
IJBPAS, December, Special Issue, 2023, 12(12): 11-26 
ISSN: 2277–4998 

 

 

 
11 

IJBPAS, December, Special Issue, 2023, 12(12) 

ADVANCING SUSTAINABLE LIFE CYCLE ASSESSMENT: 

EMERGING TRENDS AND FUTURE DIRECTIONS 

MANOJ KUMAR M, HEMANTH KUMAR CH* AND MANIKANDAN K 

Department of Pharmaceutical Analysis, SRM College of Pharmacy, SRM Institute of 

Science and Technology, Chennai, India 
*Corresponding Author: Dr. CH Hemanth Kumar: E Mail: hemanthk@srmist.edu.in 

 

 https://doi.org/10.31032/IJBPAS/2023/12.12.1003       

ABSTRACT 

Life Cycle Assessment (LCA) is an essential tool for evaluating the environmental, social, and 

economic impacts of products throughout their entire life cycle. In recent years, there has been a 

growing interest in applying LCA to pharmaceutical products to enhance sustainability in the 

pharmaceutical industry. This Review aims to provide an in-depth analysis of LCA applications in the 

pharmaceutical sector, highlighting the integration of social and economic aspects, assessing circularity, 

uncertainty analysis, and showcasing case studies that demonstrate the practicality of sustainable LCA 

in the pharmaceutical industry. 

Keywords: Life cycle assesment; sustainable LCA; Uncertainty and Sensitivity in LCA; Social 

Life Cycle Assessment; Social Impact Assessment 

1. INTRODUCTION 

Life Cycle Assessment (LCA) [1–4] is a 

methodology used to evaluate the 

environmental impacts of a product, 

process, or service throughout its entire life 

cycle, from cradle to grave. It provides a 

systematic framework for assessing the 

environmental burdens and benefits 

associated with each stage of a product's life, 

including the extraction of raw materials, 

manufacturing, distribution, use, and 

disposal. The concept of LCA originated in 

the 1960s and gained prominence in the 

1990s as environmental concerns grew and 

a desire for more sustainable practices 

emerged. LCA was developed as a tool to 

quantify and assess the environmental 

impact of products and guide decision-

making towards more environmentally 
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friendly alternatives. The LCA process 

typically involves four main steps: 

1. Goal and Scope Definition: This step 

involves clearly defining the purpose 

of the LCA study, including the 

specific objectives, the system 

boundaries, and the functional unit 

being assessed. The functional unit 

provides a reference for comparing 

different products or processes and 

enables meaningful comparisons. 

2. Life Cycle Inventory (LCI): In this 

step, comprehensive data is collected 

on the inputs (materials, energy, 

water, etc.) and outputs (emissions, 

waste, etc.) associated with each 

stage of the product's life cycle. The 

LCI phase involves data gathering, 

calculations, and sometimes the use 

of databases and software tools. 

3. Impact Assessment: The collected 

inventory data is then evaluated in 

relation to potential environmental 

impacts. Impact assessment methods 

are used to quantify and categorize 

the environmental impacts across 

different impact categories, such as 

climate change, ozone depletion, 

acidification, eutrophication, and 

resource depletion. 

4. Interpretation: The final step 

involves analyzing and interpreting 

the results of the LCA study. This 

includes comparing different 

alternatives, identifying hotspots of 

environmental impact, evaluating 

trade-offs, and communicating the 

findings to stakeholders. 

LCA provides a comprehensive and 

holistic approach to assessing 

environmental impacts, allowing for the 

identification of potential areas for 

improvement and the comparison of 

different product options or strategies. LCA 

plays a crucial role in promoting sustainable 

practices and guiding the transition towards 

a more environmentally responsible and 

resource-efficient society. 

1.1. Significance of sustainability in 

LCA 

The significance of sustainability in 

LCA lies in its ability to provide a 

comprehensive evaluation of the 

environmental, social, and economic 

impacts associated with a product or 

process. By considering sustainability 

factors, LCA goes beyond a narrow focus on 

environmental impacts and incorporates 

broader considerations of social equity and 

economic viability. Here are some key 

reasons why sustainability is significant in 

LCA as follows: LCA provides a holistic 

view of the entire life cycle of a product or 

process, enabling the assessment of 

environmental, social, and economic 

aspects. By considering the three pillars of 

sustainability, LCA helps identify potential 

trade-offs and synergies among these 
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dimensions, allowing for more informed 

decision-making by overall evaluation. LCA 

evaluates the environmental impacts of a 

product or process across all life cycle 

stages, from raw material extraction to 

disposal. It quantifies impacts such as 

greenhouse gas emissions, resource 

depletion, water pollution, and waste 

generation. By considering these impacts, 

LCA supports the development of 

environmentally sustainable practices and 

the reduction of negative environmental 

footprints. It helps assess social impacts 

throughout the product life cycle, including 

impacts on workers, local communities, and 

vulnerable populations. LCA encourages 

stakeholder engagement and provides a 

transparent and scientifically based 

approach to assess sustainability. The 

specific purposes of the review article which 

aims to consolidate and summarize the 

existing literature on sustainable LCA 

(Figure 1), bringing together key findings, 

methodologies, and case studies. 

2. INTEGRATING SOCIAL AND 

ECONOMİC ASPECTS IN LCA [5–7] 

Social and economic sustainability are 

integral components of overall 

sustainability, and their importance lies in 

their interconnectedness with environmental 

sustainability. Social and economic aspects, 

along with environmental considerations, 

form the three pillars of sustainability. 

Achieving sustainability requires a balance 

between these dimensions. Neglecting 

social and economic aspects can undermine 

the overall sustainability of a system or 

practice. By considering social and 

economic sustainability alongside 

environmental sustainability, a more 

comprehensive and balanced approach to 

sustainability can be achieved. Social 

sustainability focuses on promoting human 

well-being, ensuring access to basic needs, 

social equity, and community well-being. It 

addresses issues such as human rights, labor 

conditions, health and safety, community 

engagement, and social justice. It recognizes 

the importance of fair and equitable 

distribution of resources and benefits across 

society. Economic sustainability 

emphasizes the long-term viability and 

resilience of economic systems. It involves 

promoting sustainable economic growth, 

responsible business practices, and the 

efficient use of resources. Economic 

sustainability ensures that businesses 

consider the long-term impacts of their 

activities, including financial stability, 

resource efficiency, and ethical business 

conduct. Social and economic sustainability 

require engaging stakeholders and fostering 

collaboration among different actors. 

Including diverse perspectives and 

involving stakeholders in decision-making 

processes can lead to better outcomes, 

increased social acceptance, and stronger 

partnerships. Social and economic 
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sustainability contribute to the resilience and 

adaptability of systems. By considering 

social and economic factors, systems and 

practices can better withstand shocks, adapt 

to changing circumstances, and ensure the 

well-being of individuals and communities. 

Building social and economic resilience 

enhances the capacity to address challenges 

such as economic downturns, social 

inequalities, and disruptions in supply 

chains. Achieving social and economic 

sustainability is essential for the long-term 

viability of businesses, industries, and 

societies. Sustainable practices that promote 

social well-being, fair economic 

opportunities, and resource efficiency 

contribute to long-term success, market 

competitiveness, and stability. Neglecting 

social and economic aspects can lead to 

social unrest, economic instability, and 

reputational risks for businesses and 

industries. The United Nations' Sustainable 

Development Goals (SDGs) provide a 

global framework for achieving 

sustainability   (Figure 2). The SDGs 

encompass social, economic, and 

environmental dimensions and highlight the 

interconnectedness between these aspects. 

Addressing social and economic 

sustainability is crucial for making progress 

towards the SDGs, including eradicating 

poverty, promoting decent work, reducing 

inequalities, and fostering inclusive 

economic growth. 

2.1. Methodologies for assessing 

social impacts [8–11] 

Assessing social impacts in the context 

of sustainability requires the application of 

specific methodologies that consider the 

social dimensions of a product, project, or 

process. Here are some commonly used 

methodologies as follows: SLCA is a 

methodology that extends the principles of 

LCA to incorporate social aspects. It 

assesses the social impacts of a product or 

system throughout its life cycle stages. 

SLCA typically involves identifying 

relevant social indicators, data collection on 

social aspects, impact assessment, and 

interpretation of results. Stakeholder 

engagement is a participatory approach that 

involves identifying and involving relevant 

stakeholders throughout the assessment 

process. Stakeholder engagement methods 

may include surveys, interviews, focus 

groups, workshops, or participatory 

mapping exercises. Social Impact 

Assessment (SIA) is a methodology used to 

assess the potential social impacts of 

proposed projects or policies before they are 

implemented. It involves identifying 

potential social risks and opportunities, 

analyzing potential impacts on 

communities, assessing the distribution of 

benefits and burdens, and proposing 

mitigation measures. SIA often includes 

public consultations, impact scoping, social 

baseline studies, and impact prediction and 
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evaluation. Social Return on Investment 

(SROI) is a methodology that assesses the 

social value created by an organization, 

project, or intervention. It involves 

quantifying and monetizing social impacts 

to understand the return on investment in 

social terms. SROI considers both financial 

and non-financial impacts and seeks to 

capture a broad range of social outcomes, 

such as improved health, increased 

educational opportunities, or enhanced 

community cohesion. Human Rights Impact 

Assessment (HRIA) focuses specifically on 

assessing the potential impacts of projects, 

policies, or practices on human rights. It 

involves identifying potential human rights 

risks and impacts, analyzing the pathways 

through which these impacts occur, and 

proposing measures to address or mitigate 

any adverse effects. HRIA often draws on 

international human rights standards and 

frameworks. Participatory methodologies 

involve involving affected communities, 

stakeholders, and individuals in the 

assessment process. This approach aims to 

empower communities, ensure their 

meaningful participation, and incorporate 

their knowledge and perspectives into the 

assessment. Participatory approaches can 

include community-based assessments, 

participatory mapping, citizen science, or 

participatory impact assessment workshops.  

2.2. Incorporating economic 

indicators into LCA [12–15] 

Incorporating economic indicators into LCA 

helps assess the economic aspects and 

implications of a product, process, or service 

throughout its life cycle. It provides insights 

into the economic performance, costs, and 

resource efficiency associated with different 

alternatives. Life Cycle Costing (LCC) 

involves evaluating and comparing the costs 

associated with a product or system 

throughout its life cycle stages. It includes 

the costs of raw materials, manufacturing, 

distribution, use, maintenance, and disposal. 

LCC helps identify cost-saving 

opportunities, assess the economic viability 

of alternatives, and support decision-making 

processes. Monetary valuation involves 

assigning monetary values to different 

impacts and resources associated with a 

product's life cycle. It includes methods such 

as cost-benefit analysis (CBA) or cost-

effectiveness analysis (CEA). Monetary 

valuation allows for the comparison of 

economic benefits and costs, helping 

prioritize different alternatives based on 

their economic implications. Value chain 

analysis helps identify opportunities for cost 

reduction, value creation, and efficiency 

improvements. Input-Output Analysis 

(IOA) is an economic modeling technique 

that quantifies the interdependencies among 

different sectors of an economy. It assesses 

the economic linkages and flows of goods 

and services between sectors, allowing for 

the analysis of indirect economic impacts. 
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IOA can be used to assess the economic 

consequences of changes in production or 

consumption patterns associated with a 

product's life cycle. Eco-efficiency analysis 

combines environmental and economic 

indicators to evaluate the resource efficiency 

and economic performance of a product or 

system. It considers both environmental 

impacts and costs to identify alternatives 

that achieve the desired environmental 

outcomes at the lowest cost or resource 

consumption. Eco-efficiency analysis 

supports the identification of economically 

viable and environmentally beneficial 

alternatives. Environmental Input-Output 

Analysis (EIOA) is a variant of IOA that 

focuses on assessing the environmental 

impacts associated with economic activities. 

It quantifies the environmental flows and 

impacts associated with the production and 

consumption of goods and services. EIOA 

enables the integration of environmental 

indicators into economic analysis, providing 

insights into the environmental 

consequences of economic activities. 

2.3. Case studies demonstrating 

the integration of social and economic 

aspects [16–19] 

1. Fairtrade Certified Coffee: 

   - Social Aspect: Fairtrade certification 

ensures that coffee farmers receive fair 

prices for their products, have safe working 

conditions, and have access to resources and 

training. It promotes social equity, 

community development, and 

empowerment of small-scale farmers. 

   - Economic Aspect: Economic analyses 

have shown that Fairtrade certification 

provides economic benefits to coffee 

farmers, allowing them to invest in their 

farms, improve productivity, and enhance 

their livelihoods. It also fosters economic 

stability and resilience within the coffee-

producing communities. 

2. Renewable Energy Projects: 

  - Social Aspect: Renewable energy 

projects, such as wind farms or solar 

installations, have social implications, such 

as job creation, improved access to 

electricity, and reduced dependence on 

fossil fuels. These projects often prioritize 

local hiring and community engagement, 

contributing to local economic development 

and social well-being. 

   - Economic Aspect: Economic 

assessments of renewable energy projects 

consider factors like upfront investment 

costs, long-term operational expenses, and 

cost savings compared to conventional 

energy sources. Studies have shown that the 

economic benefits of renewable energy 

projects can include reduced energy costs, 

job creation, increased tax revenues, and 

improved energy security. 

3. Green Building Certification: 

   - Social Aspect: Green building 

certifications, such as LEED (Leadership in 

Energy and Environmental Design), 
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incorporate social considerations into their 

assessments. These certifications evaluate 

aspects like indoor environmental quality, 

occupant health and well-being, community 

connectivity, and social equity. They 

encourage the creation of healthy and 

inclusive environments. 

   - Economic Aspect: Green building 

certifications also take into account 

economic aspects such as energy efficiency, 

water conservation, and lifecycle cost 

analysis. By integrating energy-saving 

technologies, water-efficient systems, and 

sustainable materials, green buildings can 

achieve long-term cost savings through 

reduced utility bills and lower maintenance 

expenses. 

4. Sustainable Supply Chain Initiatives: 

   - Social Aspect: Various companies have 

implemented sustainable supply chain 

initiatives that assess the social impacts 

associated with their supply chains. This 

includes evaluations of labor conditions, 

human rights, and community engagement 

in their supply chain operations. These 

initiatives aim to ensure fair working 

conditions, respect for human rights, and 

support for local communities. 

   - Economic Aspect: Sustainable supply 

chain initiatives also consider economic 

aspects such as cost reduction, efficiency 

improvements, and value creation. By 

implementing sustainable practices, 

companies can minimize risks, enhance 

supplier relationships, improve resource 

efficiency, and achieve cost savings in their 

supply chain operations. 

3. CIRCULAR ECONOMY AND LCA 

[20–22] 

Circular economy principles play a 

significant role in the context of Life Cycle 

Assessment (LCA) by providing a 

framework for evaluating and promoting 

sustainable resource management 

throughout a product's life cycle. Circular 

economy principles emphasize designing 

products that are durable, repairable, and 

have longer lifespans. LCA considers the 

environmental impacts associated with 

different product designs, materials, and 

manufacturing processes. By incorporating 

circular design principles into LCA, the 

assessment can evaluate the potential 

environmental benefits of extending product 

lifetimes and reducing the need for frequent 

replacements. The principles aim to 

minimize waste and maximize the efficient 

use of materials. LCA quantifies the 

environmental impacts of resource 

extraction, production, and waste 

management. By integrating circular 

economy principles into LCA, the 

assessment can evaluate strategies such as 

material recycling, reuse, remanufacturing, 

and waste reduction, providing insights into 

the potential environmental benefits of these 

practices and advocate for the establishment 

of closed-loop systems, where products and 
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materials are continuously recycled and 

reintegrated into new production cycles. 

LCA assesses the environmental impacts of 

different waste management strategies, 

including recycling. It also encourages eco-

design and eco-innovation, which involve 

considering environmental aspects 

throughout the product design and 

innovation processes. LCA assesses the 

environmental impacts associated with 

different design choices and innovations. By 

integrating circular economy principles into 

LCA, the assessment can evaluate the 

potential environmental benefits of eco-

design and eco-innovation, such as reduced 

resource use, improved recyclability, and 

minimized environmental footprints. 

3.1. Assessing circularity in LCA [12, 23, 

24] 

Assessing circularity in Life Cycle 

Assessment (LCA) involves analyzing the 

material and energy flows associated with a 

product's life cycle stages. By quantifying 

and evaluating these flows, LCA can 

provide insights into the circularity of a 

product or system. The overall material flow 

has depicted in Figure 3. 

In Material Flows LCA assesses the inputs 

of raw materials, components, and energy 

required at each life cycle stage. It quantifies 

the amounts and types of materials used and 

identifies potential environmental impacts 

associated with their extraction, processing, 

and transportation and it analyzes the output 

flows of products, by-products, waste, and 

emissions generated at each life cycle stage. 

LCA assesses the potential benefits and 

trade-offs of recycling or reusing materials, 

such as reduced resource extraction, energy 

savings, or reduced waste generation and it 

accounts for losses and leakages of materials 

throughout the life cycle. LCA can identify 

areas where material losses occur and 

suggest strategies to reduce these losses and 

improve circularity. 

In Energy Flows LCA quantifies the energy 

inputs required at each life cycle stage 

(Figure 4), including direct and indirect 

energy consumption. It assesses the 

environmental impacts associated with 

energy production, such as greenhouse gas 

emissions, air pollution, or resource 

depletion and LCA evaluates the energy 

efficiency of different processes and 

technologies used within the life cycle. It 

assesses the environmental benefits 

associated with replacing fossil fuel-based 

energy sources with renewable alternatives. 

LCA can quantify the reductions in 

greenhouse gas emissions and other 

environmental impacts resulting from the 

use of renewable energy, contributing to 

circularity and sustainability. 

3.2. Opportunities and challenges in 

applying circularity to LCA [12, 25] 

Opportunities: By integrating circularity 

into LCA, opportunities arise to identify and 

optimize resource efficiency throughout the 
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life cycle of a product. This includes 

reducing raw material consumption, 

minimizing waste generation, and 

promoting recycling and reuse. LCA can 

quantify the potential environmental 

benefits associated with these circular 

practices, such as reduced resource 

extraction, energy savings, and minimized 

environmental impacts. Circular practices 

can lead to improved environmental 

performance by reducing the environmental 

burdens associated with a product's life 

cycle.  

Challenges: Circular practices involve 

complex systems with multiple 

interconnected components, stakeholders, 

and life cycle stages. Incorporating 

circularity into LCA requires a 

comprehensive understanding of these 

interdependencies and their associated data 

requirements (Table 1). Gathering data on 

material and energy flows, waste 

management practices, and recycling 

processes can be challenging and require 

collaboration across supply chains and 

industries. LCA heavily relies on data to 

quantify and assess environmental impacts. 

Incorporating circularity aspects may 

require additional data on material 

composition, recycling rates, and waste 

management practices. Obtaining reliable 

and up-to-date data on circular practices can 

be challenging, as data availability and 

quality may vary across regions and 

industries. Developing robust and 

harmonized methodologies for circularity 

assessment in LCA is an ongoing area of 

research. Overcoming these challenges will 

enhance the effectiveness of LCA in 

evaluating circular practices and promoting 

sustainable resource management. 

4. ADDRESSING UNCERTAINTY AND 

SENSITIVITY IN LCA[23, 26, 27] 

Uncertainty analysis is of utmost importance 

in Life Cycle Assessment (LCA) as it 

provides valuable insights into the 

robustness, reliability, and accuracy of LCA 

results. Uncertainty analysis allows for the 

quantification and characterization of the 

level of confidence or uncertainty associated 

with LCA results (Table 2). LCA involves 

numerous data inputs, assumptions, and 

modeling choices, all of which contribute to 

uncertainty. Understanding the level of 

uncertainty helps users interpret the results 

and make informed decisions based on the 

reliability of the findings. It provides 

decision-makers with a better understanding 

of the potential range of outcomes and 

associated risks. It helps identify critical 

parameters or assumptions that have a 

significant influence on the results and 

allows decision-makers to focus on areas of 

uncertainty that are most important to the 

decision at hand. Uncertainty analysis 

enhances the transparency and credibility of 

LCA, supporting robust decision-making 

processes. Uncertainty analysis helps 
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identify situations where the differences in 

LCA results are statistically significant or 

within a range that decision-makers can 

consider when choosing among alternatives. 

Including uncertainty analysis in LCA 

studies enhances the transparency and 

credibility of the results by identifying 

sources of uncertainty and assessing their 

impact, it highlights areas where 

methodological advancements or data 

improvements are needed. Uncertainty 

analysis informs the refinement and 

development of LCA guidelines and 

standards, promoting the quality and 

reliability of LCA studies. 

4.1. Communicating uncertainty in 

LCA results [23, 28] 

Communicating uncertainty in LCA results 

is crucial for providing a complete and 

transparent representation of the reliability 

and limitations of the findings. Clearly 

document the methodology and assumptions 

used for uncertainty analysis in the LCA 

study. Describe the specific techniques 

employed, such as Monte Carlo analysis or 

sensitivity analysis, and explain how 

uncertainty was quantified and 

characterized. This documentation allows 

others to understand and replicate the 

uncertainty analysis. Instead of presenting a 

single value, provide a range of results that 

captures the uncertainty associated with the 

LCA outputs. This can be done by showing 

probability distributions, confidence 

intervals, or ranges of values. Visual 

representations, such as error bars or 

whisker plots, can help convey the 

uncertainty range effectively. Identify and 

communicate the key parameters or 

assumptions that drive the uncertainty in the 

LCA results. For example, histograms or 

density plots can illustrate probability 

distributions, while sensitivity tornado 

diagrams can demonstrate the relative 

influence of different parameters on the 

LCA results. Visual aids should be clear, 

concise, and easily understandable for the 

intended audience. Contextualize the 

uncertainty in the LCA results by discussing 

the implications and potential impacts of the 

uncertainty on decision-making. Explain 

how uncertainty should be considered when 

interpreting the findings and making 

conclusions. It is important to convey that 

uncertainty does not invalidate the entire 

analysis but rather highlights the range of 

possible outcomes. Tailor the 

communication of uncertainty to the target 

audience. Consider the specific needs and 

interests of the audience and provide 

additional explanations or clarifications 

when necessary. 

5. FUTURE DIRECTIONS AND 

RECOMMENDATIONS 

5.1. Recommendations for advancing 

sustainable LCA 

Promote the development and adoption of 

standardized methodologies, data formats, 
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and reporting guidelines for LCA studies. 

Collaboration among stakeholders, 

including researchers, practitioners, 

policymakers, and industry representatives, 

is crucial to establish common frameworks 

and harmonize LCA practices. Improve data 

availability and accessibility for LCA 

studies, particularly for emerging 

technologies and sectors with limited data. 

Encourage data sharing and collaboration 

between industry, academia, and 

government agencies to build 

comprehensive life cycle inventory 

databases. Ensure transparency in data 

sources, assumptions, and data quality 

assessments to enhance the reliability and 

credibility of LCA results. Foster 

collaboration among researchers and experts 

from various disciplines, including 

environmental sciences, engineering, 

economics, social sciences, and policy. 

Interdisciplinary approaches enrich LCA by 

incorporating diverse perspectives, 

addressing complex sustainability 

challenges, and promoting a holistic 

understanding of environmental, social, and 

economic impacts. Collaborative efforts can 

lead to innovative methodologies, improved 

modeling techniques, and more 

comprehensive sustainability assessments. 

Enhance the integration of social and 

economic dimensions into LCA by 

developing robust methodologies and 

indicators. Standardization of uncertainty 

analysis practices can promote consistency 

and comparability in uncertainty 

assessments. Invest in education and 

training programs to enhance the 

understanding and application of LCA 

principles and methodologies. Foster 

capacity building initiatives for LCA 

practitioners, policymakers, and industry 

professionals to develop a skilled workforce 

capable of conducting robust and 

meaningful sustainability assessments. 

Promote awareness of LCA among 

decision-makers and stakeholders to 

encourage its integration into policy 

development, business practices, and 

sustainability strategies. Encourage 

stakeholder engagement throughout the 

LCA process to ensure the inclusion of 

diverse perspectives, local knowledge, and 

values. Transparent communication of 

assumptions, limitations, and uncertainties 

is crucial to build trust, facilitate dialogue, 

and enable informed decision-making. 

Engage with stakeholders in the 

development of LCA studies, interpretation 

of results, and the identification of 

improvement opportunities. 
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Table 1: Examples of circular LCA applications in different industries 
 

S. No. 
 

Different industrial work area 
 

LCA evaluation 
 

Result 
1 Closed-Loop Systems for 

Active Pharmaceutical 
Ingredients 

Environmental impacts of the 
recycling process 

Development of circular 
strategies in the 

pharmaceutical industry 
2 Packaging Waste Reduction 

and Recycling 
Impacts of implementing 

sustainable packaging designs 
Reductions in environmental 
impacts with these circular 

packaging practices 
3 Drug Disposal and Medication 

Take-Back Programs 
Implementing proper disposal 

practices 
Reductions in environmental 

impacts improved drug 
disposal practices 

4 Pharmaceutical Waste 
Management 

Impacts of waste treatment 
methods 

Reductions in waste generation 
& effective pharmaceutical 

waste management 
5 Life Cycle Thinking in Drug 

Development 
Assess the environmental 

impacts of pharmaceutical 
products 

Improve the performance of 
pharmaceutical products 

 
 
 

Table 2: Methods for uncertainty and sensitivity analysis 
S. No. Method Assessment Result 

1 Monte Carlo Analysis Running multiple iterations of the 
LCA model which produces a set 

of results 

Provides confidence intervals for 
the LCA results 

2 Sensitivity Analysis: 
 

- One-at-a-Time 
Sensitivity Analysis 

 
- Global Sensitivity 

Analysis 

 
 

Impact of individual parameters 
on the model outputs 

Parameter interaction to the 
variance in the model outputs 

 
 

Identify the most influential 
parameters 

 
Importance of different 

parameters and interactions 
3 Scenario Analysis Exploring different plausible 

scenarios 
Evaluate the robustness of the 

results 
4 Bootstrap Resampling Non-parametric method Useful when limited data are 

available 
5 Expert Elicitation Obtaining input parameter values 

when empirical data are 
insufficient 

It relies on the knowledge and 
opinions can be combined using 
probabilistic methods to assess 

result 
 
 
 
 

 
Figure 1: Specific purposes of the review article 
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Figure 2: Sustainable Development Goals 

 

 
Figure 3: Assessing circularity in LCA analyzing Material flow 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Assessing circularity in LCA analyzing Energy flow 
 

6. CONCLUSION 

LCA is a valuable tool for assessing the 

environmental, social, and economic 

impacts of products, processes, and services 

throughout their life cycle and it can be 

enhanced by integrating social and 

economic indicators, incorporating circular 

economy principles. Uncertainty and 

sensitivity analysis are crucial in LCA to 

assess the limitations of the results. There 

are research gaps and challenges in LCA, 

including data availability and quality, 

integration of social and economic aspects 

and policy integration. Industry perspectives 

emphasize enhanced environmental 

performance, identification of hotspots and 

innovation opportunities, corporate social 

responsibility (CSR), and supply chain 

management. Overall, the implications of 

sustainable LCA are far-reaching, 
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Recycling and Reuse Losses and Leakages

Material flow

Energy input Energy efficiency 
Renewable 

energy sources 

Energy flow 
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encompassing decision-making, industry 

practices and the pursuit of continuous 

improvement. By embracing sustainable 

LCA, stakeholders can enhance their 

understanding of sustainability impacts, 

drive positive change, and contribute to the 

transition towards a more sustainable and 

circular future. 
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