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The building sector faces pressing environmental challenges, making it essential to 
adopt tools that reduce resource use and limit environmental impacts. Life Cycle 
Assessment (LCA) has become one of the most widely used methods for evaluating the 
environmental performance of buildings and is central to achieving sustainability in 
construction. This dissertation develops an analytical framework for embedding LCA 
within routine design practices through Building Information Modelling (BIM) based 
approaches, with particular attention to integrating BIM and LCA as well as interpreting 
LCA outcomes within building design contexts.BIM, understood as a virtual 3D model 
linked to a database of building components, offers strong potential when combined 
with LCA. Existing research highlights that their integration not only simplifies data 
collection but also creates a mutually reinforcing relationship where BIM informs 
environmental assessment and LCA enhances design decision-making. This study 
undertakes a methodological exploration of BIM–LCA integration, focusing on how BIM 
can streamline data input, improve the reliability of outputs, and optimize results 
during environmental evaluation.The findings confirm the practicality of developing 
methods that use BIM models to structure building data for assessing environmental 
and energy impacts through LCA. This includes the application of templates and plug-
ins within BIM software. Results further demonstrate that embedding LCA within BIM 
facilitates the generation of multiple design alternatives, ensures accurate and 
transparent data processing, and enables robust comparisons of design solutions 
against defined environmental benchmarks. Importantly, the study shows that design 
choices are influenced by how LCA results are interpreted, underscoring the value of 
applying LCA concepts early in the design process. 
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1. Introduction 
 

The concept of sustainability in construction has gained global momentum, driven by the urgent 
need to address social, economic, and environmental concerns associated with the built 
environment. Reports by Du Plessis [1] have drawn attention to the multifaceted impacts of the 
construction sector. The industry significantly influences environmental quality through extensive 
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off-site, on-site, and operational activities, utilizing vast quantities of raw materials, energy, and 
water. According to Soust-Verdaguer et al., [2], the construction sector globally consumes 32% of 
total resources, 40% of energy, and 12% of fresh water, reflecting its critical role in resource 
efficiency. Rock et al., [3] emphasizes the considerable environmental burdens associated with both 
the construction and maintenance phases of buildings. The European Commission’s 'Roadmap to a 
Resource Efficient Europe' [4] underlines that better building practices could significantly reduce 
resource use and environmental impacts, cutting 42% of final energy consumption, 35% of 
greenhouse gas emissions, and up to 30% of water consumption. Since humans spend more than 
90% of their lives indoors, the performance and sustainability of buildings directly impact quality of 
life and environmental resilience. A regenerative built environment is essential in shaping a 
sustainable future. 

In the United Nations report released in 2019, Africa, with a population of over 1.2 billion, is 
expected to double by 2050. Rapid urbanization and economic growth present environmental risks, 
as highlighted by Rodriguez Fiscal et al., [5]. Environmental challenges such as air pollution, chemical 
toxicity, and water scarcity are already severe, for instance, air pollution causes over a million deaths 
annually on the continent [6]. Many African economies rely on extractive industries and agriculture, 
including oil (Nigeria, Angola), metals (South Africa, Ghana), and crops like coffee and cocoa (Ethiopia, 
Ghana), which adds strain to ecosystems [7]. Despite the evident need, Life Cycle Assessment (LCA) 
has yet to gain substantial ground in Africa [5]. LCA provides a framework for evaluating 
environmental impacts at each stage of a product's life from raw material extraction to 
manufacturing, use, and disposal [7]. However, LCA research in Africa is limited and fragmented. 

Huijbregts et al., [8] note the scarcity of localized life cycle inventory (LCI) data, lack of peer-
reviewed studies, and over-reliance on commercial data sources. A holistic and peer-reviewed LCA 
framework is necessary for informed policy-making and environmental regulation on the continent. 

In Nigeria, efforts to regulate building energy performance are still developing [9]. The 2006 
National Building Code did not include provisions for energy efficiency, although ongoing efforts aim 
to integrate energy codes, the focus remains on operational energy. At the same time, housing 
demand is rapidly increasing because of ongoing urban expansion. The housing deficit, estimated at 
12–14 million units in 2007, rose to about 17 million by 2012 [10]. Bridging this gap will require large 
volumes of building materials and considerable energy, especially embodied energy, energy 
consumed in the extraction, processing, transportation, and assembly of materials [10]. Unlike in 
colder, industrialized regions where operational energy dominates, Nigeria’s tropical climate and 
limited energy supply mean embodied energy has a greater environmental impact. Low-income 
housing scenarios show that focusing on embodied energy can significantly reduce carbon emissions. 
Data remains insufficient to guide policy or practice. Conducting robust LCA studies of Nigerian 
housing stock could offer invaluable insights for improving energy efficiency at the material and 
process levels [11]. 

Building Life Cycle Assessment (LCA) is a valuable tool for evaluating a building's environmental 
impact from raw material extraction to demolition. While it promotes sustainable design, full-scale 
LCA remains complex, especially in regions like Africa with limited data and standardization [5]. LCA 
is often applied too late in the design process to guide decisions effectively [12]. Integrating LCA 
during early design changes are easier and cheaper [13]. Building Information Modelling (BIM) 
supports this by enabling accurate material data and analysis [14]. Tools like Tally and Athena link 
BIM models directly to LCA, streamlining assessments [15]. However, challenges such as poor 
interoperability, limited local datasets, and skill gaps hinder adoption. To improve sustainability 
outcomes in rapidly urbanizing countries like Nigeria, investment in BIM-LCA integration, regional 
databases, and professional training is urgently needed. 
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2. Literature Review 
2.1 Emissions Contribution of The Construction Sector 
 

Carbon dioxide (CO₂) remains the most significant anthropogenic greenhouse gas, responsible for 
altering atmospheric composition, increasing global temperatures, and exerting lasting ecological 
and health impacts, with an atmospheric lifetime ranging from 100 to 200 years [16]. While water 
vapor is the most abundant natural greenhouse gas, CO₂ serves as the standard reference due to its 
dominance from fossil fuel combustion and its far-reaching climatic effects. Other gases such as 
methane (CH₄), nitrous oxide (N₂O), and ozone (O₃) also contribute to warming, but their differing 
global warming potentials (GWP) necessitate conversion into a unified metric, carbon dioxide 
equivalent (CO₂e), for accurate comparison [16]. 

The construction sector is a major contributor to these emissions. The European Environment 
Agency (EEA) reported in 2021 that buildings alone accounted for approximately 35% of the EU’s 
energy-related emissions, originating from material production, transport, on-site energy use, and 
end-of-life disposal [4]. Despite advances in insulation, glazing, heat pump technologies, and 
renewable integration, reductions remain insufficient to achieve the EU’s “Fit for 55” target of a 55% 
emissions cut by 2030 [17]. Beyond operational energy, embodied carbon from extraction, 
processing, construction, and demolition contributes around 10% of global emissions [17]. The report 
Resource Efficiency and Climate Change: Material Efficiency Strategies for a Low-Carbon Future 2019, 
by the International Resources Panel-UNEP suggest material cycle interventions could reduce 
embodied emissions in residential buildings by up to 80% across G7 nations and China, though trade-
offs persist: measures such as enhanced insulation lower operational energy but increase reliance on 
resource-intensive materials, shifting the carbon load to production. A balanced strategy combining 
energy performance improvements with material efficiency is therefore essential to mitigate both 
embodied and operational impacts [17]. 
 
2.2 Circular Buildings 
 

Circular buildings, derived from Circular Economy (CE) principles, seek to minimize resource use, 
emissions, and waste by adopting closed-loop systems that prioritize reuse, recycling, and extended 
material lifecycles [18]. Two central strategies define this model: slowing resource loops through 
repair, refurbishment, and life-extension of materials, and closing loops by recycling materials back 
into production cycles [18]. In practice, construction can achieve these goals through modularity, 
standardization, lightweight design, non-raw or low-impact materials, and mechanical bonding for 
ease of reuse. At end-of-life, design for disassembly and material separation are critical to achieving 
recycling efficiency [19]. 

Nonetheless, implementation faces notable barriers, Van Stijn et al., [19] highlight limitations 
including technological immaturity, underperformance of circular materials in terms of energy 
efficiency, water and gas safety, and a tendency for many designs to mirror conventional business-
as-usual practices. Additional challenges include aesthetic concerns such as visible wear, hazards in 
reclaimed materials (e.g., chemicals in salvaged wood), reduced structural performance due to 
material degradation, and prohibitive costs undermining economic feasibility. These constraints 
illustrate why, despite its potential, circular construction remains in early stages of widespread 
adoption [19]. 
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2.3 Standards and Frameworks 
2.3.1 EN 15804 +A1/+A2 – products in the building sector 
 

EN 15804 is the principal framework for Environmental Product Declarations (EPDs) in the 
construction industry, providing a harmonized structure to ensure transparency and comparability 
of environmental data. Originally introduced as EN 15804 +A1, the standard was revised into EN 
15804 +A2 to tighten life cycle requirements, refine functional units, and broaden environmental 
impact indicators, thereby enhancing its role in Life Cycle Assessment (LCA) [20]. 

A key difference lies in the categorization of impacts: while EN 15804 +A1 offered a general 
framework, the +A2 version introduced a more detailed and extended breakdown, rendering +A1 
data non-convertible and necessitating updates [20]. Among its indicators, climate change expressed 
through Global Warming Potential (GWP) in CO₂ equivalents is most critical, as it measures 
greenhouse gas contributions to global warming. In EN 15804 +A2, GWP is subdivided into three 
categories based on emission source, while many platforms incorporate a fourth indicator - total 
GWP - those accounts for embodied carbon across life cycle stages A1–A3. This revision positions EN 
15804 +A2 as the prevailing framework for robust and sector-specific environmental reporting [20]. 
 
2.4 Green/Sustainable Buildings 
 

Green and sustainable buildings are assessed through established frameworks such as BREEAM 
and LEED, which benchmark environmental and ecological performance [21]. According to RICS 
(2009), sustainable buildings should maximize value for owners, occupants, and society while 
minimizing resource consumption and environmental impacts, including biodiversity effects. Berardi 
[22] similarly argues that green buildings must balance environmental responsibility with fitness for 
functional use. 

Cole [23] distinguishes between green and sustainable assessments, noting that while green 
evaluations focus on local environmental features against conventional baselines, sustainable 
assessments are measured against broader international goals encompassing environmental, 
economic, and social dimensions. However, some scholars caution that true sustainability may be 
unattainable, citing limitations in current standards [24]. Despite these debates, the terms “green” 
and “sustainable” are often used interchangeably to describe buildings meeting third-party 
certification systems such as LEED or BREEAM, which remain the most widely recognized measures 
of sustainable performance [24]. 
 
3. Methodology  

 
This study focuses on integrating Life Cycle Assessment (LCA) into Building Information Modelling 

(BIM) to evaluate the environmental performance of a typical residential building design. 
The methodological framework adopted as shown in Figure 1 below, is structured to manage 

building data and LCA results from the perspective of the design team. It emphasizes identifying the 
most appropriate design phase to conduct LCA, where its influence on decision-making is most 
effective. To evaluate how material choices impact environmental performance, three design options 
were developed for comparative life cycle assessment, as shown in Table 1. While the structural 
framework comprising reinforced concrete foundations, columns, and slabs remained constant 
across all options, variations were introduced in walling, roofing, and door or window systems, these 
quantities were expressed in terms of volume (m³), area (m²), kg, or number of units, depending on 
the nature of the material or component as shown in Table 2. To evaluate the environmental impacts 
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of material selection and design decisions, three options were developed for comparative life cycle 
assessment as shown in Table 3 

The case study is a three-story residential apartment building with a total floor area of 722 m², 
located in Lagos, Nigeria as shown in Figure 2-4 below. The BIM model includes all primary building 
components such as partition walls, slabs, columns, beams, foundations, parapet walls, roof, and 
openings. All modelled elements were considered within the scope of the LCA.  

 
 

 
Fig. 1.  Research flowchart 

 
 
 
 

 
Fig. 2. 3D Architectural model of the structure 
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Fig. 3. 3D Structural frame model of the structure 

 
 

 
Fig. 4. 3D Reinforcement model of the structure 

 
 
The BIM model was developed using Autodesk Revit 2024, following a structured modelling 

workflow that reflects common residential construction practices. Project base levels and structural 
grids were established to guide the placement of vertical and horizontal load-bearing elements.  

The structural frame was created using reinforced concrete columns and beams, assigned with 
appropriate material properties (C20/25 ready-mix concrete). Concrete floor slabs of 300 mm and 
150 mm thickness were modelled at ground and upper floors, respectively. Reinforcement details 
were incorporated using Revit’s structural rebar tools, with slabs, beams, and columns all reinforced 
to match standard construction practice. Walls were modelled using custom wall types, with external 
walls consisting of 225 mm hollow concrete blocks and internal walls using either 225 mm or 150 mm 
blocks. A pitched roof system with clay (terracotta) tiles was added, followed by customized windows 
and doors placed according to architectural drawings.  

After completing the architectural and structural modelling, the model was reviewed in 2D and 
3D to ensure accuracy. Each element was verified for correct material assignment, dimensioning, and 
placement, ensuring consistency for accurate data extraction and reliable LCA analysis using the One 
Click LCA platform. 
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Table 1 
Data Sources 

 
Table 2 
Material inventory of the structure  

CATEGORY TYPE QUANTITY UNIT UNIT 
(PCS) 

TRANSPORT 
DIST. (km) 

WALL Exterior Walls Hollow Blocks 
(450x225x225) 

3668.76 2m 285 30 

Exterior Walls CEB Blocks         
 

Interior Walls Hollow Blocks 
(450x150x150) 

9581.12 2m 915 30 

Interior Walls CEB Blocks    40      
 

DOOR Doors Interior Door 
750mm 

11.7 2m 12 30 

Doors Interior Door 
750mm (Panel) 

126.88 2m 79 

Doors Interior Door 
750mm (Frame) 

125.35 2m 79 

Doors Interior Door 
750mm 
(Architrave) 

65.65 2m 79 

Doors Interior Door 
900mm 

384.71 2m 86 

Doors Interior Door 
1200mm 

5.28 2m 1 
      

 
WINDOW Windows OP1200 0.14 3m 3 30 

Windows OP1800 0.21 3m 4 
Windows OP2200 0.13 3m 2 
Windows OP2500 0.45 3m 8 
Curtain Wall 
Mullions 

50 x 150mm 10.65 3m 1735 

Curtain Panels Glazed 371.69 2m 526       
 

ROOF Roofs ROOF 677.11 2m 2 30 

 
  

 Primary data source Secondary data source 
A1 – A3 (Raw material, 
extraction, processing & 
manufacturing 

Construction drawings, 
BOQ, Engineers 

Verified environmental product 
declarations (EPDs), OneClick LCA database 

A4 (Transport to site) Project – specific transport 
data, if available 

Regional transport scenarios within 
OneClick LCA, reflecting typical routes and 
modes 

A5 (Construction & 
Installation process) 

On-site estimated utility 
consumption 

Default values from OneClick LCA for 
conservative estimates 

B1 – B5 (Use phase, material 
replacement) 

Manufacture data, project 
service-life 

Standard service life metrics for materials, 
verified against project conditions 

C1 – C4 (End of life) Demolition reports (if 
available) 

Default waste scenarios in line with EN 
15804 +A1/A2 requirements 
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 Table 2 (Continued)  
STAIRS Stairs 190mm max riser 

250mm going 
1.87 3m 3 60 

Stairs 190mm max riser 
250mm going 

1.87 3m 3 

Top Rails Elliptical - 
40x30mm 

0.47 3m 15 30 

Railings Glass Panel - 
Bottom Fill 

0.26 3m 15 
      

 
SLAB Floors 150mm THK SLAB 4199.14 2m 6 60       

 
BEAM Structural Framing B1- 450 x 230mm 65.04 3m 241 60 

Structural Framing B10- 450 x 250mm 27.18 3m 61 
Structural Framing B11- 600 x 450mm 1.83 3m 2 
Structural Framing B2- 600 x 230mm 38.50 3m 105 
Structural Framing B4- 600 x 1000mm 3.88 3m 2 
Structural Framing B4- 600 x 750mm 1.14 3m 1 
Structural Framing B7- 600 x 300mm 4.82 3m 8 
Structural Framing B7- 600 x 600mm 8.98 3m 10 
Structural Framing B8- 230 x 600mm 0.7 3m 2 
Structural Framing F.B1 - 450x230mm 3.29 3m 37 
Structural Framing F.B2 - 600x230mm 14.94 3m 58       

 
COLUMN Structural Columns C1 40.87 3m 120 60 

Structural Columns C2 26.16 3m 58 
Structural Columns C3 6.94 3m 41 
Structural Columns C4 4.05 3m 18 
Structural Columns C5 1.48 3m 3 
Structural Columns C6 3.96 3m 7       

 
FDN 
(Slab) 

Structural 
Foundation 

Foundation Slab 
300mm THK 

216.520283
2 

3m 1 60 
      

 
REBAR Structural Rebar H10 5200 kg 

 
30 

Structural Rebar H12 5600 kg 
 

Structural Rebar H16 7500 kg 
 

      
 

GROSS FLOOR AREA 
 

710 2m 
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Table 3 
Summary of material specifications for the three options 

Building Element  Option 1 Option 2 Option 3 
Foundation C20/25 concrete C20/25 concrete C20/25 concrete 
External walls 225mm Hollow concrete 

blocks 
225mm Hollow concrete 
blocks 

Compressed Earth 
blocks 

Internal Walls 225mm Hollow concrete 
blocks 

150mm Hollow concrete 
block 

Compressed Earth 
blocks 

Columns C20/25 concrete C20/25 concrete C20/25 concrete 
Beams C20/25 concrete C20/25 concrete C20/25 concrete 
Staircase C20/25 concrete C20/25 concrete C20/25 concrete 
Reinforcement Ꝋ 10, 12, 16 Ꝋ 10, 12, 16 Ꝋ 10, 12, 16 
Floors C20/25 concrete C20/25 concrete C20/25 concrete 
Windows Aluminium framed 

window  
Aluminium framed 
window  

Timber framed window  

Doors Aluminium door system Aluminium door system Timber door system 
Roof Roofing Tiles - Clay Roofing Tiles - Clay Roofing Tiles - Clay 

 
3.1 Exporting the Revit Model to One Click LCA 

 
After completing the BIM model in Autodesk Revit, the relevant building elements and their 

material quantities were exported to the One Click LCA platform to facilitate environmental impact 
analysis as shown in Figure 5 and Figure 6. This was achieved through the One Click LCA Revit plugin, 
which establishes a direct link between Revit and the LCA tool. Once installed, the plugin appeared 
in the Revit toolbar and scanned the model to automatically categorize elements such as walls, floors, 
roofs, foundations, windows, and doors forming the core of the life cycle inventory.  

A selective export process was then carried out, focusing on high-impact components like 
reinforced concrete (used in slabs, beams, and columns), hollow concrete blocks (for wall 
construction), and glazing systems (from windows and doors), while excluding some non-structural 
items such as fixtures and furniture. Before exporting, the model was thoroughly reviewed to ensure 
accurate material assignments and that Revit’s volume, area, and mass computations were properly 
enabled, as these parameters are critical for reliable take-offs. The export process generated a 
structured dataset containing essential material and dimensional data, which was then uploaded to 
the One Click LCA cloud platform for further environmental assessment. 

 

 
Fig. 5. OneClick LCA plugin in Revit – options tab 
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Fig. 6. OneClick LCA plugin in Revit – data and scope tab 

 
3.2 Material Mapping in One Click LCA 
 

The material mapping process in One Click LCA involved assigning verified Environmental Product 
Declarations (EPDs) to each material from the Revit model to ensure accurate environmental impact 
data as shown in Figure 7 and Figure 8 below. After importing the model, elements were 
automatically grouped (e.g., walls, floors, roofs) with quantities expressed in volume, area, mass, or 
units (Table 4). Each material was matched to a suitable environmental profile from One Click LCA’s 
EPD library and databases like Ecoinvent, based on technical similarity and lifecycle coverage. Where 
possible, metadata such as transport distances, service life, and recycled content were added using 
typical Nigerian values. A final review ensured all materials were properly assigned, forming a solid 
basis for the next stage LCA parameter definition and impact analysis. 

 

 
Fig. 7. OneClick LCA online platform – information tab 
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Fig. 8. OneClick LCA online platform – building materials 

 
3.3 Life Cycle Assessment Setup and Scope Definition 
 

The assessment framework followed in this study was based on the principles and structure 
outlined in the EN 15978 standard, titled “Sustainability of Construction Works, Assessment of 
Environmental Performance of Buildings - Calculation Method” as shown in Figure 9. Project-specific 
settings were configured in the One Click LCA platform to contextualize the assessment, including 
specifying Nigeria as the project location, setting a 25-year reference study period, and inputting the 
building’s gross floor area to normalize results (e.g., kg CO₂e/m² GFA). Transport distances and 
approximate waste generation rates for key materials like concrete and blocks were also entered, 
with default values used conservatively where local data was unavailable. 

The analysis focused on Global Warming Potential (GWP) as the primary impact indicator, while 
also reviewing secondary metrics like Acidification and Resource Depletion. Results were presented 
as both total and normalized values, supporting the identification of high-impact materials and 
guiding strategies to reduce the building’s embodied carbon footprint. 
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Fig. 9. Building life cycle stages 

 
3.4 Embodied Carbon Target Metrics for Residential Buildings 
 

To support decarbonization, key built environment bodies like RIBA, LETI, and IStructE have set 
benchmark targets for embodied carbon in residential buildings as shown in Table 4 below, serving 
as design-stage performance indicators to reduce upfront emissions from materials and construction 
as shown in Figure 10. 
 

Table 4 
Summary of material specifications for the three options 

Organization Scope Metric Unit Target Level Target Value (kgCO₂e/m²) 
RIBA (2021) 

 
A1–A5 

 
GFA 

 
2020 Target ≤ 1200 
2025 Target ≤ 800 
2030 Target ≤ 625 

LETI (2020) 
 

A1–A5 
 

GIA 
 

Business As Usual ~800–1000 
Current Best 
Practice 

~500–600 

LETI Target (2020s) ≤ 300 
LETI Stretch Target ≤ 250 

IStructE (2023) 
 

A1–A5 
 

GIA (Structure Only) 
 

Typical Practice 200–300 
Good Practice ≤ 200 
Best Practice ≤ 100 
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Fig. 10. Building life cycle stages 
 
 
 
 
 
 
 
 
 
 
 



Semarak International Journal of Design, Built Environment and Sustainability 
Volume 4, Issue 1 (2025) 48-67 

61 
 

4. Results 
 
This chapter presents the Life Cycle Assessment results of AURORA HILLS residential apartment 

in Lagos, Nigeria, a three-story building with a total floor area of 722 m². The assessment quantified 
environmental impacts, including Global warming potential, Acidification, Eutrophication, Ozone 
depletion, Photochemical ozone creation, and Fossil resource depletion, focusing on embodied 
carbon (GWP in kg CO₂e/m²) across the life cycle stages defined by EN 15978. The results for all three 
design options (I, II, and III), along with their comparison, are presented as shown in Figure 11-14, 
and Table 5-8 below. 
 
4.1 Option I 

    
(a)                                                                                                    (b) 

 

   
                                     (c)                                                                                                    (d) 

    
                                     (e)                                                                                                (f) 
  
Fig. 11. OPTION I: (a) Most contributing materials, (b) Bubble chart life-cycle resources, (c) Result by Life 
cycle stage, (d) Sankey Diagram (e) Life Cycle Overview of Global Warming (f) Embodied Carbon Benchmark 
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Table 5 
Option I – Summary of assessment 

Aspect Result 
Embodied Carbon 2e/m21133 kg CO 
Main contributors Concrete, mortar, masonry blocks  
Highest impact stage A1 – A3 (Product stage) – 88.7% of total emissions 
Construction stage (A5) 6.3% 
Transport (A4) 2.4% 
End-of-Life (C2 – C4) <3% 
Benchmark Targets Exceeds RIBA (500), LETI (625) benchmarks. 

 
4.2 Option II 
 

  
(a)                                                                                     (b) 

    
                                            (c)                                                                                               (d) 

 
                                                                                   (e) 
 
Fig. 12. OPTION II. (a) Most contributing materials, (b) Result by Life cycle stage, (c) Life Cycle Overview of 
Global Warming, (d) Bubble chart life-cycle resources, (e) Embodied Carbon Benchmark 
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Table 6 
Option II – Summary of assessment 

Aspect Result 
Embodied Carbon (A1 – C) 2e/m21020 kg CO 
Main contributors Concrete, Plaster, Masonry blocks 
Highest impact stage A1 – A3 (Product stage) – 87.2% of total emissions 
Construction stage (A5) 6.5% 
Transport (A4) 3.1% 
End-of-Life (C2 – C4) 2.7% 
Benchmark Targets Exceeds RIBA (500), LETI (625) benchmarks 

 
4.3 Option III 

  
(a)                                                                                                       (b) 

 
                                               (c)                                                                                                 (d) 

      
                                            (e)                                                                                           (f) 
 

Fig. 13. OPTION III: (a) Most contributing materials, (b) Result by Life cycle stage, (c) Life Cycle Overview of 
Global Warming, (d) Bubble chart life-cycle resources, € Sankey Diagram, (f) Embodied Carbon Benchmark 
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Table 7 
Option III – Summary of Assessment 

Aspect Result 
Embodied Carbon (A1 – C) 2e/m2541 kg CO 
Main contributors Concrete 
Highest impact stage A1 – A3 (Product stage) – 85% of total emissions 
Construction stage (A5) 3.6% 
Transport (A4) 6.5% 
End-of-Life (C2 – C4) 4.4% 
Benchmark Targets Aligns with RIBA (500), LETI (625) benchmarks 

 
4.4 Comparing Options I, II and III 
 

 
(a) 

 
(b) 

   
                                                (c)                                                                                                 (d) 
 
Fig. 14. (a) LCA Design Phases, (b) Life Cycle Assessment - All impact categories, (c) Life Cycle Assessment – 
Compare Elements, (d) Life Cycle Assessment - Elements and Life Cycle Stages 
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Table 8 
Comparative table summary for option I, II, III 

Category Option I Option II Option III 
Embodied Carbon 

)2e/m2o(kgC 
1133 1020 541 

Main contributors Ready-mix concrete, 
mortar, masonry blocks 

Ready-mix concrete, 
Plaster, Masonry blocks 

Ready-mix concrete 

Highest impact stage A1 – A3 (Product stage) 
– 88.7% of total 
emissions 

A1 – A3 (Product stage) 
– 87.2% of total 
emissions 

A1 – A3 (Product stage) 
– 85% of total emissions 

Construction stage (A5) 6.3% 6.5% 3.6% 
Transport (A4) 2.4% 3.1% 6.5% 
End-of-Life (C2 – C4) <3% 2.7% 4.4% 
Benchmark Targets Exceeds RIBA (500), LETI 

(625) benchmarks 
Exceeds RIBA (500), LETI 
(625) benchmarks 

Aligns with RIBA (500), 
LETI (625) benchmarks 

 
5. Conclusions 
 

This study conducted a Life Cycle Environmental Assessment (LCA) of a Building Information 
Modelling (BIM)-based residential apartment design, with the aim of minimizing embodied carbon 
emissions throughout the building’s life cycle. The methodology involved architectural and structural 
modelling using Autodesk Revit and environmental analysis using One Click LCA, in accordance with 
EN 15804, EN 15978, and BREEAM standards. 
 

Three design options were developed and compared. The findings can be summarized as follows: 
 

1. The product stage (A1-A3) consistently contributed the highest share of embodied carbon in 
all three design options. 

2. Option I had the highest total embodied carbon at 1133 kgCo2e/m2, primarily due to the 
extensive use of concrete masonry unit, mortar and ready-mix concrete. 

3. Option II reduced emissions to 1020 kgCo2e/m2, reflecting limited material improvements 
but still failing to meet sustainability benchmarks. 

4. Option III, which incorporated compressed earth blocks and concrete with recycled binders, 
achieved the lowest environmental impact (541 kgCO₂e/m²), representing a 52% reduction 
compared to Option I. 

5. Despite lower circularity (87.2%), Option III outperformed the others in overall sustainability, 
demonstrating that material efficiency and low-carbon design are more critical than 
recyclability alone. 

6. Across all environmental impact categories, option III showed the best performance, including 
lower acidification, eutrophication, and resource depletion. 

7. All options exceeded the ‘RIBA 2030’ target (625 kgCO2e/m2) and ‘LETI goal’ (500 
kgCO2e/m2), except option III, which falls within these benchmarks. 

8. The use of BIM-LCA tools (Revit + OneClick LCA) proved highly effective for assessing and 
comparing environmental performance at the early design stage. 

 
In conclusion, the study demonstrates that BIM-LCA integration is both feasible and valuable for 

guiding sustainable building design. Standardized guidance for interpreting LCA outcomes is essential 
to support designers in making informed, low-impact design choices at the early stages of 
development. 
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