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From Ocean to Vanity: How the Ingredients Blue Carbon
Ecosystem Influence Sustainable Beauty Perceptions and
Willingness to Pay
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Abstract

The growing emphasis on carbon neutrality has heightened consumer interest in
sustainable products; however, the role of blue-carbon ecosystems in consumer markets
remains limited. This study investigates whether cosmetics incorporating blue-carbon-
related marine ingredients influence sustainable consumer behavior. A two-stage
consumer survey (N = 18) using blue carbon—themed packaging revealed that, although
initial awareness was limited, explanatory information significantly increased positive
environmental perceptions and purchase willingness, including acceptance of price
premiums. Trust in labeling and certification has emerged as a key determinant of
consumer acceptance of sustainable products. The results indicate that blue carbon—
based cosmetics may support clean beauty market differentiation and link consumption
with marine conservation, provided transparent communication and credible

certification frameworks are established.
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Introduction

In recent years, growing global attention toward climate change mitigation and carbon
neutrality has accelerated interest in sustainable consumption and production. Blue
carbon, a carbon sink that is threatened by the loss of terrestrial forests, has been
gaining particular attention in recent years. Within this context, the concept of Blue
Carbon, which emphasizes the role of marine ecosystems, such as seagrasses, algae, and
corals, in carbon sequestration, has gained increasing ecological and policy relevance. In
contrast to green carbon, blue carbon is in growing global demand. Japan has also
attracted the attention of blue carbon because it is surrounded by the ocean.
Simultaneously, the cosmetics industry has been undergoing a significant shift toward
sustainability-oriented practices, exemplified by movements such as clean beauty and
ethical beauty, which integrate environmental awareness and social responsibility into
product development and branding. Although clean beauty has started mainly in Europe
and the United States, in recent years, its concept has been gaining attention
domestically in Japan, and its value is believed not to naturally derived, but in how it is
designed to coexist with the global environment.

However, despite its potential significance, public awareness of blue carbon remains
limited, and its integration into consumer markets, particularly in the cosmetics sector,
has been slow.

This study aims to:

-Clarify consumer perceptions of cosmetics that utilize blue carbon related ingredients
-Analyze the relationship between environmental awareness and consumers’ purchase

intentions toward such products.
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2. Corporate Engagement with Blue Carbon: Carbon Credit Systems and Sustainable

Innovation

2.1 The Global Context of Climate Change and Corporate Responsibility

Global warming has intensified natural disasters, disrupted ecosystems, and
destabilized food and water security. In response, the international community has
1dentified reduction of greenhouse gas emissions as a top priority. Corporations are
expected to minimize their environmental impact and transition toward sustainable
business management.

In this context, environmental responsibility and social contribution have become central
to corporate value and brand reputation, especially in consumer-oriented sectors such as

the cosmetics industry beyond the products’ safety.

2.2 Carbon Credit Systems and the Rise of Blue Carbon

Amid increasing environmental regulations, many corporations have turned to carbon
credit systems to achieve carbon neutrality. This mechanism allows companies to offset
their CO : emissions by purchasing credits that represent the verified emission
reductions or absorptions achieved by other entities.

Traditionally, most carbon credits, known as green carbon, are derived from terrestrial
ecosystems such as forests. However, in recent years, blue carbon, the carbon absorbed
and stored by marine and coastal ecosystems such as seagrass meadows, tidal flats, and
mangrove forests, has drawn growing attention for its long-term carbon sequestration
potential and contribution to climate change mitigation.

In Japan, the government supports blue carbon initiatives through partnerships among
local governments, research institutions, and private companies. The official national
credit system, J-Credit, certifies and trades carbon credits based on two main
mechanisms: (1) emission reduction credits achieved through energy efficiency or
reduced fossil fuel use and (2) absorption credits generated through afforestation and
forest management (green carbon).

In parallel, J-Blue Credit, administered by the Japan Blue Economy Technology
Research Association, has been established as a specialized certification and trading

scheme for blue carbon projects, signaling a new phase in Japan’s carbon offset market.

2.3 Corporate Involvement in Blue Carbon Initiatives
Corporate engagement with blue carbon initiatives can be broadly classified into three

types: (1) direct contributions to blue carbon ecosystems, (2) supportive participation
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through partnerships, and (3) offsetting through the purchase of J-Blue credit.

A notable example of direct involvement is the initiative of Nippon Steel Corporation,
which utilizes steel slag, a by-product of steelmaking, to promote the formation of
seaweed beds that enhance CO: absorption. This approach simultaneously contributes
to blue carbon creation and resource efficiency by converting industrial waste into
materials that support marine habitats, illustrating how environmental innovation can
generate ecological and economic value.

Supportive participation is more common in blue carbon projects because marine
ecosystems are typically managed by national or local governments. In this context,
private companies often contribute through financial, technological, or logistical support,
rather than acting as project leaders. Such participation enables firms to strengthen
their sustainability credentials and corporate reputations.

Finally, corporations may engage in blue carbon through offsetting mechanisms such as
the J-Blue Credit market. Although blue carbon credits generally command higher prices
than terrestrial (green carbon) credits, reflecting their technological complexity and
environmental value, they are increasingly viewed as a promising option for future

climate mitigation owing to the high carbon storage potential of marine ecosystems.

3. Blue Carbon Ecosystem and Sustainable Cosmetics Industry

3.1. Blue Carbon and Marine Ecosystems Marine Ecosystems Services Relevant to
Cosmetic Industry

Blue carbon and marine ecosystems, particularly seagrass beds and mangrove forests,
play crucial roles in global carbon sequestration. Furthermore, while coral reefs are not
major carbon sinks, they play a foundational role in supporting blue carbon ecosystems
through coastal protection, biodiversity maintenance, and strengthening ecosystem
resilience. These functions are essential not only for the health of blue carbon habitats
but also for the sustainability of marine-derived resources used in the cosmetics industry.
However, corals are already classified as endangered species, and it is estimated that
70-90% face a severe risk of disappearance if the average temperature rises by 1.5°C.
Because corals coexist closely with symbiotic algae, the degradation or disappearance of
coral reefs is likely to cause a decline in the functionality of the entire associated marine
ecosystem, including symbiotic algae, and consequently negatively impact the ecological
connections with blue carbon ecosystems.

Mangroves are also facing a crisis, with 50% of the world's mangrove ecosystems at risk

of collapse due to deforestation and pollution. Among the mangroves themselves, 20%
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are classified as endangered species according to CITES4 . These marine and coastal
habitats can capture and store carbon at rates several times higher than those of
terrestrial forests, with sediments serving as long-term carbon sinks (Nellemann et al.,
2009; Mcleod et al., 2011). Beyond carbon storage, these ecosystems provide essential
ecosystem services, such as coastal protection, biodiversity conservation, and water
purification (Macreadie et al., 2021). In particular, mangrove forests are gaining global
attention as the next major carbon sink and for biodiversity conservation. Mangroves
have long been used not only as timber, but also in cosmetics and health foods because
of their high antioxidant properties. However, in recent years, environmental and social
1ssues have arisen in Southeast Asia, where mangrove forests are being cleared to create
farmland that meets the growing demand for palm oil (Nagai, 2025). Even in corals, some
ultraviolet absorbers and plastics have caused pollution that puts them at risk of
extinction, making it urgent for the industry to address chemical and plastic pollution.
In recent years, the concept of blue carbon has gained traction in climate policy and
corporate sustainability. Many countries, including Japan, have started incorporating
blue carbon initiatives into their national carbon accounting systems, recognizing their
dual environmental and socioeconomic value (Howard et al., 2017). However, while
industrial applications, such as the use of marine biomass in biofuels and materials, are
increasingly being studied, their connection to consumer goods, particularly in the
cosmetics industry, remains underexplored.

Blue carbon initiatives in the cosmetics and daily goods industries are still limited, and
remain largely at the CSR level. KOSE's SEKKISEI brand works on the conservation of
domestic coral as a project named “SAVE the BLUE Ocean Project.” Takai (2025, in
Takashima, 2025) pointed out that sustainable brand strategies in the cosmetic industry
should emphasize the role of brands in solving social challenges (pp. 109-124). P&G
launched efforts to conserve and restore mangrove forests in Palawan, Philippines (e.g.
July. 2020). This project aims to conserve and restore mangrove forests covering 110,000
acres (approximately 445 square kilometers). Thus, it seems that the main connection
with blue carbon is primarily through conservation activities as a company, rather than
promoting it through use as a raw material.

3.2 Sustainable and Marine-derived Cosmetic Trends

4 The Convention on International Trade in Endangered Species of Wild Fauna and Flora

5 "SAVE the BLUE" is primarily a global environmental initiative by the Japanese skincare brand
SEKKISEI (KOSE) since 2009, focusing on ocean conservation, particularly coral reef restoration in
Okinawa, through activities like coral planting and supporting sustainable practices, linking product
purchases to environmental action worldwide. The project extends internationally, supporting tree
planting (China, Korea, Indonesia), coastal clean up (Malaysia) , marine conservation (Hong Kong)
and coral reef conservation (Taiwan, Thailand, Singapore, America) in various regions.
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Marine-derived cosmetics have recently gained attention owing to their environmental
orientation, particularly in relation to marine ecosystem protection and ocean-friendly
sourcing. Rather than constituting a formally standardized category, the term is used
here as an analytical concept to describe cosmetic products and strategies that
emphasize reduced environmental impact on marine ecosystems.

In practice, marine-derived cosmetics are often positioned within the broader framework
of clean beauty, prioritizing ethical sourcing, transparency, and sustainability across the
product life cycle. Although clean beauty lacks a universally accepted academic
definition, it generally reflects consumer demand for safety, environmental responsibility,
and clear labeling. Marine-derived ingredients, such as seaweed-based materials, are
increasingly being incorporated into cosmetics in alignment with these expectations.

At the same time, the concept of “blue cosmetics” remains fluid and underdeveloped,
shaped primarily by industry narratives rather than formal policy or certification
schemes. Although marine resources are gaining recognition in climate-related
discussions, particularly in the context of blue carbon, the integration of marine
ecosystem conservation and carbon sequestration benefits into cosmetic branding
remains fragmented. Empirical research examining how these concepts are
communicated to consumers remains limited, highlighting the need for further

investigation at the intersection of blue carbon and clean beauty.

3.3. Consumer Perceptions of Algae Cosmetic products and Eco-Labeled Products

A number of secondary metabolites derived from algae are known for their skin benefits,
such as moisturizing effects, radiance, anti-aging, skin hydration, and skin balancing
and purify etc.,(A Aslam et al., 2021). Cultural and geographical contexts also
significantly influence the consumer acceptance of algae-based cosmetics. In Asia,
particularly in Japan, algae ingredients are culturally familiar and associated with
functionality and skin health (Bleakley & Hayes, 2017); However, this familiarity can
reduce perceived novelty, requiring branding to emphasize efficacy rather than
sustainability alone. European consumers generally show high receptivity driven by
strong sustainability consciousness, familiarity with natural and marine-derived
ingredients, and trust in eco-certification schemes. In the United States, consumer
awareness of algae-based cosmetics remains limited, but acceptance increases when
products are framed around clean beauty, biotechnology, and performance benefits,
rather than environmental value alone.

Algae have gained much attention for the exploration of environmentally friendly

bioactive substances that are safe and naturally occurring (Marinoa et al., 2020; Aslam
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et al. 2021). Regarding environmental considerations, consumers can use certifications
as a guide when choosing products and brands. Research on sustainable consumption
indicates that eco-labels and sustainability claims can significantly influence consumer
attitudes, brand trust, and purchase intentions (Testa et al., 2013; Grankvist & Biel,
2007). Nevertheless, the effect depends on the perceived authenticity, familiarity with
the label, and environmental knowledge (Thogersen et al., 2021).

»”

In the cosmetics domain, eco-labels such as “organic,” “climate neutral,” and “ocean safe”
ocean safe are increasingly being used to signal responsibility. Eco-labels related to
marine materials include the MSC Fisheries Certification and Reef Safe/Reef Protection.
Yet, studies show a persistent “attitude—behavior gap,” where consumers express
environmental concern but do not consistently act upon it in purchasing decisions (White
et al., 2019). The relatively new concept of 'marine-derived cosmetics’ presents both an
opportunity and a challenge: it can appeal to environmentally conscious consumers, but
may require education and credible storytelling to build trust and understanding.

However, there is a lack of a certification system for the use of algae-based materials in
cosmetics and the impact of material instability on the certification system. In addition
to institutional ambiguity, the biophysical variability of marine resources poses
governance challenges. Environmental variability in algal growth caused by ocean
acidification and nutrient dynamics further complicates the standardization of marine-
derived cosmetic ingredients. Fluctuations in biomass productivity and biochemical
composition challenge the establishment of stable quality benchmarks, undermining the

feasibility of certification schemes for algae-based cosmetic claims.

3.4. Research Gap

Despite the growing practical interest in seaweed utilization, significant gaps remain in
the academic literature. First, existing research is highly fragmented across disciplines,
such as food science, marine ecology, and environmental studies, with limited integration
of consumer behavior and marketing perspectives. While the technological and
functional aspects of seaweed have been extensively examined, little attention has been
paid to how environmental value is translated into consumer value and market outcomes.
Second, in the Japanese context, the taken-for-granted status of seaweed as a traditional
food and cosmetic has reduced its perceived novelty as a research subject. Although
substantial research has addressed nutritional and functional properties, studies
focusing on consumer perception, value creation, branding, and market formation are
lacking. This imbalance limits our understanding of how seaweed-based foods might be

repositioned or differentiated in contemporary and sustainability-oriented markets.
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Third, the conceptual linkage between seaweed and the blue carbon framework
remained weak until recently. Prolonged debates over carbon sequestration and the
absence of a clear policy foundation have constrained academic incentives to examine
the environmental value of seaweed beyond ecological or technological dimensions. Few
studies have explored how blue carbon narratives influence consumer awareness,
corporate strategy, and market development.

Finally, the industry structure reinforces these gaps. Seaweed utilization is
predominantly embedded in B2B supply chains, in which processing firms control key
technological and market information. Corporate priorities tend to favor technological
development over consumer research, resulting in the limited availability of consumer-
side data for academic analysis.

Taken together, these gaps indicate a lack of integrated research connecting
environmental value, industry structure, and consumer markets. Addressing this gap
requires an interdisciplinary approach that examines seaweed not only as a functional
food or ecological resource but also as a marketable sustainability-related product

shaped by consumer perceptions, branding strategies, and institutional contexts.

4. Methodology

4.1 Research Design

This study employed a mixed-methods approach, combining a web-based questionnaire
survey with follow-up qualitative interviews to explore consumer perceptions of blue
carbon—related marine-derived cosmetics. Given the exploratory nature of the study and
its limited sample size, the results are interpreted as indicative of emerging consumer

trends rather than statistically generalizable findings.

4.2 Survey Procedure

An online survey was conducted with general consumers, and 18 valid responses were
obtained. The questionnaire consisted of 20 items, including multiple-choice and open-
ended questions, and examined (1) awareness of sustainability-related concepts (Clean
Beauty, biodiversity, and blue carbon), (2) perceptions of marine-themed cosmetic
product imagery, (3) evaluations of product safety and environmental friendliness, and
(4) purchase intention and WTP for marine-derived cosmetic products.

Participants were shown an Al-generated image of a fictional cosmetic product
formulated with marine resources (e.g., seaweed extracts) and labeled as “Climate

Friendly,” designed to represent a hypothetical blue carbon—conscious cosmetic. The
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respondents were asked to evaluate their impressions and perceived environmental
value of the product.

To complement the survey results, follow-up interviews were conducted with five female
participants under the age of 40 years, a key target demographic for clean beauty
products. These interviews focused on perceptions of blue carbon concepts, trust in
sustainability-related labeling, and attitudes toward the use of marine resources in
cosmetics. All responses were analyzed to identify recurring themes related to

environmental awareness, trust, and purchase intention.

Image 1. A virtual creation of an ideal “Blue Cosmetic”, showing the Al-generated®

image to respondents (such a cosmetic does not exist)

5. Results

5-1. Quantitative Findings

5-1-1. Awareness about Blue Carbon

General awareness of blue carbon dropped below 22%. A relationship between blue
carbon and biodiversity was also suggested; however, while awareness of biodiversity
was about 72%, there were few responses indicating a connection with cosmetics.

Upon revisiting and providing details (cf. Figure A-1) showing that Imagel is a cosmetic
product of blue carbon, 94% of respondents answered that this product is indeed

considerate of blue carbon. From this, it could be said that awareness of blue carbon is

6 Author Created by Chat GDP 5.2 on Aug. 2nd 2025



WBFn e 7 RSB E 2 ARFGERT 2025 45 fd 2
<L/ — >

low, but with an explanation, it could be easily understood, even in the context of

cosmetics.

5-2-2. Positive association with marine-derived cosmetic
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Figurel. Which aspects do you think consider blue carbon? (Multiple answers are

allowed)

The respondents most frequently recognized sustainability-related attributes associated
with the use of seaweed ingredients and packaging. In particular, the carbon dioxide
absorption capacity of seaweed and the use of seaweed biomass plastic in containers were
each identified by ten respondents. The use of seaweed-based ingredients was also
commonly observed (n = 7). Moderate levels of recognition were observed in the absence
of UV absorbers, efforts to reduce plastic use, use of sustainably sourced seaweed- and
shark-derived materials, and contributions to coral reef protection (each n = 6).

In addition, five respondents indicated an awareness of sustainability certifications and
disclosures regarding blue carbon calculations and carbon neutrality on the company’s
brand website. Organic ingredients were identified by four respondents, while limited
use of chemical substances was noted by three respondents. Very few respondents
recognized the use of certified palm oil or the avoidance of materials derived from
endangered species (n =1 each), and none identified the use of domestically sourced
ingredients. No respondents selected negative evaluations (“do not really think so” or “do

not think so at all”) in Q4, nor did any indicate that none of the listed attributes applied.

10
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It can be seen that five respondents felt the following appeals for this product (Imagel):
The product uses seaweed components that absorb CO2 and a biomass package. Second,
sustainable sourcing of ingredients, such as seaweeds and sharks. Third, UV absorbers
were not used for coral conservation. Fourth is the reduction of plastics (petroleum-
based). Fifth, the product received sustainable certification.

The results indicate that the product is easily associated with blue carbon because it is
derived from seaweed. Respondents also had a high level of environmental awareness.
Additionally, most respondents responded that using this product would likely help them
achieve clean beauty and sustainable beauty. In other words, it can be understood that
these elements take blue carbon into consideration while contributing to the protection

of the Earth's environment and ecosystems.

5-2-3. Willingness to Pay and Purchase Decision Factors for Cosmetic Products

Regarding willing to pay, the majority have a high WTP, and about 72% of people are
willing to purchase even when compared to lower-priced products with the same
functions that are not environmentally friendly. It could be understood that a price
incentive of a few hundred yen is not a major concern. However, whether to actually
make a purchase depends on whether the product is a cosmetic you want and includes

its functionality and the situations in which it is used.

5-3. Qualitative FindingsII

The survey2 provides the emerging themes of limited awareness, positive emotion,
importance of labeling transparency, and conditional WTP. To complement the
quantitative web survey, follow-up semi-structured interviews were conducted with five
respondents who had participated in the first questionnaire. The aim of this study was
to gain a deeper understanding of consumers’ cognitive and emotional responses to

cosmetic products featuring blue carbon—related materials and labels.

5-3-1. Limited Awareness but Positive Associations
Most participants reported limited prior knowledge of “blue carbon,” with several noting
that they had never heard of the term before. However, upon explanation, they expressed

”» o«

positive impressions, assoclating it with “marine friendliness,” “clean ocean,” and
“sustainable ingredients.” The word “blue” was often linked to freshness, trust, and
premium quality, suggesting that color symbolism may influence eco-perception in
cosmetics. Clearly, promoting blue carbon could be understood as people becoming aware

of the problem essences and their role in solving problems.

11
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5-3-2. Visual Cues and Labeling as Key Communicators

Participants found visual cues, such as marine imagery and the phrase “Climate
Friendly” to enhance product credibility. Several studies have noted that packaging
clarity makes the environmental contribution easier to understand. Terms like “Marine-
derived Cosmetic related to blue carbon” were perceived as appealing but required
supplementary explanation to avoid confusion. This indicates that transparent
environmental storytelling plays a crucial role in the formation of consumer trust.

However, companies must ensure that they do not engage in greenwashing.

5-3-3. Conditional of WTP

While participants expressed a general willingness to support environmentally
responsible brands, in discussing the details, price sensitivity remained a major
constraint. Many said they would consider purchasing blue carbon—based products only
if the price differences were within 10—-20%. Some have suggested the inclusion of small
gifts or visible corporate efforts (e.g., donations and refill systems) to increase perceived

value. Companies must provide a clear representation of price incentives.

5-3-4. Need for Consumer Education and Institutional Credibility
All participants emphasized that the concept of blue carbon remains abstract for the
average consumer. They called for simplified educational communication and third-party

certification to substantiate environmental claims and to avoid greenwashing.

6. Discussion

6.1 Packaging, Labeling, and Consumer Perceptions of Sustainability

The findings of this study demonstrated that cosmetic packaging functions as a critical
interface through which sustainability-related meanings are conveyed and interpreted
by consumers. Visual and linguistic cues embedded in packaging, such as references to
marine ingredients, carbon-related narratives, and eco-oriented material choices,
significantly shaped perceptions of sustainability and purchase intention. Consistent
with prior research, sustainable packaging design was found to enhance awareness of
environmental initiatives and, in some cases, increase WTP.

Importantly, respondents’ reactions to product imagery and labeling suggest that
packaging is not merely a passive design element, but also an active medium of

environmental communication. Even when technical concepts, such as blue carbon, were

12
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not fully understood, participants were able to infer broader sustainability intentions
from packaging cues. This indicates that packaging operates as a heuristic device,
enabling consumers to make judgments regarding environmental responsibility under
conditions of limited information.

Sustainability-related labels play a particularly salient role in this context. Responses
to the “Climate Friendly” label revealed a dual reaction, characterized by both trust and
uncertainty. This ambivalence aligns with the findings of Pienwisetkaew et al. (2025),
who argued that climate-related labels can function effectively as part of a carbon
labeling strategy only when supported by credible sources, visual clarity, and behavioral
guidance mechanisms. In the absence of such supporting elements, label risk is
interpreted as vague marketing claims rather than meaningful indicators of
environmental performance.

Similarly, reactions to the term ‘Blue Cosmetics’ reflected a tension between positive
expectations and conceptual confusion. While some respondents welcomed the explicit
labeling that signaled environmental innovation, others expressed uncertainty
regarding its concrete meaning. This pattern mirrors the conclusions of Sastre et al.
(2022), whose systematic review highlights that unfamiliar or ambiguously defined eco-
terms can undermine consumer trust even when overall attitudes toward sustainable
packaging are favorable. Therefore, our findings underscore the importance of clear and
transparent communication when introducing emerging environmental concepts into
consumer markets. This transparency is closely aligned with the core principles of clean

beauty, which emphasize clarity, traceability, and consumer trust.

In summary, this study suggests that packaging and labeling are central mechanisms
through which sustainability narratives are translated into consumer perceptions, but

their effectiveness depends critically on clarity, credibility, and consistency.

6.2 Environmental Knowledge, Skepticism, and the Risk of Greenwashing

Despite the generally high levels of environmental awareness among respondents, the
results indicate that such knowledge does not automatically translate into purchase
intention. This finding corroborates prior research on organic and sustainable beauty
products, which has shown that environmental knowledge alone is insufficient to
overcome consumer skepticism (Kifaya, 2024). In the context of blue cosmetics,
skepticism appears to stem from doubts regarding the authenticity, measurability, and
environmental impact of marine-based claims.

This skepticism is closely related to broader concerns regarding greenwashing. The

13
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coexistence of trust and suspicion observed in responses to “Climate Friendly” and “Blue
Carbon” labels reflects an increasingly critical consumer mindset. As noted by NATRUE
(2025)7 , while consumers are attracted to claims such as “natural” and “organic,” they
are also more likely to question these claims when transparency and verification are
lacking. This study reinforces this view by demonstrating that sustainability appeals can
simultaneously motivate interest and trigger doubt.

From a theoretical perspective, these findings highlight the credibility gap in
sustainability communications. Consumers are no longer passive recipients of
environmental claims; rather, they actively evaluate their plausibility and legitimacy.
When information is perceived as insufficient or ambiguous, skepticism may override
positive environmental attitudes, thereby weakening the purchase intention. This
dynamic suggests that managing the boundary between effective sustainability
signaling and perceived greenwashing is a central strategic challenge for blue cosmetics.
Overall, the results indicate that consumer skepticism functions as a mediating factor
between sustainability claims and behavioral outcomes, emphasizing the need for

verifiable and comprehensible environmental communication.

6.3 Institutional and Governance Implications for “Blue Cosmetics” and Clean Beauty
The findings of this study indicate that the challenges observed in the emerging marine-
derived cosmetics market are not primarily driven by a lack of technological innovation
but rather by the underdevelopment of institutional and governance frameworks
required for social acceptance. This structural imbalance, in which innovation advances
faster than regulatory, evaluative, and communicative mechanisms, is characteristic of
the broader bioeconomic sector (Gawel et al., 2018; 2019).

As Briner (2018) argues, the bioeconomy should not be understood solely as a
technological or market-oriented strategy but as a process requiring institutional, social,
and normative transformation. Governance, in this context, extends beyond regulation
to encompass mechanisms that shape shared values, expectations, and trust among
stakeholders. Within the cosmetics sector, consumers have emerged as central
governance actors, as their acceptance directly influences the legitimacy of sustainability
claims and market viability. This perspective has important implications for eco-
labelling and environmental communication.

In the case of blue cosmetics, technological developments, such as algae-derived

ingredients, blue carbon—related innovations, and environmentally conscious packaging,

7 NATRUE Report (2025). Consumer Trust and Transparency in Natural and Organic Cosmetics.
Brussels: NATRUE International Natural and Organic Cosmetics Association.

14
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have progressed rapidly. However, corresponding institutional foundations remain
insufficiently developed. Standardized safety assessment protocols, quantitative
indicators for environmental contribution, and clear regulatory or certification
frameworks for claims such as “Blue” or “Climate Friendly” are still lacking.
Consequently, environmental claims associated with marine-derived cosmetics often
lack a shared interpretive framework among producers, regulators, and consumers.
Safety assessment represents a critical governance challenge. While seaweed-derived
ingredients are generally regarded as low-risk, their chemical composition varies
depending on growth conditions and extraction methods, raising concerns related to
allergenicity and contamination by substances such as heavy metals (Mufioz et al., 2024).
In Japan, industry—academia—government collaboration has demonstrated that such
risks can be addressed through standardized testing and compliance with Quasi-Drug
Ingredient Standards, underscoring the importance of institutionalized safety
verification at both ingredient and product levels.

At the same time, the widespread perception of marine-derived ingredients as inherently
“natural” or “environmentally friendly” creates a risk that products may be introduced
without adequate safety evaluation or transparent disclosure. Under conditions of
institutional ambiguity, labels emphasizing “blue” or “climate-friendly” attributes may
generate consumer confusion, skepticism, or accusations of greenwashing, ultimately
hindering market formation. The coexistence of positive expectations and distrust
observed in this study reflects this governance gap, rather than consumer resistance to
sustainability itself.

Recent international developments have reinforced the expectations of governance.
Entry into force of the BBNJ Agreement strengthens the requirements for biodiversity
conservation, access, and transparency beyond national jurisdictions. Although not
designed as a climate policy instrument, its emphasis on marine ecosystem protection is
likely to increase scrutiny of marine biomass sourcing and indirectly raise expectations
for traceability and science-based sustainability disclosure within the clean beauty sector.
Taken together, these findings suggest that the sustainable growth of marine-derived
cosmetics depends not only on continued technological innovation, but also on the
parallel development of governance mechanisms. Establishing standardized evaluation
criteria, credible third-party certification systems, and transparent communication
frameworks 1s essential for translating technological potential into consumer trust,

market acceptance, and long-term institutional legitimacy.

In summary, the results converge on three core findings: (1) packaging design and

15
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sustainability labeling directly influence consumer awareness and purchase intention;
(2) skepticism and perceived transparency mediate this relationship; and (3)
technological-institutional mismatch in the blue cosmetics market.

While blue carbon remains a relatively new and under-recognized concept, the findings
suggest that when communicated through credible and comprehensible messaging, it
has strong potential to enhance consumer engagement within the clean and sustainable
beauty markets. These transparency disclosures can be considered clean beauty.

These findings align with the “Blue carbon” survey (n=18), which indicates that ensuring
credibility is essential to enhance consumer purchasing.

Although blue carbon is a relatively new concept with low awareness, transparent
sustainability disclosure demonstrates strong potential to increase consumer
engagement in the clean and sustainable beauty market and can itself be considered a
component of clean beauty.

In addition, the discussion situates these findings within the emerging governance
landscape shaped by the BBNJ Agreement, suggesting that clean beauty brands using
marine resources will face increasing expectations for biodiversity accountability and

traceable blue carbon alignment.

7. Conclusion and Future Implications

This study explored the relationship between consumer environmental awareness and
the perceived value of cosmetics that utilize blue carbon-related marine resources such
as algae and coral (symbiotic algae). The findings demonstrated that sustainability-
oriented packaging and explicit communication of climate-friendly attributes can
enhance consumer engagement, particularly among individuals with higher pro-
environmental attitudes. These results support the hypothesis that marine-derived
cosmetics are related to blue carbon appeal to environmentally conscious consumers by
signaling ecological responsibility and innovation within the beauty industry.

However, the study also revealed a significant gap between environmental awareness
and actual purchasing behavior. While many respondents expressed positive attitudes
toward climate-friendly or marine-derived cosmetics related to blue carbon, uncertainty
regarding the credibility and environmental effectiveness of such claims often moderated
their willingness to buy. This aligns with previous research on eco-label skepticism and
the limits of green marketing when transparency is insufficient (NATRUE, 2025; Cross-
country Study on Organic Beauty Products, 2024).

Practically, these findings have several implications for industry stakeholders. First,
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clear and transparent communication about the environmental benefits of marine-
derived ingredients is crucial for building consumer trust. This also supports the concept
of clean beauty’. Second, educational initiatives explaining the concept of blue carbon
and expanding regulations and systems can enhance the perceived legitimacy of related
products and strengthen their market differentiation. Therefore, it is necessary to
understand the importance of blue carbon. In the future, efforts to educate people about
the concept of blue carbon and enhance easy-to-understand certification systems are also

expected.

<Appendix>

This cosmetic is a Japanese-made cosmetic cream based on an extract extracted from sustainably sourced
seaweed. It uses mineral-rich domestic seaweed extract. It contains organic argan oil, which is rich in
vitamin E and provides antioxidant benefits for the skin. The argan oil also provides natural UV
protection, so no UV absorbers used. It uses fullerenes derived from sustainably sourced sharks, which
help maintain healthy skin and leave it feeling moisturized and plump.

The packaging is made from 100% seaweed biomass plastic. The lid is made of wood earned FSC
certification. It is also sold package-less to eliminate excessive packaging.

The product and brand are both certified.

The brand website clearly displays the company's own industrial seaweed farming and its blue carbon
calculations. Furthermore, as part of its corporate social responsibility (CSR) activities, the company is
involved in mangrove forest conservation in Southeast Asia.

Examples of key ingredients: Fucoidan (seaweed ingredient), argan oil, fullerene, vegetable oil (certified
palm oil), vegetable alcohol, etc.

Free of: Petroleum-derived ingredients, surfactants, ingredients from endangered species, preservatives,
artificial fragrances, UV absorbers, microbeads and other plastic ingredients.

Domestic ingredients: Over 85% (excluding argan oil and palm oil).

Sustainable certifications: RSPO certified, biomass certified, MSC (ASC-MSC seaweed) certified, I[CEA
certified, FSC certified, Reef Safe (reef = coral).

(*In reality, such cosmetics do not exist. All ingredients are required to be listed in real cosmetics.)

Figure A-1*. Fictional product description of imagel
(*Quoted from the Surveyl)
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The legends that are hidden in the Figurel are indicated the below.

Using seaweed ingredients 7
Seaweed absorbs CO2 10

Does not use UV absorbers 6

Many domestic ingredients are being used

[y
=)

Using seaweed biomass plastic for the containers

Working on reducing plastic

Using sustainable seaweed and shark-derived materials

Granted a sustainable certification

Chemicals not used so much

No materials from endangered species are used

Using certified palm oil

Using organic ingredients

Q| | H [ R |W ||| O

Blue carbon calculation and carbon neutrality written on the company's brand
page
Protecting coral reef

Chose "don't really think so" or "don't think so at all" in Q4

[ep]

Nothing applies 0

TableA-2. Answer Legend Figurel of Q6. “Which aspects do you think consider blue
carbon? (Multiple choice)”
(*Quoted from Surveyl)
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