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Abstract 

Although buildings have many benefits, the construction industry represents a big barrier to 

implement the strategic environmental plans. Specifically, in Egypt as one of the developing 

countries, the building construction sector consumes around 40% of the global raw material 

extraction, according to (World Resources Institute, 2015). Furthermore, the manufacturing 

industries and construction processes have 23% of all fuel combustion activities and have 22% 

of all GHG emissions according to the BIENNIAL update report (Ministry of Environment, 

2018). This paper is one of a set of scientific papers that will be introduced to apply the 

integration methodology of Life Cycle Assessment (LCA) and Building Information Modeling 

(BIM) on a health clinic as a proposed building in Assiut University Hospital. The results have 

revealed that that the main harmful environmental impacts are the respiratory inorganics, global 

warming potential, and non-renewable energy as the midpoint method, additionally the human 

health and resource depletion as endpoint method. In particular, the GWP results of the steel, 

concrete, brick, and tiles are (3.4E5), (2.55E5), (9.67E4), and (4.31E4) kg CO2 equivalent 

respectively as a midpoint result. For the endpoint method, the weighting results conducted that 

the human health and resources depletion have recorded the largest figures, as well as the steel, 

concrete, brick, and tiles industries have massive environmental burdens. Additionally, the 

paper has summarized that there is an urgent need to introduce sustainable alternatives of 

building materials particularly since these industries emit many of emissions such as CO2, 

P.M2.5, SO2 and C2H4. Ultimately, the paper has introduced future recommendations for both 

proposed and existing buildings. 
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Nomenclature 

Chemical composition  

CO2 Carbon dioxide SO2 Sulfur dioxide 

CH4 Methane NOx Nitrogen oxide 

N2O Nitrous oxide NH3 Ammonia 

PM Particulate per matter C2H4 Ethylene 
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Measurement units 

Pt Eco-points kg Kilogram 

m3 Cubic meter kg m3⁄  Density 

m2 Square meter kg CO2 eq 
Kilogram carbon 

dioxide equivalent 

 

Abbreviations 

EEAA Egyptian Environmental Affairs Agency LCI Life cycle Inventory 

GHG Greenhouse Gas LCIA Life cycle Impact Assessment 

LCA Life Cycle Assessment HH Human Health 

ISO International Standards Organization EQ Ecosystem Quality 

AUHC Assiut University Hospital Clinic GWP Global Warming Potential 

AUH Assiut Hospital University   

 

Introduction 

Even though the buildings offer many benefits to society, they can have significant 

environmental and human health impacts. According to the Egyptian Environmental Affairs 

Agency (EEAA) of the Egyptian Ministry of Environment, the building construction sector 

consumes around 40% of the global raw material acquisition. On the other hand, carbon dioxide 

(CO2) emissions account for 99% of total greenhouse gas (GHG) emissions of the energy 

division, as demonstrated in Figure 1.  

 

FIGURE 1 ENERGY EMISSIONS PER GAS (WORLD RESOURCES INSTITUTE, 2015) 

 

Meanwhile, corresponding to Egypt's first BIENNIAL update report to the united nations 

framework convention on climate change (Ministry of Environment, 2018), the manufacturing 

industries and construction have 23% of all fuel combustion activities, 22% all GHG emissions. 

In 2015, it was 17% according to (World Resources Institute, 2015). 

The author has previously introduced the statistics from global raw material extraction, Energy 

emissions, and GHG emissions. Now the author will turn to specific emissions such as CO2, 

CH4, and N2O. Based on (Egyptian Ministry of Environment, 2017), fuel combustion pursuits 

make up 97% of total emissions, and CO2 is the main contributor. 
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Literature review 

Life cycle assessment (LCA) is a tool to measure any manufactured stuff's environmental 

impacts. LCA methods applications in Egypt are still minimal. Here, the author will present the 

latest case studies published in international journals to prove the importance of applying the 

LCA in Egypt to construct and build industries. 

(Khasreen et al., 2009) introduced a brief history of LCA and the need for LCA in buildings 

and recapped up future research and recommended to apply it in all developing countries for 

the whole building. 

There were many LCA standards; in 1994. The Canadian Standards Association released the 

first global LCA standard. However, the International Standards Organization ISO was the 

most acknowledged standards with many series, shown in Figure 2. 

 ISO 14040: Environmental management, LCA, Principles, and framework  (International 

Organization For Standardization (ISO), 2006). 

 ISO 14041: Environmental management, LCA, Goal definition and inventory analysis 

(International Organization For Standardization (ISO), 1998) 

 ISO 14042: Environmental management, LCA, Life-cycle impact assessment (International 

Organization For Standardization (ISO), 2000a). 

 ISO 14043: Environmental management, LCA, Life-cycle interpretation (International 

Organization For Standardization (ISO), 2000b). 

 
FIGURE 2 LIFE-CYCLE ASSESSMENT FRAMEWORK (KHASREEN ET AL., 2009) 

 

(Al-Ghamdi & Bilec, 2017) reported that many green building rating systems use a comparative 

LCA study. In their paper, a comparative study was done to assess the LCA software tools 

available to designers. PRe SimaPro is the result of the comparison in Table (1) - in their paper 

- as a complex analysis tool and an advanced skill level. 

Various researches have been conducted in many building sectors; for instance (Mannan & Al-

Ghamdi, 2020) proposed a review of all studies in constructional and operational water use and 

associated environmental impacts to apply the latest developments from the LCA perspective. 

Also, the applications have been accomplished not only to the new building but also to the 

retrofit buildings (Tokede et al., 2018). There are many scientific papers that have applied the 

LCA on the building, such as (Collinge et al., 2013; Janjua et al., 2020; Kamali et al., 2018; 

Marique & Rossi, 2018; Martinopoulos, 2020; Najjar et al., 2019; Oquendo-Di Cosola et al., 

2020). Unfortunately, only tens of studies have been carried out in Egypt. The international 
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research has tried to introduce a new application to prove LCA's essential to measure the energy 

efficiency and environmental impacts for all construction building sectors.  

Based on those mentioned earlier, this paper will apply the LCA and building information 

modelling (BIM) methodology on one of the proposed buildings in Assiut, Egypt. This paper 

is one of a series of scientific papers. The first one is the LCA of the whole building, and the 

second one will be the comparison between the material of building openings, the third is the 

comparison among specific of glass windows type, the last but not the least is to introduce one 

of the newest promising sustainable brick types. 
 

Methodology 

This paper will introduce the LCA and BIM methodologies on one proposed building in Assiut, 

Egypt. The LCA will be used to assess the environmental impacts and energy efficiency of the 

building construction materials. To collect the building construction components, the BIM 

comes to do that. The LCA-BIM integration in the construction material can help evaluate and 

deliver the sustainability features. Both methodologies will be applied to reduce the energy 

consumed and mitigate environmental emissions from the manufacturing and construction 

sectors. 

Building information modelling and LCA trends 

Over twenty years ago, LCA was widely used as a sustainable tool to measure and reduce the 

environmental impacts and the energy consumed. As well, BIM is described as "a set of 

interacting policies, processes, and technologies generating a methodology to manage the 

essential building design and project data in digital format throughout the building's life-cycle" 

(Stathis Eleftheriadis et al., 2017) reported. Many of the articles adopt the integration tool 

between the BIM and LCA for their application, for example, but not limited (S. Eleftheriadis 

et al., 2018; Hasik et al., 2019; Janjua et al., 2020; Lee et al., 2017; Llatas et al., 2020; Najjar 

et al., 2019; Seyis, 2020; Su et al., 2020; Weißenberger et al., 2014). 

This article will bring together the application of LCA and BIM capabilities to assess the 

environmental impacts and the energy consumed for one of the proposed buildings in Assiut 

city, Egypt. Corresponding to the BIM software, Autodesk Revit is the most common one; this 

research has used the 2020 (licensed version), as presented in Figure 3.  

 
FIGURE 3 AUTODESK REVIT USER INTERFACE VERSION 2020 (LICENSED VERSION) 
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As for the LCA, the PRe SimaPro is the best LCA tool according to a comparison conducted 

by (Ali et al., 2016); version 9.1 has been used as a faculty licensed, as shown in Figure 4. 

 
FIGURE 4 PRE SIMAPRO USER INTERFACE VERSION 9.1 

Case study 

This part will take the Assiut University Hospital Clinic (AUHC) as a case study to investigate 

the building's environmental impact and energy consumed. The aim is to pinpoint the most 

significant building materials in its construction phase from the environmental emissions point 

of view and consider recommendations to apply the LCA and BIM methodologies for all 

forward projects and research. AUHC is one of the proposed projects inside the campus of 

Assiut Hospital University (AUH).  Figure 5 shows the campus of Assiut University and the 

location of the proposed new clinic.  

 
FIGURE 5 LOCATION OF THE CAMPUS OF ASSIUT UNIVERSITY AND PROPOSED NEW CLINIC IN AUH IN ASSIUT 

CITY 
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The project's geographic location is set on the BIM model by defining the internet mapping 

service, as shown in Figure 6. The longitude and latitude are defined with coordinators 

27.1838397979736 and 31.1667556762695, respectively. Furthermore, Figure 7 documents a 

sample of BIM model drawings. 

 
FIGURE 6 LOCATION WEATHER AND SITE OF AUHC 

 

a) The ground floor 

 
b) The southern facade 
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c) The building section 

 

d) Proposed perspectives 

FIGURE 7 BIM MODEL DOCUMENTS 

 

Establishment of LCA Model for Assiut University Hospital Clinic  

As we have previously discussed, based on the flowchart of decision support analysis designed 

by (Najjar et al., 2019), as shown in Figure 8, the case study methodology of this article has 

been built. The LCA methodology contains four phases: Goal and Scope Definition, Life cycle 

Inventory (LCI), Life cycle Impact Assessment (LCIA), and finally, Interpretation. 

 
FIGURE 8 FLOWCHART OF DECISION SUPPORT ANALYSIS 
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Goal and Scope Definition 

This study's primary goal is to contribute to assessing the environmental impacts of all building 

materials by adopting the LCA and BIM methodological process. It helps decision-makers, 

building designers, and building material manufacturers with environmental impacts caused by 

these industries. One kilogram (1 kg) has been designated as a functional unit for each building 

material. 

 

Inventory Analysis 

As one of the BIM model findings as was designed, Table 1 lists the building material 

quantities. These figures have been calculated according to the standard density kg m3⁄  of all 

materials. As the quantities of the materials are mandatory (from BIM study), the life cycle 

inventory (LCI) (from LCA study) also is required. The material quantities from BIM are 

considered as inputs in SimaPro. The LCI databases, in SimaPro, depend on the Ecoinvent V3 

dataset, which is a European data. Because of gathering the LCI of Egyptian materials is one 

of the difficulties of the LCA application in Egypt, this paper has based on the Ecoinvent 

database by considering a minimal error in the results. Selecting the database from the 

Ecoinvent (SimaPro-based) is carefully done by picking the same manufacturing process of the 

building materials in Egypt. 

 

TABLE 1 BILL OF QUANTITIES EXTRACTED FROM THE BIM MODEL 

Name Area (m2) Volume (m³) 

Brick 861 164.16 

Concrete 4382 0.88 

Steel  17.00 

Mortar 3089 29.70 

Tiles 1556 62.29 

Glass 132 0.41 

Plaster 3358 32.31 

Wood/Aluminum openings 88 1.20 

 

Impact Assessment 

The Life Cycle Assessment (LCIA) process helps us distinguish among the various choices of 

environmental impacts. Many factors convert the LCI to the LCIA, such as the characterization, 

normalization, weight, and single score. Based on the literature review (Al-Ghamdi & Bilec, 

2017; Ali et al., 2016; Hossain & Thomas Ng, 2019; Ingrao et al., 2018), there are two 

approaches proposed; the midpoint and endpoint methods. The first method covers Global 

warming, Aquatic Eco toxicity, Respiratory and Non-renewable energy; all of them are 

calculated with equivalent via equations embedded in the SimaPro calculations. The second 

one covers Human health damage, Ecosystem quality, and Resources; all of them are shown in  

(Ali et al., 2016). 

 

 (Ali et al., 2016). 
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Result and interpretation  

As we have discussed before regarding the IMPACT 2002+ method in the previous section ( 

Impact Assessment), the author will present the characterization, single score, and weighting 

results. 

 

Single score per impact category  

As Figure 9 shown, the steel has the worst environmental impacts, and the plaster has less one; 

this corresponds to (Ansah et al., 2020; Llantoy et al., 2020; Sedláková et al., 2020). Steel 

manufacturing records 111 points (Pt), then concrete with 58.4 Pt. The tiles and the brick 

industry come in the third and fourth ranks with (47.5 Pt) and (30.1 Pt). The first contributor to 

the environmental impacts is respiratory organics (42.8 Pt) in the steel industry and (36.6 Pt) 

in the tiles industry. The second contributor is the global warming potential (GWP), recorded 

(34.3 Pt) and (4.35 Pt) for steel and tiles industries, respectively. However, the GWP is the first 

contributor to concrete (25.8 Pt) and brick (9.76 Pt) because of the fossil fuels combustion, the 

electrical energy usage, and the coal usage as it is reported by (Janjua et al., 2020; Ministry of 

Environment, 2018; World Resources Institute, 2015; Wu et al., 2020). 

 
FIGURE 9 SINGLE SCORE RESULTS PER IMPACT CATEGORY (MIDPOINT METHOD) 

FIGURE 10 PRESENTS THE SINGLE SCORE RESULTS WITH THE ENDPOINT METHOD. IN THIS SECTION, THE 

AUTHOR WILL POINT OUT THE OTHER METHOD, INCLUDING HUMAN HEALTH (HH). ECOSYSTEM QUALITY 

(EQ) AND RESOURCE DEPLETION. REGARDING THE HH RESULTS, THE STEEL RECORDED THE HIGHEST 

POINTS WITH (50.7 PT) THEN THE TILES WITH (38.1 PT). THE RESOURCES IMPACT RANKED THE SECOND 

CONTRIBUTOR, STEEL (17.8 PT), CONCRETE (13.2 PT), AND FINALLY, THE BRICK (7.29 PT), RESPECTIVELY. 

THESE INDUSTRIES NEED A MASSIVE AMOUNT OF RAW MATERIALS AND EMIT MANY OF 𝐂𝐎𝟐, 𝐏.𝐌𝟐. 𝟓, 𝐒𝐎𝟐 

AND 𝐂𝟐𝐇𝟒 EMISSIONS, IN LINE WITH (HU, 2019; OQUENDO-DI COSOLA ET AL., 2020) RESULTS. 
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FIGURE 10 SINGLE SCORE RESULTS PER BUILDING MATERIAL (ENDPOINT METHOD) 

 

To demonstrate the results with equivalent life cycle impact categories, Table 2 shows the 

characterization results. Many of studies, such as (Ansah et al., 2020; Bahramian & 

Yetilmezsoy, 2020; Hu, 2019; Najjar et al., 2019; Sedláková et al., 2020; Thibodeau et al., 

2019; Wu et al., 2020; Xue et al., 2020), have focused on the GWP as it is the first challenges 

on the environmental impacts overall the world. Therefore, the GWP results of the steel, 

concrete, brick, and tiles are (3.4E5 kg CO2 eq), (2.55E5 kg CO2 eq), (9.67E4 kg CO2 eq) and 

(4.31E4 kg CO2 eq) respectively.  

 

TABLE 2 CHARACTERIZATION RESULTS 
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Weighting per impact category 

Figure 11 exhibits the results of the weighting method per the impact categories. Regarding the 

impact categories, respiratory inorganics, GWP, and non-renewable energy have the worst 

environmental impacts. There are minimal impacts that are ignored in confirm with (Hasik et 

al., 2019; Hu, 2019; Kylili et al., 2017; Mannan & Al-Ghamdi, 2020; Marique & Rossi, 2018; 

Wu et al., 2020). 

 
FIGURE 11 WEIGHTING RESULTS PER IMPACT CATEGORY (MIDPOINT METHOD) 

 

For the endpoint method, Figure 12 presents the weighting results according to the overall 

impacts. The HH and resource depletion have recorded the most massive figures, and the steel, 

concrete, brick, and tiles industries have massive environmental burdens consistent with 

(Collinge et al., 2013; Hu, 2019). 

 
FIGURE 12 WEIGHTING RESULTS PER BUILDING MATERIAL (ENDPOINT METHOD) 

 

Conclusions 

This research's main idea is that the building materials cannot be chosen without investigating 

the environmental impacts of their manufacturing process. The sustainable building materials 

should be introduced nowadays. The results have proved an urgent need to introduce 

sustainable alternatives of steel, concrete, and brick particularly. According to the (Bahramian 
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& Yetilmezsoy, 2020; Hossain & Thomas Ng, 2019; Janjua et al., 2020; Llantoy et al., 2020; 

Seyis, 2020), all of these industries need many of raw material acquisition in which effects on 

the depletion of the resources as an endpoint result. As well as these industries emit many of 

emissions such as CO2, P.M2.5, SO2 and C2H4 with mainly related to the respiratory inorganics, 

GWP and non-renewable energy. The consumed electricity and fuel to manufacture the 

building materials are the leading causes of these environmental impacts. 

 

Future Recommendations 

Based on the previous analysis, it can be realized that the significant harmful environmental 

impacts are the respiratory inorganics, GWP, and non-renewable energy as the midpoint 

method, additionally the human health and resource depletion as the endpoint method. In this 

part and based on the results, improvement proposals will be introduced regarding the new 

proposed buildings and the existing buildings. 

 

Suggestions for the proposed buildings 

Designers and decision-makers should consider selecting the building material, not only from 

the cost point of view but also from the environmental burdens. Meanwhile, this article revealed 

that the LCA applications should be approved to be the main mandatories to get the new 

building license.  

 

Suggestions for existing buildings 

For the existing buildings, the issue will be more complicated; however, another methodology 

should be applied in which is the LCA of the operational phase. That stage is concerned with 

electricity and water consumption and how to introduce more sustainable options, such as 

reusing or recycling the greywater and reducing the electricity bills. All of these solutions 

simultaneously will reduce the CO2, P.M2.5, SO2 and C2H4 Furthermore, it ultimately will 

mitigate respiratory inorganics, global warming potential, and non-renewable energy. 

 

Limitations and recommendations 

The main barriers indicate two important points, (1) the BIM application on the designed 

building in Assiut to take the advantages of the BIM modelling, and (2) the shortage of LCI 

database, that is why the LCA applications in Egypt are little or almost rare, so the researchers 

cannot build their applications without the Egyptian database. In that case, using the European 

dataset will be the most beneficial way to apply the LCA in Egyptian case studies. Considering 

the choice of convergent technology for the Egyptian industries, with the calculation of an error 

factor in the results. 
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