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ABSTRACT 
 Social impact analysis urgently needs attention in various 

sectors due to its critical roles in enhancing sustainability 

benefits. Properly assessing social impacts requires a consistent 

set of guidelines and requirements to reduce the practitioners’ 

bias. Life cycle assessment (LCA) is a widely recognized method 

that can be utilized to quantitatively assess three dimensions of 

sustainable development in an integrated manner. This study 

proposes an open-source tool for social impact analysis, that 

particularly evaluates work environment health impacts, 

following the LCA-defined principles, framework, requirements, 

and guidelines for sustainability assessment. The proposed tool 

in this study can quantify the social impacts and determine the 

categories that are being affected either negatively or positively. 

In addition, this study provides an overview of the existing social 

impact assessment approaches, identifies the critical challenges 

of the current techniques, and highlights opportunities for 

continued research to achieve more effective solutions. As of yet, 

a reliable and open-source tool has not been achieved to help 

decision-makers in both academia and industry. Thus, we 

developed a web-based tool for assessing social impacts in eight 

domains by allowing the use of multiple metrics and comparing 

two processes. 

Keywords: Sustainability, Life Cycle Assessment, Social 

Impacts Assessment, Design, Manufacturing, Open-source Tool. 
 

1. INTRODUCTION  
1.1. Motivations and Challenges 

Over the last century, the global population has grown 400 

percent, the standard of living has increased 10-fold, and the 

desire to efficiently utilize natural resources for future 

generations usage has stimulated research efforts in sustainable 

developments. Due to the nature of these facts, the planet cannot 

sustain society’s collective lifestyle mostly because of a failure 

to properly manage industrial activities over recent decades [1].  

Environmental and economic sustainability has received the 

most research over the recent decades, with the social aspects 

just gaining ground since the late 2000s [2]. Properly assessing 

the three dimensions of sustainability (i.e., social, economic, and 

environmental) for various technologies, products, and services 

can reduce an excessive weight on the earth, its natural resources, 

and livable areas [3–5].  

LCA is a proven method that can be utilized to quantitatively 

assess three dimensions of sustainable development in an 

integrated manner [6]. LCA is a widely recognized method that 

provides principles, framework, requirements, and guidelines for 

sustainability assessment. Many organizations worldwide have 

applied the LCA method, such as International Organization for 

Standardization, United Nations (UN) Environment Program, 

and the Society for Environmental Toxicology and Chemistry 

[7]. Therefore, sustainability assessment using the LCA method 

as a standard procedure is essential to reduce practitioner bias 

and be consistent with the set of guidelines and requirements. 
 

1.2. Background  

LCA method investigates the impacts on the environmental, 

economic, and social aspects (known as three pillars of 

sustainability) of technology, product, or service life cycle. 

Figure 1 presents dimensions of sustainable development in an 

integrated manner, including 1-dimensional aspects (i.e., 

environmental, economic, and social) and 2-dimensional aspects 

(i.e., eco-environmental, socio-economic, and socio-

environmental). There are four phases necessary to complete 

LCA, which are goal and scope definition, life cycle inventory 

analysis, life cycle impact assessment, and interpretation [8]. The 

starting point to LCA is defining the scope and system boundary 
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in order to realize which unit processes are being analyzed. 

Defining a functional unit is equally important at the beginning 

of the analysis to provide a quantified description of the function 

of a product that serves as a reference point for all calculations 

during the impact assessment phase [9]. 

Economic assessment. Earlier studies employed various 

techniques (e.g., cost-benefit analysis, input-output analysis, and 

cash flow analysis) to better understand whether a process or 

system is sustainable and cost-effective before political or 

business policies are created [10–14]. Emerging technologies, 

such as wastewater treatment methods and rare earth elements 

recovery, have begun to utilize life cycle costing to meet the 

market needs and enhance sustainability benefits [15,16]. 

Available tools that currently exist to aid with this analysis are 

the OpenLCA software and the International Reference Life 

Cycle Data System [17,18]. Recently, this type of analysis has 

been paired with both of the other aspects of LCA in which to 

form a more holistic approach to gaining accurate data. For 

example, Bait (2019) conducted an eco-environmental impact 

assessment of a tubular solar water heater. Their results show that 

the proposed system can reduce the costs and payback period, 

and environmental impacts compared to the current design [19].  

Environmental impacts assessment. Earlier studies 

employed different environmental impacts assessment methods 

(e.g., system analysis, scenario analysis, substance flow analysis, 

and root-cause analysis) to acquire information on the effects 

associated with all stages of a product, process, or system life 

cycle. This information is calculated by utilizing material and 

energy requirements and emissions to air, water, and soil [20–

22]. He et al. (2017) recently conducted a study and assessed the 

long-term environmental effects of organic rice production in 

subtropical China. Their results show that conventional rice 

production had ten times the environmental impacts as organic 

production methods [23]. Tassielli et al. (2017) investigated the 

environmental impacts of cherry production in the Apulian 

Region of Italy, and they recommended changes to the current 

methods to become more sustainable [24]. More recently, 

Moretti et al. (2020) assessed the environmental impacts in the 

process of converting used cooking oil to renewable fuels and 

other bio-based materials [25].  

Social impacts assessment (SIA). There are several 

qualitative and quantitative methods for SIA, such as cultural 

impact analysis, stakeholder acceptance analysis [26]. Earlier 

studies defined social indicators and metrics for different 

stakeholders [27–29]. Petti et al. (2018) conducted a systematic 

literature review on SIA, classified the existing methods, and 

highlighted the strengths and weaknesses [30]. Siebert et al. 

(2018) conducted an SIA study on wood-based products in 

Germany. They were able to establish a set of social indicators 

to use as a starting point by screening global wood-related 

sustainability standards, analyzing SLCA case studies, 

conducting stakeholder interviews [7]. Recently, Padilla-Rivera 

and Guereca (2019) conducted a study in which four wastewater 

treatment plants were ranked utilizing fuzzy logic analysis with 

respect to all three pillars of sustainability [31]. 
 

1.3. Objective and Scope 

LCA is a highly useful tool that was created in the 1960s and 

has been further developed in some fashion in the following 

decades. However, environmental and economic studies have 

been the driving factors, and have therefore received the majority 

of development over the decades. The primary focus of this study 

is to review the conducted socio-environmental impacts 

assessment studies and more particularly, the developed 

methods, case studies, applications, and outcomes. The specific 

objectives of this study are to (1) investigate the current state-of-

the-science and gain an in-depth understanding of intricacies, (2) 

highlight the potential paths for future directions, and (3) 

propose an open-source, web-based tool for SIA, using LCA 

phases. A case study is used to demonstrate the application of the 

proposed tool and verify the method for assessing various social 

domains (e.g., education, health, connection to nature, cultural 

fulfillment, leisure time, living standards, and social cohesion). 

This study provides the most up-to-date review of social impact 

assessment methods, databases, and tools that have been 

developed during the past two decades. Qualitative methods, 

including surveys and interviews, have been used extensively in 

 
Figure 1. Sustainability assessment pillars and metrics  
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previous studies; however, more recent studies have explored the 

use of quantitative methods due to consistency and reliability in 

impacts assessment procedures and metrics. 
 

2. MATERIALS AND METHODS 
The presented tool in this study utilizes the standard LCA 

structure defined in ISO 14040. Figure 2 presents the proposed 

tool functionality as it relates to the standard LCA method 

framework. The structure is partnered with a unique 

mathematical model that is used to calculate an indicator score, 

as well as a domain score to provide easy-to-understand results 

of the largest improvement areas.  
 

 
Figure 2. Structure of proposed SLCA tool embedded in 

LCA framework 
 

Access to databases is a base functionality of this tool to aid 

decision makers in locating necessary information quickly. This 

tool comes as open-source software for LCA and sustainability 

assessment. It has been developed by the University of Idaho’s 

Renewable and Sustainable Manufacturing Lab (RSML) 

Research Group (https://webpages.uidaho.edu/rsml/lca.html) 

[32]. As open-source software, it is freely available, without 

license costs. The source code can be viewed and modified by 

anyone. Furthermore, the open-source nature of the software 

makes it very suitable for use with sensitive data. The software 

and any models created can be shared freely. In addition, the 

simplicity compared to other exhaustive tools (e.g., SimaPro, 

GaBi, and OpenLCA) makes it also suitable for educational 

purposes, especially for those tools that are not open source. 

Phase 1 (Define the goal and scope of the LCA). The 

purpose of the LCA and the goal of each study should be defined 

within Phase 1. The scope of the study should be defined, which 

can include: function, functional unit, reference flow, system 

boundaries, data categories, inputs and outputs, and data quality.  

Phase 2 (Life Cycle Inventory). Phase 2 collects data for 

inputs, either by utilizing the provided databases or creating a 

custom database with values determined by the proper 

organization and/or department. The developed tool allows users 

to create a database using pre-programmed indicators or 

importing their own database as a CSV file. This option enables 

users to either apply the developing team’s expertise or 

customize what type of information is most useful for their 

research. The access to existing databases is out of the scope of 

this work. The authors leave it to the discretion of each user to 

either create a database or acquire one. 

If the user prefers to move forward with the predefined 

database option, the simple act of creating a database is all that 

is needed. The data that has been selected for each indicator is as 

follows: Metric Name, Location where research is taking place, 

Score assigned to the metric, and Total Score possible for that 

metric. When entering information into the specific fields, it is 

important to note that adding a new process will not eliminate 

the data that has been entered into the fields, but will roll the 

processes number up a digit with a maximum of two processes. 

Therefore, once the “Add new process” option has been selected 

the data will need to be updated for the next process and the 

option will need to be selected again to save the data. Utilizing 

different processes will allow users to compare current with 

proposed processes. Such comparison is valuable as it can 

demonstrate the advantages of newer processes and data over 

already established ones. This tool also provides the feature of 

adding a new record, enabling the user to input various metrics 

for each indicator. Once the information has been included in the 

table, it can also be exported as a CSV file, which allows the user 

to manipulate data and then import it back into the tool or keep 

records of what information has been utilized at any point in the 

project. This tool offers users the option to import their database 

in the form of a CSV file. Similar to the previous database option, 

the functionality is available to add a CSV file for up to two 

processes. 

Phase 3 (Life Cycle Impact Assessment). Phase 3 

determines if the predefined mathematical model will provide 

the desired results or if a custom mathematical model is required 

to provide the appropriate result. The custom mathematical 

model is a feature that will be coming in the future. The current 

mathematical model utilizes a weighted approach to normalize 

the calculation. Values for each metric are combined to create an 

indicator (k) score for a given process or product using Eq. (1), 

where 𝑛𝑚 represents the number of metrics, 𝑛𝑖 represents the 

number of locations, 𝑤𝑖  represents the population weight for 

location i, and 𝑥𝑚𝑖  represents the metric value for location i and 

metric m combination. 
 

LCA Phases Method Implementation
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𝑋𝑘̅̅ ̅ =
∑ ∑ 𝑤𝑖𝑥𝑚𝑖

𝑛
𝑖=1

𝑛
𝑚=1

𝑛𝑚
 

(1) 

 

The weight value is calculated for each metric by dividing 

the Total Score possible by the Score given for that metric in a 

particular location. That weight is then multiplied by the Score 

to calculate the metric value. The sum of the metric values is 

calculated and divided by the total number of metrics to provide 

the indicator value. Once the method has been selected, the 

results for the calculation will appear in the results section next 

to the appropriate process. 

The US Environmental Protection Agency developed a 

human wellbeing index that assesses the wellbeing of a given 

population [33]. As part of this index, a formula was developed 

to provide a weighted quantitative result to present indicator and 

domain scores, as shown in Equation (1). The proposed tool 

adapted these equations to provide an easy-to-understand 

mathematical model to complete Phase 3. The output of this 

model provides a quantitative value and a visual representation 

of that same data to complete Phase 4.  

Phase 4 (Result Interpretation). The results calculated in 

Phase 3 will be numerically and graphically represented in order 

to compare processes or products. A report can also be generated 

to combine all phases of the LCA into a single PDF document 

for easy and quick dispersion of documentation study. The 

graphically represented data is dynamic and will allow the user 

to gather numerical values by hovering over the desired 

indicator. The user also has the option to manipulate, which 

indicators are shown in the graph and may be useful if numerical 

values span an extensive range and some may appear as 

nonexistent until shown alone.  

The final step in the process is to generate a PDF report of 

the information input into the tool. The PDF will include various 

information, namely Name of the project, Name and email of 

performer, Phase 1 (Goal and Scope Definition), Phase 3 (LCIA) 

Method Chosen and indicator results, and Phase 4 (Graphical 

Display of Indicator Results). 
 

3. CASE STUDY AND RESULTS 
This section includes a case study for demonstrating the 

application of the developed SLCA tool. It is important to ensure 

all of the components listed in the bullet point have been 

addressed in the statement for a clear representation of the study. 

This information will also be provided in the final report, as 

shown in Figure S1 in Supplementary Materials. 

A set of metrics, locations, scores, and total scores are 

presented in Figure 3. These are retrieved from actual federal 

government agency databases for the following indicators: 

Health, Education, and Safety. Table S1 (in Supplementary 

  
Figure 3. Case Study Phase 2 (LCI) for process 1 (left) and process 2 (right) 



 

 5 © 2022 by ASME 

Materials) outlines many US government agencies that can 

provide data for various indicators and metrics, as well as 

research articles when government agencies did not provide 

information in a specific area. Links to these databases are 

available to aid user-friendliness.  To input multiple metrics, the 

“Add new record" button needs to be selected. Once this 

information is entered into the table, the add new process button 

can be selected to save that data into memory for use in the 

calculation phase. 

With the addition of a new process, the process’s quantity 

value will increase, and the data will be saved to memory for use 

in the Phase 3 calculation. At this point, it should also be noticed 

that a new button appears with the name "Export as CSV." This 

can be used to export the data that has been added, into a CSV 

file that can be opened and manipulated as necessary by the 

study. 

Figure 4 shows what to expect in Phase 4 after the 

calculation has been completed in Phase 3. The indicator scores 

are represented graphically and are color-coded to aid in 

identifying indicators quickly. This representation is dynamic 

and will provide numerical data simply when hovering over one 

of the data sets. Another feature of the dynamic representation is 

that indicators can be hidden and shown by clicking on their 

name in the legend. In order to provide this information to a 

team, the “Generate” button was created that once selected, will 

print all of the information, except the values from Phase 2 into 

a PDF document that can be saved and shared throughout a 

project team, as shown in Supplementary Materials.  
 

4. DISCUSSION 
The proposed SLCA tool in this study can address some of 

the discussed issues earlier. The main focus has been on SLCA 

and providing accurate and reliable quantitative results when 

analyzing multiple products, processes, or systems. An open-

source tool helps scholars in both academia and industry to use 

it frequently, find the issues, help develop free databases, and 

improve its effectiveness due to its simplicity. The proposed tool 

herein follows the standard LCA structure by allowing the user 

to complete all LCA phases by automatically providing results 

in a predetermined format. In order to complete Phase 2, it is 

important to have access to accurate data to provide robust 

results for the use of decision making.  

According to the UN Environment Programme, the 

limitations that exist with SLCA are (a) collecting data because 

there are not many databases in existence to gather background 

data from, (b) social effects are not always quantifiable, and little 

experience exists to aggregate social effects along a life cycle, 

(c) limited experience in LCA and social science is needed to 

interpret results, and (d) stakeholder participation is critical with 

SLCA compared to other forms of LCA. The organization’s 

report concludes that although there are several issues, SLCA is 

an area that is in urgent need of attention in many industries, 

including the chemical facilities where the socio-economic 

effects of a given chemical could be assessed over the life cycle. 

Proposed methods of continued development of SLCA are as 

follows: conduct case studies, involving SLCA, environmental 

LCA (ELCA), life cycle costing (LCC). These will allow for a 

more comprehensive understanding of how the methodologies 

can be combined into an integrated approach, produce 

educational materials, develop tools, assess social acceptability 

of products, detail the stakeholders’ approach, and create models 

to present findings. Table 1 presents information on how the 

proposed tool developed as part of this study compares to the 

most common LCA tools currently available. 

Up to the time period, some efforts have been put into 

developing a quantitative approach to calculate SLCA from 

qualitative data. The earliest approaches are to assign the 

qualitative data a value that would produce a result to aid 

decision makers in creating policies. Some approaches that have 

shown promise are Mamdani’s fuzzy inference system and fuzzy 

logic analysis [34]. Mamdani’s approach is well-suited for 

human inputs and has gained widespread acceptance in many 

areas over the years since its creation, but it requires data input 

from subject matter experts, which may not be readily available 

in many industries. The fuzzy logic analysis utilizes a 

standardized and weighted approach to provide reliable results, 

but this approach has not been applied to multiple alternate 

scenarios to prove its legitimacy. 

 
Figure 4. Case Study Phase 4 for process 1 (left) and process 2 (Right) 
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Early studies have utilized existing databases, such as 3-

LENSUS, to assign values to specified indicators and applied 

that information to either the existing framework or a framework 

developed within that study to calculate impact values [35,36]. 

Recent studies have continued to build upon the existing 

frameworks developed previously and investigate other impacts 

utilizing the modified frameworks [37–39]. For example, 

Alsaffar et al. (2016) conducted research on how to improve 

social performance through a manufacturing process in a bicycle 

pedal manufacturing plant in which the worker health impact 

with relation to air freight used was calculated [40]. More recent 

studies have expanded upon the singular framework designs and 

started developing tools, such as computer applications [41,42]. 

Siebert et al. (2018) developed a framework known as regional-

specific contextualized SLCA in which a set of social indices and 

indicators is established, and a product’s social effects can be 

calculated [7]. Zimdars et al. (2018) developed a computer 

application that expands from using working hours as a single 

metric and adding biophysical pressure, reflects the negative 

influence of the degraded natural environment, and added value, 

representing the potential benefits for stakeholders due to 

financial investments. This tool is available in two options: (a) 

downloading the option with access to the social hotspot 

database and exiobase and (b) downloading the option without 

access to those databases and inputting a users’ data into the 

program [6].  
 

5. CONCLUSION 
Over the past decade, initial research has been conducted on 

SIA in many different industries (e.g., manufacturing, 

construction, and energy) and has gained popularity due to 

researchers seeing the need for a more holistic analysis than 

previously addressed. These concepts have accelerated research 

and development in finding new or integrated approaches, as 

well as identifying other sources to support widely applied 

methods, e.g., LCA. However, there is a dearth of literature, 

including a detailed assessment of each approach for SIA from 

various resources, such as case studies and literature reviews. It 

is evident that the developed SIA methods can be broken down 

into eight domains for impact analysis, which are education, 

health, connection to nature, cultural fulfillment, leisure time, 

living standards, safety and security, and social cohesion. SIA 

research has been a rapidly growing field over the last ten years. 

It is clear that continued development of mathematical modeling 

to provide accurate and robust results is necessary to make SLCA 

a more useful method for enhancing sustainability benefits. 

As of yet, a reliable and open-source tool has not been 

achieved, therefore, the opportunities remain for exploring either 

new or mixed techniques to enhance the benefits of SIA. 

Nowadays, the need to integrate all pillars of sustainability is 

essential to reveal the gaps between the methodologies of each 

pillar. This study directs future research towards the 

development of mathematical modeling with relation to not only 

SLCA, but also ELCA and LCC to address the stated 

sustainability challenges. The improved calculation methods will 

enable researchers and decision makers to make calculated 

decisions based on complex data. A fully integrated approach can 

be designed to include all sustainability pillars, which would 

allow decision makers a full picture of how well a process or 

system is being performed overall and areas that may need 

attention. Further investigation to advance SLCA techniques are 

as follows: 

➢ Exploration of mathematical modeling concepts for social 

impact analysis across various manufacturing facilities. 

➢ Exploration of the social metrics, indicators, and domains 

that may provide information from specific industries or 

processes. 

 
ACKNOWLEDGEMENTS 

The authors wish to acknowledge University of Idaho and 

Idaho National Laboratory for their support, and Ms. Meesha 

Frye for her inputs. 

 

REFERENCES 
[1] Sutherland, J. W., Skerlos, S. J., Haapala, K. R., Cooper, 

D., Zhao, F., and Huang, A., 2020, “Industrial 

Sustainability: Reviewing the Past and Envisioning the 

Future,” J. Manuf. Sci. Eng., 142(11). 

[2] Venkatesh, G., 2019, “Critique of Selected Peer-Reviewed 

Publications on Applied Social Life Cycle Assessment: 

Focus on Cases from Developing Countries,” Clean 

Technol. Environ. Policy, 21(2), pp. 413–430. 

Table 1. Prior developed LCA tools 
Tool Open-Source Databases Included User-Friendly LCA Structure Mathematical Model Report Generated Objectives Ref. 

1 2 3  

Brightway2  × ×            [25] 

BEES 4.0 ×               × [26] 

GaBi ×               × [27] 

Greet LCA ×           ×   × [28] 

LCAPIX ×           ×   × [29] 

OpenLCA                  [30] 

SimaPro ×                 [31] 

SLCA Tool × × × ×   × × ×   [3] 

TEAM ×         -     × [32] 

Umberto × ×             × [33] 

This Tool                   - 
   1: economic; 2: environmental; 3: social. 

 



 

 7 © 2022 by ASME 

[3] Mirkouei, A., 2020, “A Cyber-Physical Analyzer System 

for Precision Agriculture,” J Env. Sci Curr Res, 3, p. 016. 

[4] Hersh, B., Mirkouei, A., Sessions, J., Rezaie, B., and You, 

Y., 2019, “A Review and Future Directions on Enhancing 

Sustainability Benefits across Food-Energy-Water 

Systems: The Potential Role of Biochar-Derived 

Products,” AIMS Environ. Sci., 6(5), p. 379. 

[5] Hersh, B., and Mirkouei, A., 2019, “Life Cycle 

Assessment of Pyrolysis-Derived Biochar from Organic 

Wastes and Advanced Feedstocks,” International Design 

Engineering Technical Conferences and Computers and 

Information in Engineering Conference, American 

Society of Mechanical Engineers, p. V004T05A014. 

[6] Zimdars, C., Haas, A., and Pfister, S., 2018, “Enhancing 

Comprehensive Measurement of Social Impacts in S-LCA 

by Including Environmental and Economic Aspects,” Int. 

J. Life Cycle Assess., 23(1), pp. 133–146. 

[7] Siebert, A., Bezama, A., O’Keeffe, S., and Thrän, D., 

2018, “Social Life Cycle Assessment Indices and 

Indicators to Monitor the Social Implications of Wood-

Based Products,” J. Clean. Prod., 172, pp. 4074–4084. 

[8] Lúcio, J. F. A., 2017, “Social Life Cycle Assessment for 

Additive Manufacturing: A Review.” 

[9] Arzoumanidis, I., D’Eusanio, M., Raggi, A., and Petti, L., 

2020, “Functional Unit Definition Criteria in Life Cycle 

Assessment and Social Life Cycle Assessment: A 

Discussion,” Perspectives on Social LCA: Contributions 

from the 6th International Conference, M. Traverso, L. 

Petti, and A. Zamagni, eds., Springer International 

Publishing, Cham, pp. 1–10. 

[10] Thompson, M. A., Mohajeri, A., and Mirkouei, A., 2021, 

“Comparison of Pyrolysis and Hydrolysis Processes for 

Furfural Production from Sugar Beet Pulp: A Case Study 

in Southern Idaho, USA,” J. Clean. Prod., p. 127695. 

[11] Van Slyke, B., Mirkouei, A., and McKellar, M., 2021, 

“Techno-Economic and Environmental Assessment of 

Dairy Products: A Case Study in Southeast Idaho, USA,” 

Proceedings of ASME IDETC/CIE: 26th Design for 

Manufacturing and the Life Cycle Conference, American 

Society of Mechanical Engineers. 

[12] Struhs, E., Mirkouei, A., You, Y., and Mohajeri, A., 2020, 

“Techno-Economic and Environmental Assessments for 

Nutrient-Rich Biochar Production from Cattle Manure: A 

Case Study in Idaho, USA,” Appl. Energy, 279, p. 115782. 

[13] Mirkouei, A., and Kardel, K., 2017, “Enhance 

Sustainability Benefits Through Scaling-up Bioenergy 

Production from Terrestrial and Algae Feedstocks,” 

Proceedings of the 2017 ASME IDETC/CIE: 22nd Design 

for Manufacturing and the Life Cycle Conference. 

[14] Mirkouei, A., 2016, “Techno-Economic Optimization and 

Environmental Impact Analysis for a Mixed-Mode 

Upstream and Midstream Forest Biomass to Bio-Products 

Supply Chain,” Oregon State University. 

[15] Opare, E. O., and Mirkouei, A., 2021, “Environmental and 

Economic Assessment of a Portable E-Waste Recycling 

and Rare Earth Elements Recovery Process,” Proceedings 

of ASME IDETC/CIE: 26th Design for Manufacturing and 

the Life Cycle Conference., American Society of 

Mechanical Engineers. 

[16] Mirkouei, A., 2021, “A Sustainable Way To Mine Rare 

Earth Elements From Old Tech Devices: Agromining 

Explained,” Forbes [Online]. Available: 

https://www.forbes.com/sites/aminmirkouei/2021/05/04/a

-sustainable-way-to-mine-rare-earth-elements-from-old-

tech-devices-agromining-explained/. [Accessed: 25-May-

2021]. 

[17] Mehta, Y. D., Shastri, Y., and Joseph, B., 2018, “Economic 

Analysis and Life Cycle Impact Assessment of Municipal 

Solid Waste (MSW) Disposal: A Case Study of Mumbai, 

India,” Waste Manag. Res., 36(12), pp. 1177–1189. 

[18] Rashidi, J., Rhee, G., Kim, M., Nam, K., Heo, S., Yoo, C., 

and Karbassi, A., 2018, “Life Cycle and Economic 

Assessments of Key Emerging Energy Efficient 

Wastewater Treatment Processes for Climate Change 

Adaptation,” Int. J. Environ. Res., 12(6), pp. 815–827. 

[19] Bait, O., 2019, “Exergy, Environ–Economic and 

Economic Analyses of a Tubular Solar Water Heater 

Assisted Solar Still,” J. Clean. Prod., 212, pp. 630–646. 

[20] Miettinen, P., and Hämäläinen, R. P., 1997, “How to 

Benefit from Decision Analysis in Environmental Life 

Cycle Assessment (LCA),” Eur. J. Oper. Res., 102(2), pp. 

279–294. 

[21] Sombekke, H. D. M., Voorhoeve, D. K., and Hiemstra, P., 

1997, “Environmental Impact Assessment of 

Groundwater Treatment with Nanofiltration,” 

Desalination, 113(2), pp. 293–296. 

[22] Finnveden, G., 1999, “Methodological Aspects of Life 

Cycle Assessment of Integrated Solid Waste Management 

Systems,” Resour. Conserv. Recycl., 26(3), pp. 173–187. 

[23] He, X., Qiao, Y., Liang, L., Knudsen, M. T., and Martin, 

F., 2018, “Environmental Life Cycle Assessment of Long-

Term Organic Rice Production in Subtropical China,” J. 

Clean. Prod., 176, pp. 880–888. 

[24] Tassielli, G., Notarnicola, B., Renzulli, P. A., and Arcese, 

G., 2018, “Environmental Life Cycle Assessment of Fresh 

and Processed Sweet Cherries in Southern Italy,” J. Clean. 

Prod., 171, pp. 184–197. 

[25] Moretti, C., Junginger, M., and Shen, L., 2020, 

“Environmental Life Cycle Assessment of Polypropylene 

Made from Used Cooking Oil,” Resour. Conserv. Recycl., 

157, p. 104750. 

[26] Walters, J. R., 2021, “Social Impact Assessment Across 

Manufacturing Facilities,” PhD Thesis, University of 

Idaho. 

[27] Sutherland, J. W., Richter, J. S., Hutchins, M. J., Dornfeld, 

D., Dzombak, R., Mangold, J., Robinson, S., Hauschild, 

M. Z., Bonou, A., Schönsleben, P., and Friemann, F., 2016, 

“The Role of Manufacturing in Affecting the Social 

Dimension of Sustainability,” CIRP Ann., 65(2), pp. 689–

712. 

[28] van Haaster, B., Ciroth, A., Fontes, J., Wood, R., and 

Ramirez, A., 2017, “Development of a Methodological 



 

 8 © 2022 by ASME 

Framework for Social Life-Cycle Assessment of Novel 

Technologies,” Int. J. Life Cycle Assess., 22(3), pp. 423–

440. 

[29] Walters, J. and Mirkouei, A., 2020, “Social Life Cycle 

Assessment of Computer-Aided Design Tools,” 

International Design Engineering Technical Conferences 

and Computers and Information in Engineering 

Conference, American Society of Mechanical Engineers, 

p. V006T06A018. 

[30] Petti, L., Serreli, M., and Di Cesare, S., 2018, “Systematic 

Literature Review in Social Life Cycle Assessment,” Int. 

J. Life Cycle Assess., 23(3), pp. 422–431. 

[31] Padilla-Rivera, A., and Güereca, L. P., 2019, “A Proposal 

Metric for Sustainability Evaluations of Wastewater 

Treatment Systems (SEWATS),” Ecol. Indic., 103, pp. 22–

33. 

[32] Mirkouei, A., Makrakis, G., and Walters, J., 2022, Social 

Impact Assessment: A Web-Based Tool, Renewable and 

Sustainable Manufacturing Lab (RSML). 

[33] Summers, J. K., Smith, L. M., Harwell, L. C., and Buck, 

K. D., 2017, “The Development of a Human Well-Being 

Index for the United States,” Qual. Life Qual. Work. Life. 

[34] Pourjavad, E., and Shahin, A., 2018, “The Application of 

Mamdani Fuzzy Inference System in Evaluating Green 

Supply Chain Management Performance,” Int. J. Fuzzy 

Syst., 20(3), pp. 901–912. 

[35] Dlouhá, J., Barton, A., Janoušková, S., and Dlouhý, J., 

2013, “Social Learning Indicators in Sustainability-

Oriented Regional Learning Networks,” J. Clean. Prod., 

49, pp. 64–73. 

[36] Zhang, H., and Haapala, K. R., 2015, “Integrating 

Sustainable Manufacturing Assessment into Decision 

Making for a Production Work Cell,” J. Clean. Prod., 105, 

pp. 52–63. 

[37] Tseng, M.-L., 2017, “Using Social Media and Qualitative 

and Quantitative Information Scales to Benchmark 

Corporate Sustainability,” J. Clean. Prod., 142, pp. 727–

738. 

[38] Gregori, F., Papetti, A., Pandolfi, M., Peruzzini, M., and 

Germani, M., 2017, “Digital Manufacturing Systems: A 

Framework to Improve Social Sustainability of a 

Production Site,” Procedia CIRP, 63, pp. 436–442. 

[39] Tsalis, T., Avramidou, A., and Nikolaou, I. E., 2017, “A 

Social LCA Framework to Assess the Corporate Social 

Profile of Companies: Insights from a Case Study,” J. 

Clean. Prod., 164, pp. 1665–1676. 

[40] Alsaffar, A. J., Raoufi, K., Kim, K.-Y., Okudan Kremer, G. 

E., and Haapala, K. R., 2016, “Simultaneous 

Consideration of Unit Manufacturing Processes and 

Supply Chain Activities for Reduction of Product 

Environmental and Social Impacts,” J. Manuf. Sci. Eng., 

138(10), pp. 101009-101009–18. 

[41] Weidema, B. P., 2018, “The Social Footprint—a Practical 

Approach to Comprehensive and Consistent Social LCA,” 

Int. J. Life Cycle Assess., 23(3), pp. 700–709. 

[42] Alessandra, P., Fabio, G., Monica, P., Margherita, P., and 

Michele, G., 2018, “IoT to Enable Social Sustainability in 

Manufacturing Systems,” Adv. Transdiscipl. Eng., pp. 53–

62. 

[43] McFarland, J., Hussar, B., Zhang, J., Wang, X., Wang, K., 

Hein, S., Diliberti, M., Cataldi, E. F., Mann, F. B., and 

Barmer, A., 2019, “The Condition of Education 2019. 

NCES 2019-144.,” Natl. Cent. Educ. Stat. 

[44] U.S. Department of Education, 2019, “Adult Literacy in 

the United States” [Online]. Available: 

https://nces.ed.gov/datapoints/2019179.asp.  

[45] U.S. Department of Education, 2020, “Fast Facts: High 

School Graduation Rates (805)” [Online]. Available: 

https://nces.ed.gov/fastfacts/display.asp?id=805. 

[Accessed: 20-Nov-2020]. 

[46] U.S. Department of Education, 2019, “The Condition of 

Education - Postsecondary Education - Programs, 

Courses, and Completions - Undergraduate Retention and 

Graduation Rates - Indicator April (2020)” [Online].  

[47] Han, Y., Kim, H., Ma, J., Song, J., and Hong, H., 2019, 

“Neighborhood Predictors of Bullying Perpetration and 

Victimization Trajectories among South Korean 

Adolescents,” J. Community Psychol., 47(7), pp. 1714–

1732. 

[48] Köhler, L., and Rigby, M., 2003, “Indicators of Children’s 

Development: Considerations When Constructing a Set of 

National Child Health Indicators for the European Union,” 

Child Care Health Dev., 29(6), pp. 551–558. 

[49] Centers for Disease Control and Prevention, 2019, “Social 

and Emotional Climate” [Online]. Available: 

https://www.cdc.gov/healthyschools/sec.htm.  

[50] Gil, J. D., Ewerling, F., Ferreira, L. Z., and Barros, A. J., 

2020, “Early Childhood Suspected Developmental Delay 

in 63 Low- and Middle-Income Countries: Large within- 

and between-Country Inequalities Documented Using 

National Health Surveys,” J. Glob. Health, 10(1). 

[51] U.S. Centers for Medicare & Medicaid Services, 2020, 

“HCAHPS: Patients’ Perspectives of Care Survey | CMS” 

https://www.cms.gov/Medicare/Quality-Initiatives-

Patient-Assessment-

Instruments/HospitalQualityInits/HospitalHCAHPS.  

[52] Centers for Disease Control and Prevention, 2019, 

“FastStats - Physician Office Visits” [Online]. Available: 

https://www.cdc.gov/nchs/fastats/physician-visits.htm.  

[53] Centers for Disease Control and Prevention, 2020, “Most 

Recent National Asthma Data” [Online]. Available: 

https://www.cdc.gov/asthma/most_recent_national_asth

ma_data.htm. [Accessed: 20-Nov-2020]. 

[54] Centers for Disease Control and Prevention, 2021, 

“FastStats - Heart Disease” [Online]. Available: 

https://www.cdc.gov/nchs/fastats/heart-disease.htm.  

[55] Centers for Disease Control and Prevention, 2021, 

“FastStats - Life Expectancy” [Online]. Available: 

https://www.cdc.gov/nchs/fastats/life-expectancy.htm.  



 

 9 © 2022 by ASME 

[56] Centers for Disease Control and Prevention, 2021, 

“FastStats - Suicide and Self-Inflicted Injury” [Online]. 

Available: https://www.cdc.gov/nchs/fastats/suicide.htm.  

[57] Centers for Disease Control and Prevention, 2021, 

“FastStats - Alcohol Use” [Online]. Available: 

https://www.cdc.gov/nchs/fastats/alcohol.htm.  

[58] Centers for Disease Control and Prevention, 2020, 

“BRFSS” [Online]. Available: 

https://www.cdc.gov/brfss/index.html.  

[59] Centers for Disease Control and Prevention, 2019, “About 

Teen Pregnancy” [Online]. Available: 

https://www.cdc.gov/teenpregnancy/about/index.htm.  

[60] Centers for Disease Control and Prevention, 2020, “Data 

and Statistics | Smoking & Tobacco Use” Available: 

https://www.cdc.gov/tobacco/data_statistics/index.htm.  

[61] Blanchflower, D. G., and Oswald, A. J., 2020, “Trends in 

Extreme Distress in the United States, 1993–2019,” Am. 

J. Public Health, 110(10), pp. 1538–1544. 

[62] Levine, D. M., Landon, B. E., and Linder, J. A., 2017, 

“Trends in Patient-Perceived Shared Decision Making 

Among Adults in the United States, 2002–2014,” Ann. 

Fam. Med., 15(6), pp. 552–556. 

[63] Solé-Auró, A., and Lozano, M., 2019, “Inequalities in 

Longevity by Education Level in Spain: A Life 

Satisfaction Approach,” Soc. Indic. Res., 144(2), pp. 729–

744. 

[64] Centers for Disease Control and Prevention, 2021, 

“Asthma Surveillance Data” [Online]. Available: 

https://www.cdc.gov/asthma/asthmadata.htm.  

[65] National Cancer Institute, 2020, “Cancer Statistics” 

[Online]. Available: https://www.cancer.gov/about-

cancer/understanding/statistics.  

[66] Centers for Disease Control and Prevention, 2021, 

“FastStats - Depression” [Online]. Available: 

https://www.cdc.gov/nchs/fastats/depression.htm. 

[Accessed: 20-Nov-2020]. 

[67] Centers for Disease Control and Prevention, 2020, 

“National Diabetes Statistics Report, 2020” [Online]. 

Available: https://www.cdc.gov/diabetes/data/statistics-

report/index.html.  

[68] Centers for Disease Control and Prevention, 2019, “Data 

& Statistics | Overweight & Obesity” [Online]. Available: 

https://www.cdc.gov/obesity/data/index.html. [Accessed: 

20-Nov-2020]. 

[69] Centers for Disease Control and Prevention, 2021, 

“Stroke” [Online]. Available: 

https://www.cdc.gov/stroke/index.htm.  

[70] Chang, C., Cheng, G. J. Y., Nghiem, T. P. L., Song, X. P., 

Oh, R. R. Y., Richards, D. R., and Carrasco, L. R., 2020, 

“Social Media, Nature, and Life Satisfaction: Global 

Evidence of the Biophilia Hypothesis,” Sci. Rep., 10(1), 

p. 4125. 

[71] Skevington, S. M., Emsley, R., Dehner, S., Walker, I., and 

Reynolds, S. E., 2019, “Does Subjective Health Affect the 

Association between Biodiversity and Quality of Life? 

Insights from International Data,” Appl. Res. Qual. Life, 

14(5), pp. 1315–1331. 

[72] Suarez-Fernandez, S., Prieto-Rodriguez, J., and Perez-

Villadoniga, M. J., 2020, “The Changing Role of 

Education as We Move from Popular to Highbrow 

Culture,” J. Cult. Econ., 44(2), pp. 189–212. 

[73] Kekäläinen, T., Freund, A. M., Sipilä, S., and Kokko, K., 

2020, “Cross-Sectional and Longitudinal Associations 

between Leisure Time Physical Activity, Mental Well-

Being and Subjective Health in Middle Adulthood,” Appl. 

Res. Qual. Life, 15(4), pp. 1099–1116. 

[74] U.S. Bureau of Labor Statistics, 2020, “AMERICAN 

TIME USE SURVEY-2019 RESULTS,” p. 26. 

[75] U.S. Bureau of Labor Statistics, 2016, “American Time 

Use Survey: Charts by Topic: Leisure and Sports 

Activities” [Online]. Available: 

https://www.bls.gov/tus/charts/leisure.htm.  

[76] Angrave, D., Charlwood, A., and Wooden, M., 2015, 

“Long Working Hours and Physical Activity,” J Epidemiol 

Community Health, 69(8), pp. 738–744. 

[77] U.S. Department of Agriculture, 2021, “USDA ERS - 

Food Security in the U.S.” [Online]. Available: 

https://www.ers.usda.gov/topics/food-nutrition-

assistance/food-security-in-the-us/.  

[78] Board of Governors of the Federal Reserve System, 2019, 

“The Fed - Housing Affordability in the U.S.: Trends by 

Geography, Tenure, and Household Income” [Online]. 

Available: 

https://www.federalreserve.gov/econres/notes/feds-

notes/housing-affordability-in-the-us-trends-by-

geography-tenure-and-household-income-20190927.htm.  

[79] U.S. Census Bureau, 2020, “Income and Poverty in the 

United States: 2019” [Online]. Available: 

https://www.census.gov/library/publications/2020/demo/

p60-270.html.  

[80] U.S. Department of Labor, 2021, “Lower Living Standard 

Income Level Guidelines | U.S. Department of Labor” 

[Online]. Available: 

https://www.dol.gov/agencies/eta/llsil.  

[81] Federal Housing Finance Agency, 2021, “FHFA House 

Price Index” [Online]. Available: 

https://www.fhfa.gov/DataTools/Downloads/Pages/Hous

e-Price-Index.aspx. 

[82] Federal Housing Finance Agency, 2011, “Market Data” 

[Online]. Available: 

https://www.fhfa.gov/DataTools/Downloads/Pages/Curre

nt-Market-Data.aspx.  

[83] Howell and Kalleberg, 2019, “Declining Job Quality in the 

United States: Explanations and Evidence,” RSF Russell 

Sage Found. J. Soc. Sci., 5(4), p. 1. 

[84] Chordiya, R., Sabharwal, M., and Battaglio, R. P., 2019, 

“Dispositional and Organizational Sources of Job 

Satisfaction: A Cross-National Study,” Public Manag. 

Rev., 21(8), pp. 1101–1124. 

[85] Centers for Disease Control and Prevention, 2021, 

“FastStats - Accidents or Unintentional Injuries” [Online]. 



 

 10 © 2022 by ASME 

Available: https://www.cdc.gov/nchs/fastats/accidental-

injury.htm.  

[86] Centers for Disease Control and Prevention, 2021, “NVSS 

- Mortality Data” [Online]. Available: 

https://www.cdc.gov/nchs/nvss/deaths.htm. [ 

[87] Bureau of Justice Statistics, 2020, “Property Crime” 

https://www.bjs.gov/index.cfm?ty=tp&tid=32.  

[88] Thomas, K., Hardy, R. D., Lazrus, H., Mendez, M., 

Orlove, B., Rivera‐Collazo, I., Roberts, J. T., Rockman, 

M., Warner, B. P., and Winthrop, R., 2019, “Explaining 

Differential Vulnerability to Climate Change: A Social 

Science Review,” WIREs Clim. Change, 10(2), p. e565. 

[89] Lee, J. K., Lin, L., and Wu, X. V., 2020, “Social Capital 

and Health Communication in Singapore: An Examination 

of the Relationships between Community Participation, 

Perceived Neighborliness and Health Communication 

Behaviors,” J. Health Commun., 25(4), pp. 323–332. 

[90] Hoogerbrugge, M. M., and Burger, M. J., 2018, 

“Neighborhood-Based Social Capital and Life 

Satisfaction: The Case of Rotterdam, The Netherlands,” 

Urban Geogr., 39(10), pp. 1484–1509. 

[91] Tanaka, K., Davidson, L., and Craig, T. J., 2018, “Sense of 

Clubhouse Community Belonging and Empowerment,” 

Int. J. Soc. Psychiatry, 64(3), pp. 276–285. 

[92] Brondolo, E., Libretti, M., Rivera, L., and Walsemann, K. 

M., 2012, “Racism and Social Capital: The Implications 

for Social and Physical Well-Being,” J. Soc. Issues, 68(2), 

pp. 358–384. 

[93] Elliott, K. J., 2018, “Making Attentive Citizens: The 

Ethics of Democratic Engagement, Political Equality, and 

Social Justice,” Res Publica, 24(1), pp. 73–91. 

[94] U.S. Census Bureau, 2019, “Voting and Registration 

Visualizations” [Online]. Available: 

https://www.census.gov/topics/public-

sector/voting/library/visualizations.html.  

[95] American Customer Satisfaction Index, 2020, “ACSI 

Federal Government Report 2019” 

[96] Esau, M. V., Rondganger, C. H., and Roman, N. V., 2019, 

“Family Political Socialisation and Its Effect on Youth 

Trust in Government: A South African Perspective,” 

Politikon, 46(1), pp. 122–137. 

[97] Rasmussen, A., and Reher, S., 2019, “Civil Society 

Engagement and Policy Representation in Europe,” 

Comp. Polit. Stud., 52(11), pp. 1648–1676. 

[98] Senechal, M., 2006, “The Effect of Family Literacy 

Interventions on Children’s Acquisition of Reading: From 

Kindergarten to Grade 3: (573272006-001).” 

[99] Statista, 2019, “U.S. Family Meals 2019” [Online]: 

https://www.statista.com/statistics/1085436/family-

meals-in-the-us/.  

[100] National Institutes of Health, 2019, “High Amounts of 

Screen Time Begin as Early as Infancy, NIH Study 

Suggests” [Online]. Available: https://www.nih.gov/news-

events/news-releases/high-amounts-screen-time-begin-

early-infancy-nih-study-suggests.  

[101] An, W., and Western, B., 2019, “Social Capital in the 

Creation of Cultural Capital: Family Structure, 

Neighborhood Cohesion, and Extracurricular 

Participation,” Soc. Sci. Res., 81, pp. 192–208. 

[102] Kepper, M. M., Myers, C. A., Denstel, K. D., Hunter, R. 

F., Guan, W., and Broyles, S. T., 2019, “The Neighborhood 

Social Environment and Physical Activity: A Systematic 

Scoping Review,” Int. J. Behav. Nutr. Phys. Act., 16(1), p. 

124. 

[103] AmeriCorps, 2019, “Volunteering in America” [Online]. 

Available: https://www.nationalservice.gov/serve/via.  

[104] Hornstein, E., and Eisenberger, N., 2018, “A Social Safety 

Net: Developing a Model of Social-Support Figures as 

Prepared Safety Stimuli” [Online]. Available: 

https://journals.sagepub.com/doi/abs/10.1177/096372141

7729036.  

 



 

 11 © 2022 by ASME 

Supplementary Materials 

 
Figure S1. Case study final report 



 

 12 © 2022 by ASME 

 

Table S1. An overview of domains, indicators, and metrics for social impact analysis 
Domain Indicator Metric Ref. 

Education 

Educational skills Math, reading, and science skills [43] 

Participation and attainment 

Adult literacy and participation [44] 

High school completion [45] 

Post-secondary attainment [46] 

Social, emotional, and developmental aspects 

Bullying and child physical health [47] [48] 

Social relationships and wellbeing [49] 

Preprimary education and care [50] 

Health 

Healthcare 
Satisfaction with healthcare [51] 

Population with a regular family doctor [52] 

Life expectancy and mortality 

Asthma, cancer, and diabetes mortality [53] 

Heart disease mortality [54] 

Life expectancy [55] 

Suicide mortality [56] 

Lifestyle and behavior 

Alcohol consumption [57] 

Healthy behaviors index [58] 

Teen pregnancy [59] 

Teen smoking rate [60] 

Personal wellbeing 
Happiness and perceived health [61] [62] 

Life satisfaction [63] 

Physical and mental health conditions 

Adult asthma prevalence [64] 

Cancer prevalence [65] 

Childhood asthma prevalence [64] 

Depression prevalence [66] 

Diabetes prevalence [67] 

Heart attack prevalence [54] 

Obesity prevalence [68] 

Stroke prevalence [69] 

Connection to nature Biophilia 
Connection to life [70] 

Spiritual fulfillment [71] 

Cultural  Participation Performing arts attendance [72] 

Leisure time 

Activity participation 
Physical activity [73] 

Average nights on vacation [74] 

Time spent Leisure activities [75] 

Working-age adults 
Adults working long hours [76] 

Adults who provide care to seniors [74] 

Living standards 

Basic necessities 
Food security [77] 

Housing affordability (Board of Governors of the Federal Reserve, 2019) 

Income 

Median household income [79] 

Incidence of low income [79] 

Persistence of low income [80] 

Wealth 
Median home value [81] 

Mortgage debt [82] 

Work 
Job quality [83] 

Job satisfaction [84] 

Safety and security 
Actual safety 

Accidental morbidity and mortality [85] 

Loss of human life [86] 

Property and violent crime [87] 

Risk Social vulnerability to the environment [88] 

Social cohesion 

Attitude toward others and the community 

Trust and city satisfaction [89] [90] 

Belonging to community  [91] 

Discrimination [92] 

Democratic engagement 

Interest in politics and registered voters [93] [94] 

Satisfaction with democracy [95] 

Trust in government and voter turnout [96] [94] 

Voice in government decisions [97] 

Family bonding 
Parent-child activities and meals [98] [99] 

Exceeded screen time guidelines [100] 

Social engagement and support 
Participation in organized activities [101] [102] 

Volunteering and close friends/family [103] [104] 

 


