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Abstract: With the advancement of biotechnology, consumers are demanding more scientifically
advanced products as well as being more concerned with the environmental impact of products. A
life cycle carbon footprint assessment is an important tool in reaching net-zero carbon production
goals. This paper presents the greenhouse gas emissions of functional foods by highlighting TCI
Co., Ltd. as a case study. TCI conducted life cycle assessments (LCAs) on two mainstream products
that utilize common manufacturing processes to examine their carbon footprint and gain a better
understanding of their environmental impact. The main finding shows that while the manufacturing
stage accounts for around 20-30% of emissions, the raw material stage accounts for 70-80% for both
products. This suggests that TCI needs to work closely with its suppliers to ensure a low emissions
supply chain and to achieve its net-zero target. Not only do these LCAs allow TCI to increase the
products’ transparency, but they can also be offered as a reference to other businesses producing
similar products. Sharing of knowledge and practices in the biotechnology industry benefits the
entire ecosystem and improves corporate sustainability.

Keywords: life cycle assessment LCA; carbon footprint; biotechnology; functional food; greenhouse
gas emissions

1. Introduction

To ensure global warming does not exceed 1.5 degrees Celsius, as is the recommenda-
tion of the Paris Agreement, companies must assess their greenhouse gas (GHG) emissions
to understand how they contribute to the climate crisis and what they can do to minimize
emissions. The publication of life-cycle assessment (LCA) results enables transparency and
comparison of emissions for similar products, and possibly the improvement in sustain-
ability of such products. Transparency of environmental impacts in an industry is a key
step in understanding the industry’s impact and necessary changes and in encouraging
change in competing companies. LCAs allow for the comparison of products and practices
which can then be used for decision-making and determining areas of change. However, to
the best of our knowledge, there are no public LCAs available on functional foods, and so
the intention is to encourage further studies through the sharing of this first one.

TCI Co., Ltd. is an original design manufacturer (ODM) in the biotechnology industry
for functional foods and skincare products. Due to being concerned with its carbon
footprint as well as noticing an absence of LCAs in the industry, TCI has conducted
LCAs on two of its functional food products. Biotechnology uses life sciences to develop
products that are advantageous to humans, from the improvement of societal practices,
like agriculture, to the strengthening of human health. Functional foods are those which
have increased physiological benefits through biotechnology which Zeisel [1] defines as
“those diet supplements that deliver a concentrated form of a presumed bioactive agent
from a food”. In 2019, the functional food market size was valued at US$177.77 billion, and
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by 2027, it is estimated to reach US$267.92 billion, registering a compound annual growth
rate (CAGR) of 6.7% from 2021 to 2027 [2]. Given this predicted growth, it is important to
understand the environmental impacts of functional foods, which are currently lacking.

TCI is a member of RE100, a global initiative led by the Climate Group in which
globally influential companies commit to 100% renewable electricity. TCI is also Asia’s first
biotechnology company with carbon emission reduction targets that are recognized by the
Science-Based Targets Initiative (SBTi) [3]. A life cycle carbon footprint assessment is an
important tool in reaching TCI's net-zero carbon production goals as well as presenting
research on GHG emissions of functional foods for comparison of other products in the
biotechnology and functional foods industry. TCI chose to first study two products—
“Plant Punch Fruits and Vegetables Ferment Powder” and “Liquid Collagen”—which use
common manufacturing practices and have a strong and growing demand. By knowing
their carbon footprint, TCI was also able to offset its carbon emissions and receive a
Certificate of Carbon Neutrality for both products.

2. Consumer Demand for Sustainability in the Biotechnology Industry

As the understanding of biotechnology expands, consumers are demanding more
scientifically advanced products [4]. Furthermore, there is an increasing growth of con-
sumer awareness and concern for social and environmental issues. Based on a 2020 study
of 18,980 consumers in 28 countries conducted by the IBM Institute for Business Value,
57% of consumers are willing to change their purchasing habits to help reduce negative
environmental impact. All ages in the study selected sustainability, environmental, and/or
personal wellness as significant considerations in choosing brands [5]. Between 2015-2019,
sustainable consumer packaged goods (CPG) products had a market growth of 54.7%
which was 7.1 times faster than non-sustainability-marketed products [6].

Not only do companies need to align with sustainability initiatives to ensure customer
retention, but they should also do so with transparency to foster customers’ trust. 71% of
participants who indicated that traceability is very important in the same IBM study also
said they are willing to pay a premium for products of companies that practice transparency.
Currently, sustainable products boast a premium of 39.5% over conventionally-marketed
products [5].

Drawing from just two of many examples of major functional food brands and their
commitment to sustainability in response to consumer demand, Shiseido Group “responds
to the increasing number of consumers that put social responsibility and environmental
impact at the top of their purchasing decisions by promoting brands that focus on sustain-
ability” [7]. To address sustainability concerns, The Bountiful Company, formerly Nature’s
Bounty Co., “[seeks] ways to minimize [its] environmental footprint throughout [its] supply
chain including reducing, reusing, and recycling materials and ensuring responsible energy
and water use [8]”. Conducting a life-cycle assessment is an important step in reducing a
company’s environmental footprint and, consequently, increasing consumer loyalty and
benefiting from higher premiums.

3. Methodology

The focus of this life-cycle assessment is on the carbon footprint of two products at
both their raw material and manufacturing stages. Not only do these LCAs allow TCI to
understand the environmental impact of its products, but they can now also be offered
as a reference to other businesses producing similar products. Sharing of knowledge
and practices in the biotechnology industry benefits all when working to reduce negative
environmental impacts. Although TCI has various product lines from drinks, powder and
liquid supplements, capsules, lozenges, to facial masks, TCI chose a powder and a liquid
product as its research targets since these use common manufacturing practices and have
large and growing markets, especially in Asia.
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3.1. Life Cycle Assessment

The LCA software, SimaPro (version 9.1.1.1, PRé Sustainability B.V., Amersfoort, The
Netherlands) and the Intergovernmental Panel on Climate Change’s (IPCC) greenhouse
gas emissions assessment method, specifically IPCC 2013 GWP 100a v1.03, were used to
calculate emissions. This method uses IPCC’s Global Warming Potential (GWP) metric that
“integrates the radiative forcing (RF) of a substance over a chosen time horizon, relative
to that of [carbon dioxide (CO,)] [9]”. Therefore, through GWP, this study compares all
greenhouse gases listed under IPCC using the carbon dioxide equivalent (CO;e) value.

An LCA, however, only shows a portion of the emissions generated in the entire life
cycle of these products, as it is difficult to accurately assess post-consumer stages. While
it is possible to perform LCAs on environmental impacts aside from emissions, such as
land use, natural resources use, and waste, in these LCAs, TCI solely looks at the carbon
footprint. Due to variations in LCA approaches, LCA results may also be challenging to
compare and communicate.

COye emissions for both products are broken down by their raw material stage and
manufacturing stage, as seen in Figure 1, including transportation during and between
each phase. The raw material stage considers the equipment consumption and processes
taken by TCI and its supply chain to acquire materials needed for the product and the
product’s packaging. The manufacturing stage’s variables are all those that use energy in
the manufacturing, packaging, and waste collection of the products.
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Figure 1. Processes for Plant Punch Fruits and Vegetables Ferment Powder, and Liquid Collagen.

3.2. Plant Punch Fruits and Vegetables Ferment Powder

TCI's Plant Punch Fruits and Vegetables Ferment Powder comes in a sachet that
contains 88 types of fermented fruits and vegetables and probiotics. In total, 21 raw
materials are needed for the product and 9 are needed to produce 1 aluminum sachet.
Packaging materials include corrugated board, low-density polyethylene (LDPE), and
kraft paper.

The probiotic segment accounted for more than one-quarter of the global functional
food market share in 2019, and it is expected to sustain its share until 2027, with a compound
annual growth rate of 7.9%. While the Asia Pacific is the largest market, North America is
predicted to grow considerably in the global market. This is largely attributed to increasing
awareness of the benefits of fermented drinks in enhancing the immune system and
improving the digestive system [10].
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Emissions From Production of Plant Punch Fruits and
Vegetables Ferment Powder per 1 sachet (12g)
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3.3. Liquid Collagen

The second product, Liquid Collagen, contains deep-sea fish collagen and elastin
collagen. Collagen improves the contours of the skin, accelerates the healing of wounds,
and revitalizes the skin. The global collagen supplement market generated $1.82 billion in
2019, and it is expected to garner $3.01 billion by 2027 [11].

Other raw materials used in the product include meats, fruits, organic chemicals, and
glucose, totaling 17 types of materials. For the packaging, 11 types of raw materials were
needed, including uncoated flat glass, corrugated board, LDPE, and kraft paper, to produce
1 glass bottle with a cap.

4. Results

Figure 2 shows the LCA results focusing on GHG emissions. The unit for the Plant
Punch Fruits and Vegetables Ferment Powder is one sachet at 12 g. With a sample size
of 48,750 sachets, the emissions at the raw material stage and manufacturing stage were
4498 g CO,e/sachet and 12.80 g CO,e/sachet, respectively. The total emissions are 57.78 g
COse/sachet.

Emissions From Production of Liquid Collagen per
Bottle (50ml)
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Figure 2. GHG Emissions (g CO,e) of products at The Raw Material and Manufacturing Stages with Percentages of Total

Emissions. (a) Emissions of Plant Punch Fruits and Vegetables Ferment Powder; and (b) Emissions of Liquid Collagen.

The unit for the Liquid Collagen is one bottle at 50 mL. With a sample size of 4,715,548 bot-
tles, the emissions at the raw material stage and manufacturing stage were 127.56 g CO,e/bottle
and 53.34 g CO,e/bottle, respectively. The total emissions are 180.90 g CO,e/bottle.

The raw material stage for the Plant Punch Fruit and Fermented Vegetables and the
Liquid Collagen accounted for 77.85% and 70.51% of the total greenhouse gas emissions,
respectively. This shows the importance of suppliers in their contribution to the overall
environmental impact of a product. TCI states that it is working with its suppliers to meet
its goal of developing net-zero carbon products [12], and these LCA results support the
need to ensure a low emissions supply chain.

For both products, the emission-driving variables in the manufacturing stage were
the use of petrol and refrigerants. The raw materials that generated the highest emissions
were LDPE for packaging and citric acid for the products.
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5. Discussion

The LCAs in this study focused on greenhouse gas emissions generated during the raw
material and manufacturing stages for its Plant Punch Fruit and Fermented Vegetables and
Liquid Collagen products. Our findings showed that most overall emissions were a result
of acquiring raw materials and packaging materials. For both products, the accumulation
of the abundance of raw materials needed outweighed that of the manufacturing process
which had higher emissions values for each variable, but significantly fewer variables. In
future studies, we encourage greater detail of the findings, such as a breakdown of the
materials and their emission values within each stage.

Emissions from the raw material stage being 70% and higher of the total underscores
the importance of supply chains in a product’s environmental impact. TCI must encourage
its supply chain to lower emissions also, and so it should communicate and work with its
suppliers to understand how they can reduce emissions. As an example of how to do so,
we can look at the RE100 initiative, which TCI has committed to. Many of its members,
like Apple, have enforced all their suppliers to use renewable energy. However, these
companies also have a responsibility to support their suppliers in their efforts to reduce
emissions, such as offering consultations on how to procure renewable energy.

Regarding the biotechnology industry, “there are only a few studies on the applications
[of life cycle sustainability assessments] in this field even though there is a huge need
for sustainability and life cycle assessment decision support in research, industry, and
politics” [13]. Even more scarce is the publication of LCAs on functional foods, to which
we could find none. Hopefully through TCI being one of the first, if not the first, in
the industry to share its findings, more companies in the industry will do the same to
improve transparency and knowledge sharing. More studies in the industry would mean a
greater ability to compare emissions. However, a challenge with LCAs is the variability in
approaches. Given this, it is recommended that an LCA approach be set for the industry, as
the European Commission had set for the construction industry through policy [14]. Ortiz
et al. has demonstrated how multiple case studies of LCAs, despite some variability, can
still be compared and reviewed to assess the best approaches [14].

6. Conclusions

There is a lack of understanding of the environmental impacts of the biotechnology
and functional foods industries. Through this study, we share LCA findings, taking TCI as
a case study, to exchange information with others in the industry and work towards more
sustainable manufacturing practices. In increasing transparency of environmental impacts,
particularly with the use of LCAs, companies, and stakeholders can compare products and
establish environmental standards for decision-making purposes. Evaluating and reducing
GHG emissions should not only be a concern for brands for ethical and environmental
purposes, but also for business’ sake. Not only are functional foods estimated to grow
in the market, but so are sustainability-marketed products, and with such products, a
higher premium and a possible increase in consumers who are already demanding more
sustainable products.

This study is simply the first in what we hope will become a batch of many case studies
in the industry to review and achieve a better understanding of the environmental impacts.
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