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Abstract- The techniques of LCA and LCEA as they 

relate to building materials are thoroughly examined in 

this review paper. A summary of the fundamentals, 

stages, and important variables unique to building 

materials are presented first, then the significance of 

LCA in the engineering material sector is highlighted. 

Methodological techniques used in Life Cycle 

Assessment (LCA) are extensively discussed in the 

article. These techniques include uncertainty analysis, 

normalization, impact assessment, inventory analysis, 

and allocation methodologies. Subsequently, the study 

presents an extensive analysis of LCA research on a 

range of building materials, including steel, concrete, 

cement, and wood, looking at environmental factors 

and life cycle phases. Along with discussing circular 

economy ideas, renewable energy sources, technology 

advancements, and policy implications, the review also 

looks at current developments in life cycle assessment 

(LCA) for building materials. The difficulties and 

potential paths forward in implementing Life Cycle 

Assessments (LCAs) for building materials are 

examined, with a focus on the importance of data 

quality, standardization, integration of social factors, 

and industry-research collaboration. LCA has an 

imperative function in guiding informed decision-

making, offering scholars, policymakers, and industry 

experts vital insights to improve sustainability within 

the building sector. 
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1. INTRODUCTION 

The modern world grapples with serious 

environmental challenges like melting our ice 

glaciers rapidly and pile of waste highlighting 

pressing concerns for environmental sustainability. 

The research over the past few decades shows that 

the global climate is changing quickly while also 

obfuscating the fact that these changes will 

eventually persist. [1, 2]  

Although the building industry consumes vast 

amounts of energy, resources, and emits greenhouse 

gases, its environmental footprint is substantial. 

Assessing the sustainability of infrastructure and 

buildings hingers greatly on the selection and 

utilization of construction materials. Life cycle 

assessment (LCA) stands as a vital approach to 

comprehensively assess the environmental impacts 

of building materials throughout their entire life 

cycle. This methodology district phases, comprising 

the mining of raw materials, producing, transport, 

uses and discarding, building. This allows for a 

comprehensive assessment of sustainability and the 

identification of areas that require improvement. 

LCA investigations quantify a range of factors such 

as air pollution, waste generation, water and energy 

consumption, carbon emissions, and ecosystem 

degradation, providing valuable insights for 

sustainable decision-making. [3, 4, 5, 6]  
 

Table 1: Interpretation of LCA [7, 8, 9] 

Condensation Hypothesis Interpretation 

LCA Life Cycle 

Assessment 

Compiling, evaluating the 

process, achievement and 
inherent environmental effects 

the life cycle of a product 

system. 

LCI Life cycle 
inventory 

analysis 

This stage of the life cycle 
evaluation comprises gathering 

and measuring a product's 

inputs and outputs across the 
course of its existence. 

LCIA Life cycle 

impact 
assessment 

This phase of the life cycle 

assessment process aims to 
understand and evaluate the 

potential environmental 

impacts associated with a 
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product system at every stage 

of its life cycle. 

ILCD International 
reference 

life 

cycle data 
system 

The ILCD comprises of two 
main components: the ILCD 

data network and the ILCD 

handbook. This foundation 
facilitates governments and 

enterprises in ensuring the 

constitution and stability of the 
life cycle data, procedures and 

evaluations, simplifying the 

process for stake holders. 

LCEA: Life Cycle Energy Analysis, a primarily 

examines energy sources and results associated with 

a material or product over the course of its entire 

cycle, shedding light on energy efficiency by 

detailing energy flows at each life cycle stage. 

LCA methodologies have been for a employed to 

appraise environmental impacts in various 

industries, while their application in the field of 

building development has been cutting edge 

compared to earlier two decades. [10, 11]  

 
Figure 1: Diagram illustrating the general life cycle of upshot 

(Dashed arrowheads depict information movements, as through 

solid arrowheads depict material and energy flows) [12] 

 

A building uses direct energy during its building, 

overseeing, renovating, and demolishing phases 

conversely it uses indirect power during the 

manufacturing of materials for its technical 

installations and construction. [13]  

2. A SUMMARY OF LIFE CYCLE 

ASSESSMENT (LCA) AND LIFE CYCLE 

ENVIRONMENTAL ASSESSMENT (LCEA) 

The object is to give a thorough numerical evaluation 

to support informed decision-making and identify 

openings for perfecting the ecological sustainability 

of outputs and conditioning. Figure – 1, represents 

the idea of a product's life in a simplified manner, or 

what is generally referred to as a "life cycle," the 

stages consist of several interconnected phases 

during the end-of-life stage, including loops 

representing activities such as recycling and reusing 

post-consumer products, as well as recycling 

manufacturing scrap. Figure illustrates the recurrent 

character of these procedures and highlights the 

possibility of waste reduction and reference 

conversation through sustainable practices. [12] 

As shown in Table 2, the ISO 14000 series 

provides a standardized framework and terminology 

for conducting life cycle assessment (LCA), yet it 

may not always offer practical guidance. The phases 

of LCA, outlined in ISO 14040 are depicted in the 

accompanying Figure 3. Typically, the phases of 

LCA encompass the following components: 

LCI: Life Cycle Inventory, during this stage, 

statistics pertaining to components and vitality 

inputs, besides the release and waste production, 

related with each phase of the lifespan of an item, is 

collected. [14] 

 
Figure 2: Illustrates an environmental impact analysis of 

discardable and recyclable personal shielding equipment using 

item life cycle approach, as referenced [12] 

 
Figure 3: The Stages of a LCA as per EN ISO 14040:2006 [13] 

 

Table 2: The Standardized Framework and terminology for 

conducting LCA 

 

ISO 14040:1997 

The Principles and Structure of 

life cycle assessment (LCA) 

ISO 14041:1998 LCA involves Goal and scope 

as well as invention 

ISO 14042:2000 LCA and its environmental 
assessment 

ISO 14043:2000 Evaluation of the life cycle 

through LCA 
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ISO/TR 14047 Applying ISO 14042 in life 

cycle assessment 

 
ISO/TS 14048:2002 

The format for documenting life 
cycle assessment data 

 

 
Figure 4: LCEA, as accepted from Ramesh et al. [17] and Dixit 

et al. [18]. 

 
Figure 5: Relationship between lifecycle assessment and 

sustainability in civil engineering 

 

During the 1990s, ISO introduced an 

environmental standard within its 14000 series, 

specifically targeting the growth of LCA 

technologies through the 14040 series. [7, 8]  

Other international organizations have also 

adopted comparable strategies. [9, 19] 

ISO is characterized by structured, repetitive 

approach consisting of four key stages for 

conducting life cycle assessments. These stages 

encompass the life-cycle impact assessment (LCIA), 

inventory analysis, defining aim and scope, and 

interpretation (Figure 3 and Table 1). 

3. METHODOLOGICAL APPROACHES FOR 

ASSESSING ENVIRONMENTAL IMPACTS 

OF CONSTRUCTION MATERIALS 

THROUGH LIFE CYCLE ASSESSMENT 

(LCA) AND LIFE CYCLE ENVIRONMENTAL 

ASSESSMENT (LCEA) 

 Life cycle assessments (LCAs) of building 

materials entail methodological techniques that 

involve several important components. The primary 

aim of inventory analysis is to quantify emissions, 

outputs, and inputs throughout the lifespan of a 

product. Impact assessments evaluate environmental 

effects by analyzing variables such as the amount of 

water and energy used, and the emissions of 

greenhouse gases associated with these inputs and 

outputs.  

By expressing the results in standardized units, 

interpretation and normalization frequently aid in 

understanding and comparison of the data. The 

breadth of the evaluation and the way in which 

impacts are distributed across co-products are 

determined by allocation techniques and system 

boundaries. Sensitivity and uncertainty analysis 

evaluate the robustness and dependability of the 

findings. Sustainable decision-making is aided by 

these methodological factors, which allow for more 

thorough and accurate environmental evaluations of 

construction materials. 

 
Figure 6: Visual representation illustrating life cycle of 

construction products [23] 

 

During inventory analysis, a broad spectrum of 

data is collected, encompassing resource utilization, 

energy consumption, water usage, emissions 

released into the generation of waste materials. [20, 

21, 22] 

 Regarding Figure 7, this involves the segregation 

of materials, their subsequent processing and 

production, transport phases, utilization, eventual, 

waste management procedures, disposal methods, 

and techniques. 

 Figure 7 shows Life Cycle Assessment (LCA) is a 

useful tool for evaluating implicit environmental 

effects associated with a product. It allows for a 

thorough evaluation of environmental goods at every 

stage of the life cycle of structural accessories. 

The foundational principle of LCA lies in the 

evaluation and mitigation of impacts correlated with 

diverse components and steps associated with the life 

cycle of construction products. Pollutant releases and 

resource and energy consumption are part of every 

process activity in the life cycle. Figure 8 shows how 

the inputs and outputs vary among various activities 

[23].  
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Figure 7: Process for Applying LCA to Construction products 

[23] 

 
Figure 8: Primary Environmental affects Throughout the 

Lifecycle of Building Materials [23] 

4. AN OVERVIEW OF LIFE CYCLE 

ASSESSMENT (LCA) AND LIFE CYCLE 

ENVIRONMENTAL ASSESSMENT (LCEA) 

RESEARCH ON CONSTRUCTION 

MATERIALS 

 Figure 9 illustrates the system boundary of the 

concrete life cycle assessment (LCA). The objective 

of LCA research is to quantify the environmental 

implications involved with cement and concrete 

production, encompassing components for instance 

energy and water consumption, carbon emissions 

and various other indicators. These studies reserve 

beneficial insights into theoretic areas for 

enhancement, suggesting strategies such as energy-

efficient technologies telecommunications, 

implementation of regenerate processes and 

exploration of alternative materials. These measures 

aim to mitigate the environmental footprint 

associated with essential building materials. 

 
Figure 9: System boundary of concrete LCA [24] 

 

Figure 10: Life-cycle Impacts of Cement Production Processes 

[24] 

Clinker manufacturing, a crucial phase in cement 

product known for its expressive environmental 

impacts, receives particular attention in LCA studies. 

These assessments focus on analyzing emissions of 

carbon dioxide, energy consumption, and air linked 

with clinker output. Strategies explored in these 

studies include optimizing operation constant, 

incorporating substitute primary components and 

accomplishing emission decline inventions to reduce 

this effects. Figure 9 illustrates LC impacts of 

cement manufacturing processes. 

Figure 11 depicts the concrete production processes 

along with their corresponding life-cycle 

implications. LCA investigations scrutinize the 

concrete manufacturing processes, encompassing 

mixing, transportation, and placement. Another area 

of interest for LCA research is the concrete building 

stage, which includes tasks like formwork, 

reinforcing, and curing. The goal of these studies is 

to find ways to implement more environmentally 

friendly building methods, such as cutting waste, 

using creative approaches, and managing resources 

well. 

Research utilizing life cycle assessments (LCAs) 

sheds light on the environmental affect allied with 

the creating, utilization and disposal of mix metals. 

Figure 12 delineates framework barriers for LCA of 

steel manufactured an interlaced steel plant situated 

in Italy [25].  
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Figure 11: Impacts of Concrete Production Processes Across the 

Life Cycle [24] 

 
Figure 12: Even byproducts falling outside the designated 

boundaries (indicated by dashed lines) are susceptible to 

environmental impacts. (BF denotes blast furnace, PCI represents 
pulverized coal injection, and BOF stands for simple oxygen 

furnace sometimes referred to as LD conversion) [25] 

Life Cycle Assessments (LCAs) enable the 

examination of the environmental footprint of wood 

and timber outputs around their life cycle. These 

analyses encompass the eradication of raw materials, 

clarifying, manufacturing, utilization and eventual 

converting stages. Studies on life cycle assessment 

(LCA) have highlighted the regenerative qualities 

and minimal environmental effect of wood when 

compared to other building materials. Additionally, 

they have noted that in order to reduce environmental 

effects, sustainable forest management techniques 

and ethical sourcing are crucial. Figure 13 depicts the 

entire life cycle, starting from tree growth to wood 

disposal, enabling comprehensive understanding and 

analysis effect of the environment. 

Figure 14 displays the production system boundaries 

for transparent wood. Blue-colored boxes depict the 

methods employed in producing translucent wood, 

while yellow-colored caskets illustrate the fabricated 

wood forms. Orange-colored caskets with orange 

arrows denote the energy sources utilized during 

manufacturing, whereas green-colored caskets with 

green arrows signify the chemicals exercised for 

delignification process and infiltration. 

The graphic clearly indicates the procedures 

involved in producing translucent wood:  

(1) harvesting and processing of the wood,  

(2) delignification and  

(3) infiltration. 

 
Figure 13: Complete life-cycle, spanning from tree regeneration 

to wood disposal [26] 

 
Figure 14: The production system scope for transparent wood 

[27]. 

5. STANDARDIZATION AND ALIGNMENT 

OF LIFE CYCLE ASSESSMENT METHODS 

Ensuring reliability and consistency in sustainability 

assessments across the industry requires 

standardized and harmonized LCA techniques for 

building materials. To achieve this, it's essential to 

consider the following points for standardization and 

harmonization of LCA methodologies: 

The establishment of methodological consistency is 

of utmost importance for Life Cycle Assessment 

(LCA) research. This entails establishing common 

system barriers, operable divisions, techniques for 

impact assessments, and specifications for data 

quality. To ensure methodological consistency, it is 

recommended to adhere to standardized principles 

and standards like ISO 14040 and ISO 14044. 

Inventory Data Collection: To guarantee the 

precision and comparability of LCA results, data 

collection techniques must be standardized. 

Consistent data gathering for building materials can 

be facilitated by creating databases and reference 

data for the entire industry. 
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Global Collaboration: Achieving harmony in LCA 

techniques for building materials on a global scale 

hinges on international collaboration. By fostering 

partnerships among nations, academic bodies, and 

industry associations, the exchange of expertise, best 

practices, and insights can be facilitated. The 

overarching aim of such collaborations should be to 

converge and align with established international 

standards and guidelines. 

The construction sector stands to gain from 

uniform and similar sustainability evaluations 

through the promotion of standardization and 

harmonization of life cycle assessment techniques. 

This makes it possible to make well-informed 

decisions, makes benchmarking easier, and 

encourages the creation of more environmentally 

friendly building techniques and materials. 

6. A GLOBAL PERSPECTIVE AND 

IMPLICATIONS FOR HUMAN HEALTH 

To fully comprehend the sustainability 

performance of construction materials, life cycle 

assessment (LCA) must take social factors and 

human health effects into account. When 

incorporating these elements into LCA, keep the 

following points in mind: 

Social Life Cycle Assessment: SLCA evaluates 

the socio-economic and societal impacts allied 

throughout a product’s life cycle. That examines 

factors say labor circumferences, stakeholder 

engagement, human rights and community welfare. 

By integrating SLCA into LCA studies, we acquire 

deeper grasp the social consequences of building 

materials, including their impact on workers, local 

folks and broader society. 

Methodological Development: More work is 

needed to develop impact assessment methods that 

consider the effects on human health as well as social 

aspects. This calls for enhancing toxicity indicators, 

characterization models and liability computation 

methods for compounds of worry found in building 

construction. The comprehension of possible health 

effects can be improved by combining viral proof 

and risk opinion techniques. 

Enhancing the sustainability assessment of 

construction materials involves integrating social 

considerations and impacts on human health into life 

cycle assessments (LCAs), leading to a more holistic 

evaluation. Decision-making is aided by this 

integration, which also encourages ethical behavior 

and the creation of more environmentally and 

socially responsible building materials and 

procedures.  

7. INTEGRATING LCA STUDY WITH 

INDUSTRY REHEARSALS TO CLOSE THE 

INTERVALS 

To effectively integrate sustainable concepts into 

practical decision-making, bridging the interval 

among LCA study and industrial practices is 

paramount. Here are key elements that can aid in 

closing this gap: 

Enhancing the comparability and reliability of life 

cycle assessments (LCAs) begins with standardizing 

and harmonizing LCA methodology, data 

assembling protocols and presenting formats. 

Priority should be given to developing industry-

specific standards and guidelines that synchronize 

with global structures like ISO-14040 and ISO-

14044. It is possible to promote knowledge exchange 

and guarantee the uniform use of LCA in industry 

practices by bringing various LCA practitioners and 

organizations together in harmony. 

Without the need for in-depth knowledge of LCA 

methodology, practitioners can conduct expedited 

LCA evaluations and make well-informed 

sustainability decisions with the help of convenient 

software that is fused with facts particular to their 

sector. Education and Skill Development: Industry 

enthusiasts can boost their comprehension of LCA 

principles and approaches through educational 

initiatives, training sessions, and capacity-building 

activities. Empowering professionals to integrate 

Life Cycle Assessment (LCA) into their liable 

development involves participation in workshops, 

webinars, and training programs aimed at bridging 

knowledge gaps. 

Showcasing Business Benefits: Encouraging 

sector-interested parties to combine LCA entering 

the operations involves accentuating the business 

treasure and competitive advantages affiliated with 

its enactment.  

8. PRIORITIES FOR FUTURE RESEARCH 

Selecting future research objectives for LCA in 

building materials is essential to bolster green 

exercises in the construction sector. Emphasis on the 

following critical areas is warranted: Future research 

endeavors should prioritize the advancement and 

enhancement of LCA methodologies tailored to 

building materials. Additionally, to ensure a 

comprehensive sustainability evaluation, focus 

should be placed on integrating sociable and 

economic dimensions into LCA configuration for 

building construction. Contextualization and 

Regionalization: The environmental effects of 

construction materials may differ significantly 

between locales due to dissimilarity in waste 

management practices, energy cradle and travel 

ways. 

 The ongoing enhancement of data quality, 

accessibility, and robustness is crucial for LCA of 

construction materials. Given the building industry's 

shift towards annular economy strategies, imminent 
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study should inspect LCA ramifications of material 

retrieval, recycle and salvaging techniques. 

Furthermore, it's imperative to emphasize 

stakeholder engagement containing designers, 

producer, policymakers and patrons in the LCA 

action. Addressing these research areas can propel 

the advancement of LCA in building materials, 

providing essential insights for environmentally 

conscious decision-making within the construction 

sector. 

9. CONCLUSIONS 

This review study provides worthless wisdom into 

the methodologies, comparable analyses and 

prospective pathways for LCA within the realm of 

building materials. The article underscores 

significance of LCA in assessing the environmental 

influence of construction materials. Through an 

exploration of various LCA techniques and tools, it 

underscores the imperative for standardized methods 

to pledge consistency and alikeness of conclusion. 

All things considered, this review article offers 

scholars, professionals, and decision-makers 

working in sustainable construction a thorough 

resource. By following these suggestions, the 

building sector may transition to more 

environmentally friendly methods and help create a 

constructed environment that uses resources more 

wisely. 

REFERENCES 

[1] Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt 

KB, Tignor M, Miller HL, editors. Contribution of working 
group I to the fourth assessment report of the 

intergovernmental panel on climate change. Cambridge, 

United Kingdom and New York, NY, USA: Cambridge 
University Press; 2007. 

[2] Houghton JT. Climate change 2001: the scientific basis. 

[3] Sharma A, Saxena A, Sethi M, Shree V, Varun. Life cycle 
assessment of buildings: a review. Renewable & Sustainable 

Energy Reviews 2011; 1:871–5. 

[4] A. Korre, Z. Nie, S. Durucan, Life cycle modelling of fossil 
fuel power generation with post-combustion CO2 capture. 

Int. J. Greenh. Gas. Control 4 (2) (2010) 289–300.  

[5] Kuo, N.W., & Chen, P.H. (2009), Journal of cleaner 
production, 17(15), 1324–1330.  

[6] Mostafaei, H., Keshavarz, Z., Rostampour, M.A., 

Mostofinejad, D., & Wu, C. (2023, July). Life Cycle 
Assessment, Carbon Footprint Analysis, and Life Cycle 

Costing are used to evaluate the sustainability of a concrete 

gravity dam. Within Structures (Vol. 53, pp. 279–295). 
Elsevier. 

[7] ISO 14040:2006. Environmental management – life cycle 

assessment – principles and framework. CEN (European 
Committee for Standardisation), Brussels. 

[8] ISO 14044:2006. Environmental management – life cycle 

assessment – requirements and guidelines. CEN (European 

Committee for Standardisation), Brussels. 

[9] EC-JRC-IES. Handbook of the International Reference Life 
Cycle Data System (ILCD). Detailed guidelines for life cycle 

evaluation in an overall guide. First edition, European 

Commission – Joint Research Centre – Institute for 
Environment and Sustainability; 2010. 

[10] Buyle M., Braet J., Audenaert A. Review of life cycle 

evaluation in the building industry. Reviews of Sustainable 
and Renewable Energy 2013; 26:379–88. 

[11] Singh A, Berghorn G, Joshi S, Syal M. Review of life-cycle 

assessment applications in building construction. Journal of 
Architectural Engineering 2011; 1:15–23. 

[12] G. Rebitzer, T. Ekvall, R. Frischknecht, D. Hunkeler, G. 

Norris, T. Rydberg, W.P. Schmidt, S. Suh, B.P. Weidema, 
D.W. Pennington, Life cycle assessment: Part 1: Framework, 

goal and scope definition, inventory analysis, and 

applications. Environ. Int. 30 (5) (2004) 701–720. 
[13] Sartori I, Hestnes AG. Review article on the usage of energy 

in the life cycle of conventional versus low-energy buildings. 

Energy and Buildings 2007; 3:249–57. 
[14] J. Reap, F. Roman, S. Duncan, B. Bras, A survey of 

unresolved problems in life cycle assessment: Part 1: goal and 

scope and inventory analysis. Int. J. life Cycle Assess. 13 
(2008) 290–300. 

[15] Snigdha, M., Hiloidhari, M., & Bandyopadhyay, S. (2023). 

Environmental consequences of both reusable and disposable 
personal protective equipment: a body coverall product life 

cycle analysis. Journal of Cleaner Production, 394, 136166. 

[16] Suffian, S., Sidek, A., Matsuto, T., Al Hazza, M., Md Yusof, 
H., & Hashim, A. (2018). A case study on the greenhouse gas 

emissions from the production of grill chickens in Malaysia 

utilising life cycle assessment guidelines. International 
Journal of Engineering Materials and Manufacture, 3, 87–97. 

[17] Ramesh T., Prakash R., Shukla K. K. Life cycle energy 

analysis of buildings: an overview. Energy and Buildings 
2010; 10:1592 600. 

[18] Dixit, M. K., Culp, C. H., and Fernández, J. L. Determination 

of embodied energy parameters. 

[19] EC-JRC-IES. Handbook of the International Reference Life 

Cycle Data System (ILCD). Detailed guidelines for life cycle 

evaluation in an overall guide. First edition, European 
Commission – Joint Research Centre – Institute for 

Environment and Sustainability; 2010. 

[20] M. Avraamides, D. Fatta, Resource consumption and 
emissions from olive oil production: a life cycle inventory 

case study in Cyprus. J. Clean. Prod. 16 (7) (2008) 809–821. 
[21] Kim, M.H., & Kim, J.W. (2010). Comparison of food waste 

disposal solutions from the perspectives of resource recovery 

and global warming through an LCA evaluation analysis. 
Science of the Total Environment, 408(19), 3998–4006. 

[22] A.P. Gursel, E. Masanet, A. Horvath, A. Stadel, Life-cycle 

inventory analysis of concrete production: a critical review. 
Cem. Concr. Compos. 51 (2014) 38–48. 

[23] Huang B., Gao X., Xu X., Song J., Geng Y., Sarkis J., 

Fishman T., Kua T., Nakatani J., A life cycle thinking 
framework to mitigate the environmental impact of building 

materials. One Earth 3 (5) (2020) 564–573. 

[24] T. Kim, S. Lee, C.U. Chae, H. Jang, K. Lee, Development of 
the CO2 Emission Evaluation Tool for the Life Cycle 

Assessment of Concrete, Sustainability 9 (11) (2017) 2116. 

[25] P.A. Renzulli, B. Notarnicola, G. Tassielli, G. Arcese, R. Di 
Capua, Life Cycle Assessment of steel produced in an italian 

integrated steel mill, Sustainability 8 (8) (2016) 719. 

[26] K. Sahoo, R. Bergman, S. Alanya-Rosenbaum, H. Gu, S. 
Liang, Life cycle assessment of forest-based products: a 

review. Sustainability 11 (17) (2019) 4722. 

[27] R. Rai, R. Ranjan, P. Dhar, Life cycle assessment of 
transparent wood production using emerging technologies 

and strategic scale-up framework. Sci. Total Environ. 846 

(2022), 157301. 

ABBREVIATIONS 

• LCA: Life Cycle Assessment, 

• LCEA: Life Cycle Energy Analysis (Life Cycle 

Environmental Assessment), 

• LCI: Life cycle inventory analysis, 

• LCIA: Life cycle impact assessment, 

• ILCD: International reference life cycle data system. 


