification/benchmarks, temporal distribution, and uncertainty analysis. 
3D/CAD integration was only possible with Tally, One Click LCA and EPiC Grasshopper. 
Optimisation was not provided ‘out of the box’ for any of the LCA tools, although multi-objective 
optimisation could be achieved through additional functionality and plugins available in Grasshopper 
and Revit. Design comparison and hotspot identification were available for all the assessed LCA tools, 
with hotspot identification provided at the element level (all), and for life cycle stages (all except EPiC 
Grasshopper).  

3.2.  Data attributes and LCA stages 
Each LCA tool provided different life cycle coverage for the assessments, and while some tools had 
lengthy documentation detailing system boundaries, others only provided brief statements about the 
life cycle stages covered. All LCI tools mentioned data uncertainty in their documentation; One Click 
LCA/Tally provided an explanation of the data and methods used, Totem/Athena Impact Estimator for 
Buildings provided a detailed manual of the data and methods used, but only EPiC Grasshopper 
provided full access to the underlying LCI database and assumptions made for each of the datasets. All 
LCI databases had been updated in the last 5 years, and the majority of databases used a process-based 
approach, except for EPiC Grasshopper which used a hybrid approach, and One Click LCA, which 
used a variety of data sources, each with differing methodologies, geographical and temporal 
specificity. The data were typically limited to a small geographical region, apart from One Click LCA, 
which offered global coverage through a broad collection of data sources. EPiC Grasshopper accepted 
custom data, while others only accepted custom data on request, or through the lodgement of an 
approved EPD. All tools except for EPiC Grasshopper included a selection of EPDs for use in LCA.  

4.  Discussion and conclusion 
There is a wide range of LCA tools available to quantify the embodied environmental effects of 

buildings. Despite this, these tools are not commonly used by building designers to inform design 
decisions and are only rarely used in the early design stage when there is the greatest opportunity to 
influence the environmental performance of a building. While some advancements have been made 
towards the integration of LCA tools throughout the design process, noticeably with improved BIM-
LCA and parametric workflows, considerable progress still needs to be made.  

Results from this review highlight two major barriers for the integration of LCA tools in the building 
design process. Firstly, there are substantial challenges with the provision of data for LCA [7], 
particularly regarding data consistency, transparency and geographical coverage. While data are 
improving, with an increasing number of LCI databases and construction material EPDs available, many 
countries are lacking data, and there are variations in methodologies, completeness, and transparency 
between databases. This is demonstrated by the lack of data consistency between LCA tools assessed in 
this review. Data variations are likely to directly impact design decisions [27], and more research is 
needed to better understand how these data variations, including those between generic data and specific 
data found in EPDs, might influence design decisions and a building’s final environmental performance. 

Secondly, LCA tools must be better aligned with the building design process and associated 
workflows [11]. This is a complex problem, as the building design process is not standardised. While 
some building designers utilise complex digital workflows, other designers prefer analogue design 
methods. Architecture firms vary in size and purpose, as do the type and scale of projects, client 
requirements, preferred design tools, consultants, and other factors. In addition to this, LCA tools must 
balance the need for detailed and robust assessment, while also supporting rapid and iterative decision-
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making at each stage of the design process. All LCA tools reviewed in this paper were theoretically 
usable for early design and detailed design stages, however, there were noticeable gaps in design-
supportive features, such as integration with 3D/CAD software, linkage with certification/benchmarks, 
optimisation, temporal distribution, and uncertainty analysis. Without these features, conducting 
assessments and the interpretation of results are likely to be time consuming and challenging.  

To overcome these challenges and to streamline LCA in the building design process, further tool 
development and research is required. LCA tools must be versatile and flexible enough to integrate with 
building design workflows, provide decision-supportive results that can be quickly and easily interpreted 
by designers, with context specific environmental data that is consistent, transparent, and complete.  
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