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ABSTRACT: The wild consumption caused by the rapidly increasing population and needs in recent years
drags the world we live into a dead end. Countries have rapidly sought solutions and are trying to move on to
new practices before reaching the point of no return. Life cycle assessment stands out as one of these
applications and almost the most important one. This study focuses on what life cycle assessment is, how it is
created, what it does and why it is important to human beings. The studies examined revealed that the life cycle
assessment is very important in terms of both the profitability it provides to the manufacturer, reducing
environmental impacts and applicability to similar processes. It is believed that this process, which can be
applied to almost every stage of life, is essential because of the responsibility to future generations.

KEY WORDS: Life cycle, Sustainability, Environmental impact, resource efficiency

Received 02 Nov., 2022; Revised 010 Nov., 2022; Accepted 12 Nov., 2022 © The author(s) 2022.
Published with open access at www.questjournals.org

I. INTRODUCTION

In today's world, the pursuit of sustainability has become a well-known term because of the depletion
of natural resources and the damage to the environment. Sustainability consists of economic, environmental and
social components. A sustainable product can be thought of as a product that has minimal impact on these
ingredients throughout its life cycle [1].

Life Cycle Assessment (LCA) is an assessment method that measures the environmental impact,
resource efficiency and amount of waste generation of products throughout their life cycles. Life cycle
assessment is an applicable method for products and substances that we encounter at every stage of our ordinary
life. In recent years, a large number of articles on sustainability and LCA stand out in the literature such as solar
communities [2], anaerobic digestion of organic fraction municipal solid waste[3], geopolymer concrete [3],
refrigerators [4], the whole city [5], buildings [6], Bitcoin mining[7], beverage packaging [8], electric vehicles
[9], green roofs [10], food systems [11], pharmaceutical packaging [11], electronic waste products [12], asphalt
pavements [13]. With LCA, industrial product suppliers can compare the environmental impact of products
during the production process and easily make the necessary improvements. They can gain insights for potential
innovations by identifying the significant environmental impacts of products at each stage of their lifecycle, and
also identify potential risks and liabilities using LCA results for a sustainability strategy. Human beings, on the
other hand, adopt a sustainable lifestyle in a way that will leave a more liveable world to future generations
thanks to the awareness created.

In this article, it is aimed to contribute to creating awareness in the society by providing information
about what LCA is and how it is evaluated.

Il. RESULTS AND DISCUSSION

2.1 Definition and Necessity of LCA

The lifecycle is the sequential and interconnected phases of a product or service system, from the
extraction of natural resources to their final disposal. LCA provides an assessment of the environmental impact
of products, processes or services through production, use and disposal. In theory, it is a systematic set of
procedures for compiling and examining the inputs and outputs of materials and energy and the associated
environmental impacts directly attributable to the operation of a product or service system throughout its
lifecycle. LCA is a technique for assessing the potential environmental impacts associated with a product or
service by creating an inventory of the relevant inputs and outputs, evaluating the potential environmental
impacts associated with these inputs and outputs, and interpreting the results of the inventory and impact stages
according to the objectives of the study [14]. LCAs include production-to-consumption analyses of production
systems and provide comprehensive assessments of all energy inputs and environmental emissions. The cost and
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time consuming of LCAs somewhat limits their use in both the public and private sectors. In other words, LCA
is the process of assessing the environmental loads associated with a product, process or activity by identifying
and quantifying the energy and materials used, and the waste released into the environment. The aim is to
evaluate the impact of these energy and materials used and released to the environment and to identify
opportunities that will affect environmental improvements. Evaluation includes the entire life cycle of the
activity, such as extraction of raw materials, product, process or production, transportation and distribution, use,
reuse, maintenance, recycling and final disposal[15].A flow diagram of LCA is given in Figure 1[16].
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Figure 1. LCA flow diagram.

LCA has many benefits. Industrial product suppliers can compare the environmental impact of
products during the production process and easily make the necessary improvements thanks to LCA.
Additionally, they can gain insights for potential innovations by identifying the significant environmental
impacts of products at each stage of their lifecycle, and also identify potential risks and liabilities using LCA
results for a sustainability strategy. Country managers can make decisions by comparing all environmental
impacts. In terms of sustainability, it can be seen what is needed to achieve carbon footprint targets. A
purchasing department can find out if suppliers have sustainable products and methods [17]. Human beings, on
the other hand, adopt a sustainable lifestyle in a way that will leave a more liveable world to future generations
thanks to the awareness created.

When the results given in the studies on LCA in the literature were examined, it was seen that very
useful results were obtained. In a study comparing the life cycle performance of two urban energy systems, raw
material and energy supply, system manufacturing, systems usage phase, on-site energy generation and use,
maintenance and replacement of components were examined and ozone depletion and land use were 79.7% and
27%, respectively. It has been seen that the remaining impact categories can also decrease by 39-56% [2].

2.2 Modelling the LCA

According to the International Organization for Standardization (ISO), LCA consists of four main steps
defined as goal and scope definition, inventory analysis, impact assessment and interpretation.

The first step, the definition of the target and scope, is very important for the consistent creation of the
LCA. Besides being the first, it is the most basic step. With a broad definition of system boundaries, it is easier
and more accurate to determine which processes cause the greatest environmental loads.Sometimes,
opportunities for waste, environmental impact and cost reduction can arise in unexpected areas of the supply
chain. Thus, by evaluating these determined points, it is possible to reduce the environmental burdens further.
This can mean an opportunity for businesses to increase their profitability. LCA is a model and often quite
complex. The best way to ensure results are unaffected by this complexity is to carefully define the purpose and
scope with a precise definition of the product and its lifecycle, and with well-defined system boundaries. System
boundaries reveal what is considered and what is not, such as excluding a small amount of content that
contributes little to the overall footprint [17].
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The second stage, inventory analysis, consists of the foreground and background data processing
procedure to quantify the inputs and outputs of the system. Inventory data usually consists of water, energy,
land, or other materials or products consumed or produced within the system.These data are verified and
associated with the process units. In the third stage, the evaluation of the effects of the digitized data on human
health and the environment should be carried out in the second stage. Common impact categories include water
consumption, land conversion and climate change. Category indicators are selected for the categories covered.
According to the results of this evaluation, the fourth stage is started and the data is evaluated in order to
minimize the harmful effects on people and the environment. This is the last step in LCA and requires a
systematic approach. The flow chart of the LCA model is given in Figure 2 with the technical standards of 1ISO
[18].
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Figure 2. The diagram of LCA steps according to the SO technical standard 14040.

As can be seen from Figure 2, all the steps are in a cycle and interact. An error to be made at any step
in the LCA model may cause the whole model to collapse and the evaluation to be made may cause more harm
than good to the system owner and the environment. Therefore, LCA can be considered as a complete cyclical
model consisting of interconnected elements in a chain structure.

In a study comparing the life cycle performance of two urban energy systems, raw material and energy
supply, system manufacturing, systems usage phase, on-site energy generation and use, maintenance and
replacement of components were examined and ozone depletion and land use were 79.7% and 27%,
respectively. It has been seen that the remaining impact categories can also decrease by 39-56%. In a discussion
of methodologies applied to several important environmental aspects of biofuel lifecycles, emissions of climate-
influencing substances, depletion of virtually non-renewable abiotic resources, primary energy demand, and
water footprint were evaluated. With the LCA revealed in the study, it has been revealed that it will be useful in
determining the life cycle stages and processes that contribute greatly to environmental loads, determining the
energetic return of energy invested in biofuels, determining environmental trade-offs and comparing the life
cycle environmental loads of products [19].

It was seen that alternative packages for the same drug have very different effects and this is up to 5
times more important for blisters than bottles and bags in a LCA of pharmaceutical packaging. It has been
determined that material production provides the highest contribution and the use of aluminium has very high
effects especially for acidification, while PVVC has significant effects for fossil fuel consumption. Among the
materials used, PVC was the forming film with the lowest environmental impact, followed by PVC/PVDC and
OPA/AIU/PVC. The effects of trucking are more significant for larger sized packages due to the lighter material
of the amount of packaging transported. Train and ship showed better environmental performance in the
transport process [20].

The sustainability of six alternatives for the treatment of industrial wastewater from a gasifier was
compared, considering both environmental and economic aspects. The processes were developed under a zero
liquid discharge approach. The LCA noted that the six scenarios yield comparable results, as common chemical
treatment causes the highest contribution. The optimization allowed a 25% reduction in gas emissions and a
15% reduction in stored goods. According to the results obtained in the study, the use of thermal waste as an
auxiliary program for wastewater treatment processes has proven its effectiveness and it has been determined
that the optimization of the crystallization unit is the most environmentally and economically appropriate
alternative [20].

The results obtained in a study analysing a teaching building at a university in northern China showed
that the environmental impacts and economic costs were greatest due to the use of electrical energy during the
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operation phase of the life cycle, while the environmental impacts and economic costs during the construction
phase were found to originate from the building material production process. Thus, thanks to this LCA, a
reference has been established for the design, construction and operation management of similar buildings [21].

An LCA was performed on a double-glazed triple-window technology with aluminium, wood and
polyvinyl chloride frames used in an office building in Israel to examine the impact of natural gas or
photovoltaic power generation on the selection of the best window technology for operational energy needs. It
has been determined that aluminium and wood framed windows are the best choice when photovoltaic energy is
used, and there is no difference for natural gas [22].

The amount of de-icer used in an LCA for road maintenance in winter has been identified as the main
source of emissions contributing to all impact categories. In addition, it has been observed that energy use
throughout the system is another important emission source. The environmental impacts of de-icer application
have been demonstrated to be higher compared to mechanical cleaning of roads and strongly contribute to the
generation of particulate matter and impact categories such as terrestrial, freshwater and human toxicity[23].

The environmental effects and economic costs of Compound Microbial Fertilizer (CMF) obtained from
chemical fertilizers, organic wastes and microorganisms were evaluated and showed that the effects on fossil
resource scarcity, water consumption and terrestrial acidification contribute significantly to the overall effects.
The raw material stage played a critical role in the environmental performance of the CMF life cycle with a rate
of 48%, followed by the transportation and production stages. Basic material analysis showed that the use of
monoammonium phosphate in production is a hotspot and significantly increases the environmental burden of
CMF production. In addition, economic analysis has shown that the life cycle cost of CMF is 675.75 CNY/t and
raw material costs contribute the most to the total life cycle cost with over 70%][24].

Reusable Plastic Crates (RPCs) LCA results showed that the life cycle effects were dominated by the
manufacturing phase if the RPCs were used for fewer than 20 deliveries. According to the results, the
contribution of the renewal process will increase as the number of deliveries increases, thus reaching 30-70% of
the total impacts for 125 uses. Thanks to the modeling approach in this study, the environmental sustainability
of other returnable package types will also be evaluated [25].

Another LCA study evaluated the environmental performance of a chicken meat chain, which included
119 different farms, abattoirs, meat processors and retailers, as well as 500 households. The focus of the
research was on global warming potential, ozone depletion and cumulative energy demand. According to the
results, the biggest contribution to the environmental profile of the entire poultry meat chain is feed production
and energy use. It has been shown that it is possible to reduce environmental impacts by using grain legumes as
a source of protein in feed, processing chicken litter in a biogas digester, applying energy efficient equipment
along the entire chain, and recycling household waste [26].

A cradle-to-grave LCA was used for restoration mortars and binders to measure potential
environmental impacts on the categories of global warming potential, depletion potential of abiotic resources,
fossil fuels, acidification potential, and photochemical oxidant generation potential of restoration mortars. It has
been revealed that hydraulic lime binders perform more positively in environmental effects, and the global
warming potential of the mortars is in the range of 472-737 kg CO,-eq/t. The critical hotspots in the study were
the transport model assumptions and the fuel used for binder production. An important finding is that the use of
natural gas instead of mineral coke can reduce the global warming potential by 14-22%, depending on the
binder type [27].

I11. CONCLUSIONS

As can be seen from the information presented in the study and the cases examined, the decrease in
natural resources due to the increasing population and wild consumption has made LCA very important in terms
of reintroducing and evaluating the consumed materials. As can be seen, thanks to LCA, manufacturers not only
increase their profits and minimize their environmental impact, but also show an important way for similar
applications. In addition, as can be seen from the cases examined, LCA is an important evaluation method that
can be applied to procedures and processes in almost every area of life. For this reason, it is thought that it will
be a very positive approach for future generations to request or encourage LCA for all industrial processes, just
like environmental impact assessment by governments.
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