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Abstract

This study examines the global wood products market to propose an eco-label for the
Chilean sector with an international orientation. A national prior certification framework
and governance structure were established, aligned with international regulations to ensure
compliance with target market standards. By doing so, the initiative aims to expedite
the entry of Chilean products into foreign markets while incentivizing the supply and
demand for sustainable goods locally. Through a historical review of eco-labels and an
assessment of environmental declarations in the timber industry, this research identified
critical regulations and designed a comprehensive management model. The findings reveal
that existing certifications predominantly focus on indoor air quality (LAQ), specifically
regarding volatile organic compound (VOC) and formaldehyde (HCHO) emissions in
wood products for the construction sector (CLT, GLULAM, panels, etc.) using fossil-
based adhesives. This study concluded that governance should be spearheaded by the
Chilean Environment Ministry in collaboration with a specialized technical committee.
Consequently, as a result, a hybrid (quantitative and qualitative) eco-label is proposed to
communicate emissions limit compliance, enabling Chilean firms to report it emissions,
prior to initiating formal international certification processes.

Keywords: VOC emissions; glued wood products; wood-based product eco-labels; VOC
eco-labels; wood industry eco-labels

1. Introduction

The challenges associated with climate change, as well as the exponential depletion
of renewable natural resources over time, are consequences of global population growth.
At a turning point that appears increasingly complex, there is a growing need to create
sustainable and inclusive pathways for socioeconomic growth [1]. In this regard, the
1987 Brundtland Report, presented by the UN, promotes the idea of sustainability as
actions that meet the needs of the present without compromising the ability of future
generations, in terms of the responsiveness and availability of the necessary resources. The
report highlights three fundamental aspects: safeguarding environmental sustainability
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(ecological aspect), encouraging behaviors related to equal treatment within the same
generation as well as between different generations (social aspect), and meeting the basic
needs of human beings (economic aspect) [2].

From an ecological perspective, sustainability is directly linked to biodiversity and the
health aspects of ecosystems. Both have been undermined by human daily activities, such
as urban development, indiscriminate exploitation of forest and water resources, various
industrial activities, excessive land use, and inefficient management of agricultural lands,
which, taken together, have caused significant changes in climate patterns worldwide [3].
This has resulted in an increase in species loss ranging from 100 to 1000 times that of
natural extinction (pre-human) [4], leading the planet into a state of environmental crisis
that has an immediate impact on human health [5]. Furthermore, sustainability in the social
field aims for equity in both benefits and costs regarding environmental management by
each and every individual. In this regard, diverse human resources must be integrated to
promote cultural and economic diversity, as well as the unique identity of each place and
its biodiversity. Consequently, sustainable social development is based on equity, improved
quality of life, and the well-being of individuals and communities, where the evolution
of public and private entities—which design policies and practices for development—
ensures conscious and responsible management of the planet’s available resources [6].
On the other hand, economic sustainability must aim to meet people’s short-term needs
(food, poverty reduction, improved quality of life), which are often contingent upon
the growth of the local economy. Today, in order to promote economic growth, non-
renewable resources are managed to the limit of their availability, compounded by a lack of
responsibility in the management of those that do, indeed, renew over time. Naturally, this
is not sustainable for human development [2]; thus, it has been observed that achieving
sustainable economic development is linked to market instruments and systems aligned
with sustainable development goals through marketing policies and standards that promote
those goals, including improvements in the environmental performance of production
processes from start to finish [7]. Sustainable economic development, therefore, refers
to the financial viability and economic growth of a system without depleting available
resources [8].

Therefore, the greatest challenge facing humanity is to harmonize ecological and social
development and economic growth for the comprehensive advancement of humanity,
without neglecting the environment [9]. The construction industry has a significant impact
on these three areas, as it consumes a large portion of natural resources [10], generating
high volumes of CO, emissions and solid waste; nevertheless, it has a positive impact
on the social and economic development of communities. Thus, wood emerges as an
interesting alternative for mitigating the environmental impact of this industrial sector [11].

From an environmental perspective, wood is an attractive material because it is renew-
able, environmentally friendly, and capable of storing CO,, the primary gas responsible for
global warming (GW) [12], thereby contributing to decarbonization [13,14] and reducing
greenhouse gas (GHG) emissions [11,15,16].

According to Frithwald et al., 2003 [17], every cubic meter of wood used to replace
conventional construction materials can reduce CO, emissions into the atmosphere by
an average of 1.1 tons. Including the 0.9 tons of carbon sequestered in timber, the total
offset reaches 2 tons of CO, per cubic meter. Furthermore, it is well known that the
construction sector has a significant impact on the effects of climate change (CC) [18,19], as
it consumes 50% of natural resources, 40% of annual energy, and 12% of global drinking
water, respectively, accounting for 38% of global GHG emissions. Therefore, it is precisely
in this sector where the challenges of mitigating these effects must be addressed [20].
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Wood, as a biomaterial, offers great potential due to its low environmental impact,
related to climate change [21], especially in products such as plywood, fiberboard, and
particleboard [22], whose value is directly linked to their aesthetic appeal and lower en-
vironmental impact compared to materials such as steel or concrete [23]. Nevertheless,
incorporating wood into sustainable building systems requires consideration of the techni-
cal and environmental aspects of its processing across the entire value chain.

On the one hand, the forestry and timber industry has agreed to disclose the envi-
ronmental impact of its economic activities at the international level through certifications
known as the Forest Stewardship Council (FSC) and the Program for the Endorsement
of Forest Certification (PEFC), which aim to ensure sustainable forest management by
safeguarding aspects such as biodiversity, as well as social and economic standards, for
communities surrounding forest resources [24]. The FSC is quite popular among these
types of certifications, as implementing it opens the door to international markets that
promote environmentally responsible production. Both the FSC and PEFC are present in
Chile; the latter operates through CERTFOR, a Chilean standard that endorses sustainable
practices in forest management, along with its chain of custody [25].

Moreover, processed wood involves a wide range of products that may require addi-
tional processes, specific to their application, which could undermine its characteristics as
a sustainable material. In general, coated and glued wood contributes to the generation
of VOC emissions, such as terpenes, aldehydes, ketones, alcohols, aromatic hydrocarbons,
acids, and esters [26] Although wood itself generates VOCs, significant emissions come
from the products applied to it (primarily coatings and adhesives). It is estimated that more
than two-thirds of wood-based products require adhesives for assembly [27]. Although
these adhesives are essential for ensuring structural integrity, they can compromise the
sustainability of the final product due to their petrochemical origin and VOC emissions
throughout their life cycle. Currently, more than 90% of the adhesives (of the market share
in the wood adhesive industry) [28] used in the manufacture of wood products are of
petrochemical origin, primarily formaldehyde-based resins, such as urea—formaldehyde
(UF), phenol-formaldehyde (PF), and melamine—formaldehyde (MF) [29,30]. It has been
reported that their petrochemical base and the use of aldehydes such as formaldehyde,
glutaraldehyde, or acetaldehyde raise serious challenges in terms of toxicity and sustain-
ability [31-33]. In this regard, wood adhesives are the products that raise the greatest
concern due to the VOCs they emit, which affect indoor air quality (IAQ) and cause respi-
ratory diseases, allergies, cognitive impairments, and cancer, among other health problems
[34-36]. In the case of wood products bonded with formaldehyde-based adhesives, it has
been reported that these primarily emit formaldehyde (HCHO) [31], a compound classified
as carcinogenic by the World Health Organization (WHO) (according to the International
Agency for Research on Cancer, IARC, 2005), which has established a limit concentration
for free HCHO in indoor environments of 0.1 mg/m? or 0.08 ppm [37]. The release of this
compound in indoor and outdoor environments has been the subject of numerous regula-
tions and scientific reviews due to its impact on human health and the environment [33].
Currently, the United Kingdom, China, and Japan have complied with this requirement
for non-occupational indoor spaces. In 2019, FORMACARE (the HCHO sector group of
the European Chemical Industry Council, CEFIC) established a voluntary agreement to
apply an occupational exposure limit of 0.3 ppm (8 h average) of free HCHO, which was
approved by the EU on 11 July 2021 [38], with Austria, Belgium, Denmark, Finland, France,
Germany, and Italy adopting it [37].

Regarding wood-based products, in August 2026, Germany will implement a market
emission limit of 0.062 mg/m? of HCHO [39], becoming the country with the strictest safety
requirements. On the other hand, the North American market demands formaldehyde
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emissions limits for wood products in the range of 0.05-0.13 ppm, depending on the type of
product [40]. Nowadays, domestic companies are deeply concerned about the emissions of
volatile organic compounds (VOCs), not only because of their impact on human health, but
also because of the resulting restrictions on the entry of wood-based products into various
global markets, which impose demanding health and environmental barriers [41-45], as
well as the lack of eco-design in these products, which is necessary to achieve sustainable
industrial development worldwide [46—49].

Furthermore, the problem of VOCs is exacerbated indoors, where various types can
be found, such as benzene, toluene, ethylbenzene, xylene (BTEX), formaldehyde (HCHO),
polycyclic aromatic hydrocarbons (PAHs), and inorganic pollutant compounds (O3, NOx;
or groups of highly reactive gases such as nitric oxide (NO) and/or nitrogen dioxide (NO,);
CO;y, SOy), which remain in the air at very high concentrations and often reach higher
levels inside rather than outside a building [50]. Figure 1 shows a diagram of the main
sources of VOCs, both outside and inside a home.
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Figure 1. Main sources of indoor air pollutants.

Given the above and the fact that the main export markets for the Chilean timber
industry are China, the United States, Mexico, South Korea, Japan, and the Netherlands
[51,52], Chile must align itself with the quality and safety standards in formaldehyde
emissions, led by the United States, and gradually approach European requirements in
VOC emissions, if it intends to enter new markets.

Given Chile’s current situation and its growing presence in international markets as
an exporter of wood-based products to North America, along with promising growth in the
European market, which involves the use of Product Category Rules (PCRs) established
by the Environmental Product Declaration (EPD) certification system, the objective of this
research was to propose an eco-label for wood products in Chile along with a governance
model, aligned with international regulations on volatile organic compound (VOC) and
formaldehyde (HCHO) emissions. This is achieved through a pre-certification framework
designed to facilitate and expedite international certification, thereby saving time and
financial resources for companies in the sector. Also, the proposal seeks to increase compet-
itiveness while promoting the supply of sustainable wood-based products within the local
construction industry.

2. Methodology

It is important to highlight that this study is exploratory and descriptive in nature.
Following the framework of Herndandez Sampieri et al., 2014 [53], and Creswell, J.W.,
2014 [54], it employs a qualitative methodology and a comprehensive documentary review
based on available global and local data—the latter being notably scarce in Chile. Also, it is
important to clarify that the main focus of this research is not to measure the economic or
environmental outcomes derived from the implementation of the proposed eco-labeling
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system. Instead, this study aims to identify and structure, based on a strategic certification
need of the Chilean wood industry—facing international markets characterized by different
and increasingly demanding regulatory systems—a local response capable of ensuring
compliance with the standards required by those markets.

Consequently, the purpose of this work is not to establish causal or statistical rela-
tionships. Instead, it aims to analyze in detail the specific needs of the Chilean forestry
and timber sector, while promoting environmental awareness at both the production and
end-consumer levels.

This section analyzes the most relevant and essential elements for design and manage-
ment proposal of an eco-labeling strategy for VOC emissions in wood products in Chile and
includes two stages of development. The first stage analyzes the historical background
and definition of eco-labels to trace their development and evolution, their global use,
their application in the construction sector and supply chains, as well as their use in Chile’s
wood industry and the industry’s approach to the use of these types of labels. The second
stage provides a situation state to identify the development of eco-labels or environmental
declarations in the global wood sector. Likewise, it covers the use of wood in sustainable
construction, the identification of IAQ indicators for wood-based products, and informa-
tive labels regarding VOC emissions worldwide. Finally, the standards and methods for
determining HCHO and VOC emissions in the North American and European markets
were reported, according to the product’s destination. Figure 2 shows the methodology
applied, for a better understanding of the study carried out.

HISTORICAL BACKGROUND
IN DEFINITION OF ECOLABEL

DEVELOPMENT AND EVOLUTION
OF ECOLABELS

GLOBAL USE OF ECOLABELS

ECO-LABELS IN THE CONSTRUCTION SECTOR
AND SUPPLY CHAIN

DEVELOPMENT OF THE TIMBER INDUSTRY
N CHILE AND THE USE OF ECOLABELS

USE OF WOOD IN SUSTAINABLE
CONSTRUCTION

INDOOR AIR QUALITY (IAQ) INDICATORS IN VOC'S
EMISSION LABELS ON WOOD PRODUCTS

Tl

SITUATION STATE OF ECOLABELING IN
ENVIRONMENTAL DECLARATIONS IN TIMBER
INDUSTRY AT A GLOBAL LEVEL

‘ STANDARDS IN METHODS FOR DETERMINING HCHO AND VOC'S

@ : IN NORTH AMERICAN AND EUROPEAN MARKETS
‘ ECOLABELS OF INTERNATIONAL ECOLABEL ANALYSIS }
@ ‘WOOD INDSUTRY ANALYSIS VOC'S EMISSIONS i
— CHILEAN WOOD T
MARKET ANALYSIS
| RESULTS: ANALYSIS TO DEFINE A PROPOSAL
FOR ECOLABELING OF VOC’S EMISSIONS AND
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L 2

ECOLABEL PROPOSAL
7 ®FOR THE CHILEAN TIMBER
i SECTOR

ANALYSIS OF ECOLABELING
INITIATIVES IN CHILE

Figure 2. Methodology scheme applied to achieve the results.

2.1. Historical Background and Definition of Eco-Labels

Conceptually, an eco-label is a voluntary tool [55], designed to manage and communi-
cate the environmental aspects of a product or service, giving it an identity that highlights
its environmentally friendly production [56]. Historically, eco-labels emerged following
the 1992 Rio Summit, where the International Organization for Standardization (ISO) was
tasked with developing a set of standards to communicate the environmental impact of
marketable products, based on an analysis of environmental aspects and potential impacts
associated with their life cycle, thereby defining a methodology known as Life Cycle As-
sessment (LCA), established in accordance with ISO 14040 [57], upon which Environmental
Product Declarations (EPDs) are based [58]. EPDs, determined by the Environmental Prod-
uct Declarations System (EPD System) [59], also define Product Category Rules (PCRs) for
reporting environmental impact to avoid information asymmetries and facilitate the com-
parison of the environmental performance of products that serve the same function [60],
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and are very useful for technical description, measurement, evaluation, and reporting
regarding a specific product undergoing LCA [61].

Therefore, to quantitatively assess the various types of environmental impacts, a
series of measurement indicators were developed, focusing on production processes from
an engineering rather than an environmental perspective [62]; thus, the possibilities for
intervention are more limited when compared to the initial stages of a product’s design
and conceptualization, which is where the most radical innovation processes originate and
where 80% of a product’s environmental impact has being determined [63].

In this regard, certain authors [64,65] have proposed that, to design sustainable prod-
ucts, they must be conceived with environmental considerations in mind from the earliest
stages of their life cycle—defined as the moment when a design opportunity or need is
identified, through conceptualization and life cycle planning, all the way to the recovery of
raw materials at the end of the product’s useful life. This is done in an effort to extend a
product’s life cycle [66], and this approach can be applied both to the creation of unmet needs
and to those that have been poorly satisfied, or that may be susceptible to improvement
through technological changes and advancements related to environmental enhancements.

2.1.1. Development and Evolution of Eco-Labels

Specifically, the use of eco-labels did not develop as expected. This was primarily due
to four key reasons:

First, related to the different types of labels, such as: Type I or qualitative eco-labels
(ISO 14024), Type II eco-labels—based on manufacturers” declarations, known as “self-
declared”—(ISO 14021), and Type III or quantitative labels, which present quantified and
measurable information based on Life Cycle Assessment (LCA) (ISO 14025) [67]. Of these,
Type I and III labels require certifications issued by a third party, demanding a large amount
of information regarding production processes and specifications for materials, raw ma-
terials, and energy consumption [55,68], which makes the certification process slow and
cumbersome, with limited validity periods, thereby increasing the cost of obtaining them
and forcing companies to disclose critical information about their production processes
and product characteristics [69]. Consequently, despite being highly reliable labels, they
have not achieved widespread adoption in the industry or in the market. Second, Type II
or qualitative eco-labels are not certified by a third party outside the company; therefore,
in addition to being free to obtain, they are very easy to acquire and remain valid indef-
initely [70]. The third issue relates to the use of different indicators to communicate the
environmental performance of products, creating information asymmetry at the market
level. This has prevented comparisons of environmental performance between similar
products within the same category in a specific industry, leading to consumer confusion
and making it, in these respects, an ineffective tool for guiding product preferences in the
market [71].

Finally, the use of ambiguous and inaccurate statements, which led to confusion and
mistrust among consumers [72-74], within the framework of a concept known as “green-
washing.” This concept refers to a marketing strategy that is misleading and inaccurate,
in which certain companies or institutions promote ecological or sustainable production
policies without actually adhering to them. To do so, they resort to advertising that makes
them appear responsible; nevertheless, they lack established and genuine environmental
actions to back up their supposed environmental responsibility policies, which has, over
time, created confusion among consumers [75]. For this reason, in the absence of clear
guidelines for declaring the environmental attributes of various products that claim to be
environmentally responsible, “greenwashing” has been gaining more and more ground in
the market because, even though the information is misleading, consumers perceive it as
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true, and this has allowed the concept to increase the competitive advantages of those who
have adopted it as part of their strategy for the mass marketing of their products [76].

For years, consumers have become increasingly concerned with identifying reliable
environmental information and the methodologies that support it. At the same time, the
market faces the challenge of communicating these data clearly, recognizing the direct link
between knowledge and environmental awareness. In this context, the use of eco-labels,
the development of political and economic strategies that subsidize sustainable products,
and the standardization of credible certifications are fundamental to promoting sustainable
consumption [77-80].

2.1.2. Global Use of Eco-Labels

The global scope of eco-labels is primarily framed within production policies, where
ecological attributes, technological innovation, and sustainability are of great importance.
In this regard, eco-labels aim to encourage producers and suppliers to offer products
and services that exceed minimum requirements, in order to develop a market system
where sustainability prevails. Therefore, the governments of each nation are called upon
to implement mandatory instruments and public policies (subsidies, environmental taxes,
economic incentives, etc.) to regulate such development [81].

A clear example is Germany, with its “Blue Angel” eco-label, which is classified as
a Type I label; this certification covers more than 12,000 products and services across 120
product categories at approximately 1500 companies worldwide [82]. Other countries
around the world also have eco-label certifications. The United States, for example, has the
“Green Seal” eco-label [83]; Japan has the “Eco-Rail Mark” [84], and China has developed
its “China Environmental Labelling Program” (CELP), led by the Ministry of Ecology and
Environment of the People’s Republic of China (MEE) [85].

Australia, meanwhile, has the “Good Environmental Choice Australia” (GECA) eco-
label [86], while Canada offers tools such as EcoLogo and UL Environment [87,88].

Concerning standards governing environmental attributes in major regions of the
world, the European Union—comprising mainly countries such as France, Germany, Italy,
and Spain—has the “EU Eco-label” certification [89] while countries such as Denmark,
Finland, Iceland, Norway, and Sweden are grouped under the “Nordic Swan” Eco-label,
which is consistent with the “EU Eco-label” [55,90].

It has been reported that in Latin America, countries such as Brazil [91], Colombia,
Mexico, and Costa Rica use local and international eco-labels or are attempting to develop
environmental communication strategies to improve and reduce information asymmetries
regarding the environmental attributes of various products [82]. In general, most of these
eco-labels can provide environmental certification for a variety of products; however, it is
important to note that this tool has been developed to expand local production into interna-
tional markets, adding greater value to products, reducing disparities in the information
provided, and increasing market competitiveness [92].

Findings from the literature on the evolution and use of eco-labeling globally
(1246 scientific publications) [93], indicated the following: The United States is the country
with the highest concentration of research and scientific publications related to eco-labeling,
accounting for 15.5% of all research conducted, and that this research focuses on the relation-
ship between market analysis, incentives, and the promotion of sustainable consumption
with a view to improving people’s quality of life. It was found that Europe is the continent
with the longest history of label use and that there has been an increase in demand for Type
III or quantitative eco-labels based on the management of information rigorously collected,
verified, and certified by a third party (external to the company), with an emphasis on
environmental protection and human health, using LCA methodology.
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Since 2010, various studies have identified a specific focus of eco-labeling on partic-
ular sectors; for example, Type I (or qualitative) labels were found primarily in the food,
agriculture, and seafood sectors. Similarly, Type III labels were primarily found in the
construction and forest products sectors, a trend that continues to rise for various materials
in this field [90]. Finally, it was found that between 2015 and 2019, there was an increase
in scientific publications regarding Type III eco-labels, focused primarily on unit-based
indicators related to carbon footprint or multiple indicators related to the environmental
footprint of products, emphasizing their focus on the type of consumer, supply chains, and
government policies related to high-economic-impact productive sectors, such as the food
sector, which has increasingly integrated Type III eco-labeling over time [94]. Evidence
was also found regarding certifications for forest production or wood products, as well as
the level of consumer education regarding the management and use of eco-labels in the
aforementioned sectors.

2.1.3. Eco-Labels in the Construction Sector and Supply Chains

To supplement what was stated in the previous section, in the construction sector,
the development of sustainable products is of vital importance for optimizing global re-
sources, since in this sector, a linear life cycle is generally assumed for product use, with no
recovery of materials at the end of the product’s useful life [66,95,96], and in this regard,
the development of eco-labels or environmental declarations has been directed towards
designers and construction companies or suppliers of building materials, but not towards
end consumers. This is because the construction sector has focused on meeting certification
standards such as Leadership in Energy and Environmental Design (LEED), developed
by the U.S. Green Building Council (USGBC), which have emerged in response to market
demands, in response to requirements from the sector itself rather than from political
legislation or social demands, aimed at minimizing environmental impacts resulting from
the use of raw materials, production processes, and/or operational phases in building
construction. Furthermore, these requirements have been addressed only to a limited extent
based on quantitative indicators, but primarily on qualitative environmental aspects [97].
Furthermore, it has been proposed that qualitative attributes take precedence over quanti-
tative ones, since evaluating the latter tends to increase the price of the final product, and
consumers are not willing to pay more than 10% to 13% extra for a sustainable product [98].
There is mistrust regarding the information provided about the product, as well as its
functional performance, leading to confusion regarding the concepts associated with such
information [71]. In addition, it has been reported that shifts in consumer habits towards
sustainable products are feasible but require significant social commitment, personal re-
sponsibility, democratic participation, and cooperative behavior, [99-101]. To this must
be added the difficulty related to international socioeconomic inequality, which has given
rise to rich and poor countries, with a poorly homogeneous global distribution of world
wealth [102].

Furthermore, with regard to supply chains related to sustainable production, it has
been argued that the development of a potentially sustainable product is based on a
viable business model, and that this viability is influenced by a set of regulations and
political-economic strategies, as well as both social and business actions [103]. The former
factors are intended to generate demand, and the latter to establish supply in response
to those social demands, thereby maintaining a balance between environmental and eco-
nomic pressures [104]. In this regard, maintaining this balance has become difficult due
to the globalization of supply chains and an increase in overconsumption [105]. Thus, for
companies to achieve sustainable economic performance, they will need to strengthen com-
plex linkages between products, remanufacturers, environmental metrics, return volumes,
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timelines, and quality throughout the entire supply chain and with each of its partici-
pants [62]. In this regard, the development of a conceptual framework for “sustainable
supply chains” is of vital importance, given the relationship between the “distributor,”

” i 7o

“suppliers,” “sector-specific regulations,” “government policies,” and pressures from “con-
sumer demand” [106]. Likewise, it is important to note that existing tools on the market
are also not very fast in terms of environmental communication; more than 25 industrial
sectors and 199 countries internationally, Denmark, Finland, Iceland, Norway, and Sweden
(Nordic Swan Eco-label), as well as the United States (ENERGY STAR) and China (MEE),
have implemented nearly 460 certification eco-labels [92]. In this regard, it has been ob-
served that the certification label features only a single type or category of environmental
performance, providing market-level information only on that type of performance, which
creates significant challenges for companies in communicating the environmental aspects
of their products. Additionally, there are multi-attribute eco-labels, such as Cradle to Cradle
(C2C) (Material Safety, Circularity, Energy/Climate, Water, and Fair Treatment), developed
in the U.S. and Germany with certification levels (Bronze, Silver, Gold, Platinum), where
the category with the worst performance determines the final certification [107,108]. There
is also the case of China and its Carbon Certification or eco-label, which features three
classifications—one, two, and three stars—for residential and commercial construction,
where the highest level of sustainability is achieved with three stars, based on the carbon
footprint [109,110]. All of this further complicates how companies communicate when
seeking to compete in the market by the ecological attributes of their products, a factor
that is becoming increasingly relevant given the current trend among consumers, who
are more environmentally conscious and, as a result, are willing to pay higher prices for
goods and services designed with environmental performance in mind [111]. Consequently,
at the global level, it is clear that the use of eco-labels has fallen into two categories: on
the one hand, companies and supply chains for products with long life cycles, featuring
certified environmental claims and quantitative environmental impact criteria, primarily
products from the construction sector [112]; and, on the other hand, among end consumers
of products with short or daily life cycles, featuring qualitative environmental claims and
lacking certification from a third party external to the company, predominantly those from
supermarkets whose packaging generally displays “eco-friendly” information that confuses

consumers [113].

2.1.4. Development of the Timber Industry in Chile, Environmental Claims, and the Use of
Eco-Labels

Currently, according to Statistical Bulletin 207 of the 2025 Yearbook published by
the Chilean Forestry Institute [51], the forestry and timber industry in Chile accounts for
1.47% of the total Gross Domestic Product (GDP) reported for the year 2024, with a total
national export value of USD 6370.7 million “free on board” (FOB), where the product
with the largest participation in the secondary wood industry’s production line is radiata
pine plywood. Regarding exported wood products, the three with the highest demand are:
bleached eucalyptus pulp (26.2%); bleached radiata pine pulp (19.9%); and pine plywood
(6.9%) [114].

In terms of the market, and as shown in Figure 3, by 2025, China will be the timber
industry’s main trading partner, accounting for 37.2% of product volume; followed by the
United States, with 18-22%; Mexico, with approximately 5%; South Korea with 4 to 5%, Japan
with 3 to 4%, and the Netherlands with 3.3% [52,114], among other countries worldwide.
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CHINA 37.2%
UNITED STATES 18-22%
MEXICO 5%
SOUTH KOREA 4-5%
NETHERLANDS 3.3%
JAPAN 3-4%
PERU 2.2%

Figure 3. Main export markets for Chilean products in the forestry and timber sector.

In this regard, it has been observed that the United States is the largest consumer
of Chilean wood-based products, with a particular preference for solid wood moldings,
plywood, MDF moldings, edge-glued panels, and finger-jointed lumber, among others [51].

With regard to the target markets described in the previous paragraph, the environmen-
tal statements of the country’s two largest forestry companies—namely, Forestal Arauco
S.A. [115] and Compafiia Manufacturera de Papeles y Cartones (CMPC) [116]—have been
analyzed. Here, the following certifications were identified: FSC (Forest Stewardship
Council) in the value chain, which certifies sustainable and responsible forest management,
where products such as wood and paper are sourced from forest plantations managed ac-
cording to principles of environmental responsibility, social equity, and economic viability,
with the aim of conserving and developing forest resources. Likewise, Environmentally
Certified Timber Product under the Programme for the Endorsement of Forest Certifica-
tion (PEFC) and CertforChile (the Chilean sustainable forest management certification
system) for sustainable forest management are programs associated with international
forest certification recognition, which legitimizes sustainable forest management through
responsible forest practices, protection of the environment and its biodiversity, as well
as the communities surrounding the forests and local legislation. SOIL (Soil Association
Certification), another FSC certification standard, certifies that large-scale forest plantations
are managed according to standards of environmental sustainability, social rights, and
economic viability [117].

These certifications enable the entry of products with environmental attributes from
companies in the forestry and timber sector into international markets through sustain-
ability labels or seals, allowing them to compete on an equal footing in the international
market, as these attributes are covered by ISO 14001, OHSAS 18001, ISO 9001, and ISO
50001, primarily to meet high standards in environmental resource management, social
responsibility, economic security, and labor rights [118,119].

Furthermore, regarding the impact on human health and toxic emissions into the
environment from wood-based products, the company Forestal Arauco S.A. holds certifica-
tions from the Environmental Protection Agency (EPA) dating from 2019 [115], specifically
for formaldehyde emissions in wood panels (plywood, particleboard, among others), in
accordance with standards established by the California Air Resources Board [120] and
in compliance with the standards of the “Toxic Substances Control Act—TSCA, Title VI,”
defined by the EPA, which is equivalent to CARB, in all other U.S. states except California,
and the Airborne Toxic Control Measures (ATCM 93120) standards, for the protection of
public health through indoor air quality [121].

Consequently, and in light of the above, it can be observed that Chilean companies
in the forestry and timber sector hold a number of certifications related to sustainable
forest management, chain of custody and controlled timber, quality management systems,
environmental impact, health and safety, as well as energy management. Furthermore,
emissions standards are not very robust, as only those related to formaldehyde—which con-
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stitutes a portion of total volatile organic compounds (TVOCs)—were identified. TVOCs,
as an indicator of indoor air quality, are associated with indoor emissions from glued wood
products [122], building materials [123], furniture, or décor [124]. Their significance relates
to the harmful effects these emissions have on the human respiratory system [125,126].

It is worth noting that the EPD System for the construction sector, which includes
wood-based products, establishes PCR 2019:14, based on the European standard EN
15804:2012 + A2:2019, which has required, since December 2020, the recovery and re-
cycling of products intended for this sector at the end of their life cycle. This provides an
insight into the complex situation facing suppliers of construction materials, who regularly
direct their products to various markets in Europe [127].

2.1.5. The Use of Wood in Sustainable Construction

Sustainable construction is defined as an activity that contributes to a positive impact
on the environment and influences society, the economy, and technology. Consequently,
materials are the primary determinants of cost and environmental impact in a construction
project; the use of renewable raw materials managed according to responsible standards is
of great importance for safeguarding these resources for future generations [11]. It is well
known that the construction sector worldwide consumes nearly 34% of energy resources,
with CO, emissions accounting for 37% [10,128]. Likewise, it consumes significant volumes
of non-renewable resources, generating waste that can reach up to 38% only in the EU,
making it of the highest urgency that the construction sector be developed in accordance
with environmental guidelines. This is because it is estimated that the built-up area will
increase by nearly 75% between 2020 and 2050 worldwide [10]. Additionally, it is worth
noting that the construction sector globally accounts for between 10% and 40% of Gross
Domestic Product (GDP), suggesting that its environmental performance has sufficient
potential to drive sustainable growth worldwide [129].

Therefore, wood emerges as a promising alternative in this sector for reducing the
high levels of pollutant emissions generated by traditional construction systems (steel and
concrete) [18]. Nevertheless, it is worth noting that wood, as a sustainable material, has the
greatest environmental impacts—in terms of its life cycle—related to forest management,
durability, and end-of-life in construction; however, its impact is positive as a building
material when used as a replacement for reinforced concrete, for example, in walls and
floors, achieving a reduction of approximately 25% in greenhouse gas emissions. Therefore,
its widespread adoption in the construction sector could help achieve the objectives of the
EU, which aim to reduce emissions in that sector [130].

Focusing primarily on structural wood elements in walls and floors, a case study
characterized two construction projects in terms of their particle emissions, both made with
completely different materials: cross-laminated timber (CLT) and steel. CLT construction
exhibited a particulate matter (PM) emissions rate ranging from 18.3% to 55.1%, while
the rate generated by steel construction fluctuated between 68.7% and 83.1%. Overall, it
was found that the volume of emissions generated by CLT construction was significantly
lower than the national average and EPA standards [131]. This is highly relevant when
assessing indoor air quality, particularly regarding emissions within commercial and
residential buildings due to the presence of PM and VOCs from various indoor activities
and materials—a critical consideration given that people spend an average of 87% of
their time indoors [132]. Although CLT products offer many advantages in building
construction—due to their ease of fabrication, the sustainability of their raw materials,
energy performance, etc. [133]—there must be specific regulations both in terms of building
codes and regarding the product itself, considering that as of 2014, global CLT production
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reached a volume of 625,000 m> [134] and by 2025, in Spain alone, production reached
nearly 40,100 m?, with estimates indicating that this figure will double by 2027 [135].

Furthermore, attention has been focused on the general manufacturing of wood-based
products due to thermosetting adhesives derived from fossil resources, such as phenol-
formaldehyde (PF), urea—formaldehyde (UF), melamine-urea—formaldehyde (MUF), and
polymeric adhesives (pMDI), among others [136]. This is because these types of adhesives
are responsible for HCHO gas emissions (except pMDI) both during their production pro-
cesses and in wood products once installed [66], which are highly harmful to human health
due to their carcinogenic properties. This is a highly concerning situation, considering that
the projected sales volume of these adhesives by 2025 was USD 624 billion [137].

2.1.6. Indoor Air Quality (IAQ) Indicators and VOC Emissions Labels on Wood Products

Volatile organic compounds (VOCs) are defined as a type of chemical substance
capable of evaporating at room temperature, which leads to their accumulation in indoor
spaces, giving rise to sick building syndrome (SBS), in which tropospheric ozone, smog,
and carcinogenic, mutagenic, and teratogenic compounds are generated [138]. Compounds
such as benzene, formaldehyde, acetaldehyde, toluene, and xylenes have been identified
as the main VOCs posing a toxicological risk [139]. People suffering from SBS experience
headaches, irritation of the ocular, nasal, and respiratory mucous membranes, accompanied
by coughing, respiratory and skin allergies, as well as poor sleep, dizziness, nausea,
attention deficits, and lack of energy, among other symptoms [45]. For this reason, in
the construction sector, indoor air quality (IAQ) is a critical factor when it comes to the
well-being and health of those who, for several reasons, occupy enclosed spaces. It has been
reported that exposure to VOCs may be higher indoors than outdoors, which primarily
affects people who must remain confined to such spaces due to a vulnerability (children,
sick elderly people, among others) [50].

In general terms, the construction industry is governed by emissions standards de-
signed to protect the “indoor air quality” for people who spend several hours in these
spaces with moderate ventilation [140]. It has been indicated that VOCs originate from
construction materials, including wood and its use in flooring (parquet), building envelopes
(non-structural wood-based panels), furniture, and general wood products bonded with
formaldehyde resins [45]. These VOCs can also be emitted from paints, interior coatings,
and other products, which affect the respiratory system, kidneys, and liver in people
exposed to these gases. Consequently, developed countries have established their own
regulations that consider the sum of all VOCs, or total volatile organic compounds (TVOCs),
including restrictions on potential combinations of carcinogenic, mutagenic, or reprotoxic
(CMR) substances, through the concept of the lowest concentration of interest (LCI) [45].
For example, regarding the requirements of the AgBB (Committee for Health-related Eval-
uation of Building Products, 2021) in Germany, TVOCs after 28 days, without considering
CMRs, must not exceed 1 mg/m?; in Belgium (VOC Regulation 2014), this value must not
exceed 1 pg/m?; and the same applies in France (VOC Regulation 2011) for the same time
period [141].

In this regard, wood-based products emit VOCs, the most concerning of which is
HCHO, due to its carcinogenic nature; it is primarily found in the adhesives used to
manufacture wood-based products (urea—formaldehyde, phenol-formaldehyde, melamine—
urea—formaldehyde, etc.) [45]. For this reason, the World Health Organization (WHO)
has established an emissions limit of 0.1 mg/m? or 0.08 ppm, which countries such as
the United Kingdom, China, and Japan have adopted. Furthermore, in 1985, Europe
established a category for permissible HCHO emissions in wood-based panels, known
as E1, with a limit of 0.1 ppm, which countries such as Austria, Denmark, Germany, and
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Sweden adopted. Subsequently, the classes designated E1 and E2, with emissions limits of
less than 0.124 mg/m? (the more stringent standard) and greater than 0.124 mg/m? (up to
certain limits, according to specific regulations), respectively, were established for wood
products in indoor spaces [142].

According to information provided by Eurofins (testing laboratories and services, an
expert in food and environmental analysis, among other fields), several European countries,
including Belgium, France, Germany, and Italy, use eco-labels that declare VOC emis-
sions in wood products; these labels are voluntary in nature [143]. These labels may be
associated with manufactured products and administered by private or public organiza-
tions. For example, the EMICODE® label is administered by the German association GEV
(Gemeinschaft Emissionskontrollierte Verlegewerkstoffe, or Association for Low-Emission
Installation Products). The product must be analyzed according to the GEV test method to
determine greenhouse gas (GHG) emissions. The VOC emissions test must cover a 28-day
period, during which the product is classified into EC2, EC1, and EC1Plus categories; the
latter represents the lowest emissions level compared to the other two categories. The
comparison parameters include TVOC assessments after 3 and 28 days, and formaldehyde
and acetaldehyde [144] after 3 days. Similarly, the M1 label, administered by the Finnish
Building Information Foundation RTS (Rakennustietosdatio RTS sr), aims to promote best
practices in architecture and engineering within the construction industry. This label covers
emissions of VOCs, formaldehyde, and ammonia in accordance with standard EN 16516,
as well as odor assessments in accordance with standard ISO 16000-28.

On the other hand, the longest-standing and best-known German label, the Blue Angel
(Blauer Engel) [82], administered by the RAL Institute (Reichs-Ausschuss fiir Lieferbe-
dingungen), is awarded by the German Federal Ministry for the Environment, Nature
Conservation, and Nuclear Safety. This label establishes VOC content limits for more than
100 different types of products, including specific regulations and limits regarding product
composition. The VOC emissions specifications for each product require a 3-day and 28-day
test using a chamber method in accordance with standard EN 16516. For this type of specifi-
cation, the Blue Angel label also requires formaldehyde emissions testing [145]. Alongside
the aforementioned labels or certifications, there is also the GUT, of Danish origin, awarded
by the Association of Ecological Carpets e.V. (Gemeinschaft umweltfreundlicher Teppichbo-
den) [146]. It primarily involves requirements for emissions of VOCs, SVOCs (Semi-Volatile
Organic Compounds) [147], and odors. Also, there is the Danish Indoor Climate Label
(DICL), established by the Danish Ministry of Housing and administered by the Danish
Technological Institute (DTI). This certifies TVOC and formaldehyde emissions (28 days)
into indoor air originating from building materials and items placed in an enclosed space
(furniture, decor, etc.), carcinogenic compounds, and LCI in accordance with the EN 16516
standard and ISO 16000-28 for odors.

2.2. Situation State of Eco-Labeling and Environmental Declarations in the Timber Industry at a
Global Level

The current state of eco-labeling and environmental claims in forest management,
as well as for wood products, indicates that most studies on this topic are conducted in
countries within the European Union, the United States, Canada, the Nordic countries, and
England. Most of the studies found focus on the use of certified wood and wood products
from two perspectives: one targeting builders, architects, and timber producers, and the
other focusing on product life cycle assessments. However, very few studies address
the end consumer, who is primarily involved in purchasing decisions, mostly regarding
furniture, and the willingness to buy products made from certified wood.

In the early 2000s, Teisl, 2001 [148], conducted a study in the forestry sector in the city
of Maine, United States. The study investigated 600 companies, finding that approximately
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50% of environmental advertising was misleading and that only 3 of them were willing
and able to substantiate their marketing-related sustainability claims. Another study
conducted by Veisten et al., 2002 [149], in the United Kingdom and Norway, regarding
the willingness to pay for a certified wood product, found that certain interviewees were
willing to purchase certified products and that this willingness was linked to the degree
of commitment, culture, and environmental knowledge of consumers with interests that
were more intellectual than economic, who were willing to pay a higher price for these
products. Similarly, Cashore et al., 2003 [150], conducted research on forest certification
in Canada (British Columbia), the United Kingdom, the United States, and Germany,
finding that forestry companies were influenced by local and market conditions. The
latter, intended for international markets, would favor the implementation of sustainable
forest management measures to qualify for FSC certification, whereas the opposite was
found to be true for wood products intended for local markets. Certified companies
would be able to reduce export barriers by establishing a corporate image with greater
environmental awareness, granting them a certain social “license” for their operations.
Another study conducted by Veisten y Solberg, 2004 [151], in the United Kingdom and
Norway on certified wood products and sustainable forest management noted that, at
that time, such products were not widely available. It was found that the greater the
price difference compared to a traditional equivalent product, the lower the willingness
to purchase it. Meanwhile, Archer et al., 2005 [152], conducted a study in Canada on
awareness of wood certifications. Awareness was very low among end consumers; however,
a significant group of respondents were concerned about the environment and willing to
change their purchasing habits in terms of price, and they preferred to obtain information
through a label rather than through advertising campaigns. Therefore, this trend would
open up valuable opportunities for the market, large-scale manufacturers, and retailers who
support forest certification. Another study on the influence of eco-labeling on sustainable
forests and wood products, conducted in Switzerland by Hansmann et al., 2006 [72], found
that consumers place greater importance on the social and ecological aspects of forests
than on economic issues, and that this was due to the strong environmental education
and ecological orientation of Swiss citizens. Furthermore, Anders & Anders, 2008 [153],
conducted a study in Denmark, Norway, and Sweden, finding that consumers less inclined
to purchase eco-friendly products based their preferences on aesthetic criteria, materiality,
finishes, and price. In the early 2000s, research by Bowers et al., 2014 [154], suggested that
the architectural sector in the U.S. was aware of the existence of certified wood programs
such as FSC and the Sustainable Forestry Initiative (SFI), but that at the market level, these
programs would significantly increase costs and reduce profit margins due to low demand.
Thus, economic rather than environmental competitiveness would prevail in construction
projects. Nevertheless, they recognized the importance of using certified wood to facilitate
obtaining LEED-HOME and Green Building Program (GBP) certifications. Rty et al.,
2014 [155], conducted a study of Finnish, Swedish, and Norwegian companies regarding
the use of forest eco-labels, finding that raw material suppliers (business-to-business)
were more proactive than companies that sold directly to consumers. Furthermore, the
use of certifications such as Sustainable Forest Management (SFM) and Environmental
Management System (EMS) was limited to compliance with legal regulations and standards,
with less willingness to purchase certified products due to their high cost. It was also found
that the environmental value of wood is not only related to climate change mitigation
and the replacement of traditional construction materials, but also to the positive impact
it can have throughout the entire value chain. Consequently, Jaung et al., 2016 [156],
argued that aspects such as CO; storage, biodiversity conservation, watershed protection,
ecotourism, and soil protection are not considered in forest certifications like FSC; this

https://doi.org/10.3390/su18125901


https://doi.org/10.3390/su18125901

Sustainability 2026, 18, 5901

15 of 39

could reinforce the communication message that helps promote the value of certified
wood while also encouraging the use of this type of certification. In the 2000s, Doremus,
2020 [157], conducted an analysis in Central Africa on the benefits of using eco-labels in
forest management, establishing a margin of between 14% and 28% in the price increase
in a certified product, compared to an uncertified one, and a 9-17% increase for the
same products certified by a nongovernmental organization, where the implementation of
restrictive policies on the use of less rigorous certifications would increase environmental
benefits by 17% at the consumer level. Additionally, demographic aspects were studied by
Shahsavar et al., 2020 [158], and Krause, 2015 [159], in the Czech Republic, as well as by
Higgins et al., 2020 [160], in Ireland; Brusselaers et al., 2020 [161], in Belgium; and Cerri et al.,
2018 [162] in Italy, who found a direct relationship between high levels of education, age,
marital status, knowledge, awareness, and environmental commitment, and the preference
and willingness to pay up to 20% more for a certified wood product. Similarly, Poratelli et al.,
2022 [163], in a critical literature review (2010-2020), indicated that consumers would
be willing to pay a higher price for Environmentally Certified Timber Product (ECTP)-
certified products, reaching nearly 17% for higher-priced items such as furniture and
68% for lower-priced items such as paper. Furthermore, consumers would prefer ECTP
certification due to sociodemographic factors, brand loyalty, label recognition, and the
declaration of the product’s environmental attributes, where a smart marketing strategy
should define appropriate and effective information to guide the purchasing decisions
of the end consumer. Klari¢ et al., 2023 [164], explored the impact of FSC certification
on timber exports from Croatia to European Union (EU) countries and how this would
affect the timber industry. The period from 2000 to 2021 was analyzed, confirming that
this certification is essential for export activities and competitiveness in the international
market. An increase in Gross Domestic Product (GDP) and GDP per capita was observed,
with a positive impact on the local economy, a decrease in unemployment, as well as
the need for specific certifications for the particleboard and sawn timber industry sector.
Zubizarreta et al., 2024 [165], analyzed the influence of forest certification standards on
Spanish companies certified by the PEFC, with regard to corporate management and market
performance. It was found that forest certification in itself did not lead to improved business
performance; however, it did influence the quality of the final product, reduced costs, and
improved the speed and efficiency of delivery, as well as fostering innovation and greater
profitability. The importance of forest certification information and its dissemination to
various levels of institutions was highlighted, normalizing the implemented regulations—
independent of external audits—with the knowledge of company executives, certification
entities, and public management, among others. Droge et al., 2025 [166], conducted a
study to assess the impact of FSC and PEFC certifications on forest sustainability and
deforestation, using data from approximately 113 countries between 2005 and 2019. It was
observed that, while certification improves environmental and social aspects, because it is
only voluntary, it is not sufficient to stop global forest loss, making it difficult to achieve the
COP26 goals of halting deforestation by 2030. To achieve this, strict jurisdictional measures
and economic incentives such as REDD+ (Reducing Emissions from Deforestation and
Forest Degradation)—which funds and supports countries in reducing forest emissions—
would be required; market regulations such as the EUDR (EU Deforestation Regulation)
prohibit products derived from deforestation, as well as sustainability and governance
measures for the forestry sector according to local realities. Additionally, weaknesses were
identified in determining the location of forest areas, affecting the level of transparency in
certification systems.

https://doi.org/10.3390/su18125901


https://doi.org/10.3390/su18125901

Sustainability 2026, 18, 5901

16 of 39

2.3. Standards and Methods for Determining HCHO and VOCs: North American and
European Markets

Analyzing the certification systems of the main and potential destination markets
for Chilean timber exports, a significant difference is found between the Environmental
Protection Agency (EPA) (at national level) and the CARB (at state level).

In North America, the Airborne Toxic Control Measures (ATCM) Title VI standard,
ASTM E1333, and ASTM D6007 are used. On the other hand, in Europe, EN standards
are applied, based on ISO 16000, EN 13986, and EN 717-1. Comparing both markets, it is
possible to identify that North American regulations establish a chamber test procedure to
measure the concentration of formaldehyde in air and the emissions rates under controlled
conditions in a chamber simulating sizes and real conditions use, directly measuring
the formaldehyde concentration in air (ppm) and the emissions rate, under controlled
conditions of temperature, relative humidity, air renewal rate, and surface/volume ratio of
the material tested [167]. This method was developed and applied for the U.S. market, first
by CARB and later adopted by the EPA in accordance with the ATCM and Toxic Substances
Control Act (TSCA) Title VI regulations, with a purely regulatory focus, to allow, restrict,
or sanction the entry of a product into the North American market, being of a mandatory
nature. In contrast, European regulations are based on the ISO 16000 (VOC) standard, which
has a technical tool approach, voluntary for mainly European markets and specifically
for the use of panels, with the EN 717-1 standard. This establishes the measurement of
VOCs through the use of standardized and controlled chambers [168,169]. This standard is
embedded in EN 13986, which regulates the sale of boards in Europe, according to critical
declarations of mechanical strength, fire retardancy, moisture resistance, etc., and includes
the formaldehyde classification established by EN 717. The method establishes the use of
chambers (mg/m?) under standardized conditions (23 °C, 45% RH, defined ventilation
rate) and the procedures established by EN 120 or the Perforator Method, which is based
on solvent extraction (toluene) from the material to quantify the total formaldehyde content
(mg/100 g), instead of its emissions into the environment (chamber method) [170].

Thus, it is possible to identify that there is an important methodological and conceptual
difference between the standards used for certification in both markets, where the North
American standard (ASTM) measures a compound oriented towards the identification and
control of specific hazardous substances with a toxicological approach [171] using chambers
designed to simulate real-world usage conditions, controlling temperature, humidity,
and ventilation [167], European regulations (EN-717-1) use cameras under standardized
conditions, and EN 120 measures the amount of formaldehyde contained in the board,
providing a comprehensive and systemic measurement view that incorporates multiple
variables for a broader environmental emissions assessment from wood products.

Therefore, the use of the proposed eco-label should be aligned with the require-
ments of the North American and European markets regarding VOC limits, which include
formaldehyde. According to Federal Register (The Daily Journal of the United States
Government) [39], for the North American market, formaldehyde limits for wood panels
are: 0.09 ppm for particleboard; 0.11 ppm for MDF; 0.13 ppm for thin MDF; and 0.05 ppm
for hardwood plywood (veneer core or a composite core). On the other hand, according to
the Wood Panel Industries Federation (Health and Safety) [40], a new and stricter formalde-
hyde limit will come into effect in the European Union on August 6, 2026 (Commission
Regulation (EU) 2023/1464). This new requirement, known as E05, replaces the previous
E1 formaldehyde limit of 0.124 mg/m3, affecting all products marketed in the EU, with
emissions limits of 0.062 mg/m? for wood panels, furniture, and vehicles, and 0.08 mg/m?
for all other products.
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3. Results: Analysis to Define a Proposal for Eco-Labeling of VOC
Emissions and Its Governance Model in Chile

The results presented below include an analysis of eco-label designs for wood products
regarding VOC emissions, targeting international markets, as well as the development of
labels and certifications sponsored by the Chilean Ministry of the Environment to identify
conditions in the local market that would allow the implementation of an eco-label for the
national timber sector. By doing so, it will be possible to define a baseline to encourage
companies in the wood sector to report objectively on the VOC emissions of their products,
with the aim of improving their competitiveness (expansion into other global markets) and
increasing their added value. This will be achieved by proposing the design of an eco-label
that is easy to understand and provides qualitative and quantitative information, initially
in accordance with local reality.

3.1. Analysis for the Definition of a Proposed Governance Model for a Future VOC Emissions
Eco-Label for Wood Products in the Chilean Market with International Projection

Based on the reviewed literature, it is clear that there are three factors that make an
eco-label viable. The first relates to the feasibility and market conditions for its use, which
depend on political, economic, and social factors [172,173]. The second is the existence of
a definition and agreement on the indicators used to measure the environmental impact
of production processes [77,78], as well as the environmental criteria established both to
evaluate the environmental performance of products and to communicate this information,
resulting in the use of reliable data that lend credibility to the eco-labeling system [174].
Finally, the third factor relates to the procedures and institutions involved in verifying and
certifying compliance with the requirements for a product to obtain an eco-label [175,176].
Figure 4 displays a diagram of the factors related to the effective positioning of an eco-label.
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Figure 4. A representative diagram of the factors associated with the potential placement of an
eco-label.

Furthermore, considering the three factors outlined above and the eco-labeling studies
conducted in the timber sector by Bowers et al., 2014 [154], Rty et al., 2014 [155], Doremus,
2020 [157], Klaric et al., 2023 [164], and Zubizarreta et al., 2024 [165], in the United States,
Europe, the Nordic countries, and Africa, it is possible to identify that the market conditions
in Chile exist for the implementation of an eco-label in the timber sector, and that the drivers
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for this sector are primarily internal or external in nature. Internal motivations, then, may
be related to moral and/or environmental considerations on the part of company owners.
Likewise, external factors respond to global market demands, profit margins, and resource
management (raw materials), but not necessarily with an environmental or sustainable
approach to natural resources.

Regarding the second factor—which is essential for the viability of an eco-label and
relates to the definition of indicators for measuring environmental impact—according
to Dérea et al., 2022 [93], there is a significant difference in the development and use of
indicators across different geographic regions, such as Europe and North America (the
U.S. and Canada). In Europe, there is a clear focus on the environment and human health.
In general, Europeans are informed consumers with a strong environmental culture and
awareness, prioritizing the use of Type I eco-labels (qualitative, such as the German Blue
Angel) and Type III eco-labels (quantitative, such as the “Emissions dans l’air intérieur”
label regarding VOC emissions from the Syndicat des Joints et Facades (SFJF)) [177], aimed
at compliance with ISO regulations, EU standards, and the use of PCRs from the EPD
System. However, in North America, Type I labels are predominantly used, most of which
focus on sustainable forest management, such as FSC and PEFC. Nevertheless, in the United
States, specifically in the State of California, through the California Air Resources Board
(CARB), the use of a mandatory certification has been established in accordance with the
Formaldehyde Emissions Regulation of the Environmental Protection Agency (EPA). This
certification is known as CARB ATCM /Phase 2 and applies to MDF, PB, HWPW panels,
finished wood products, etc., intended for sale specifically in this U.S. state. Figure 5 shows
the distribution of certifications according to the two geographic regions (Europe and North
America) of greatest international relevance regarding eco-labeling.
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Figure 5. Certifications in accordance with the two geographic regions (Europe and North America)
that are most significant internationally in terms of eco-labeling.
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Finally, regarding the third factor—which relates to the procedures and institutions
involved in verifying and certifying compliance with the requirements for a product’s
eco-labeling—the feasibility of certification for finished wood-based products has been
identified. This is because most labels are either qualitative or quantitative in nature,
requiring an external third party to verify compliance with standards and requirements.
Furthermore, they have a limited validity period, which requires periodic review and
monitoring to continuously update the certification.

Therefore, given that the majority of Chile’s wood product production is destined
for North American markets and potentially for the European market as well, it seems
reasonable to consider the need for an eco-label for the Chilean timber sector, one that
would need to meet a combination of criteria. On the one hand, the label would need to
communicate aspects related to forest management, and on the other, regarding pollutant
emissions harmful to human health (VOCs and formaldehyde).

Based on the background information analyzed, it can be concluded that the Chilean
timber sector is ready for the implementation of a Chilean eco-label, and that this label
should include a combination of indicators (qualitative and quantitative) focused on forest
management (qualitative) and VOC emissions (quantitative), as proposed by Lim & Moon,
2009 [78]. This was validated by Cereceda & Betancourt, 2014 [178], who, after analyzing
Chilean regulations and legislation, through a field study to find ways to encourage the
consumption of sustainable products in the Chilean market, designed and validated a
communication strategy for sustainable products in Chile. In this study, they defined an
eco-label system for communicating carbon footprint, as well as an administration and
governance model for said eco-label. Regarding the proposed carbon footprint eco-label,
this study demonstrated that 85% of the consumers surveyed stated they preferred the
use of mixed (qualitative-quantitative) information, as it makes environmental claims
more credible and reliable; 53% stated they understood how the product communicates
its carbon footprint (using a system of environmental impact indicators, similar to that
used to communicate energy consumption in household appliances); and 59% stated they
understood the level of impact used on the label, despite not knowing the meaning of what
a carbon footprint is. Furthermore, regarding the use of a qualitative government label,
certified by the Ministry of the Environment, 88% of consumers stated that this makes the
environmental impact statement contained on the product more reliable. In accordance
with the levels of environmental awareness and culture in Chile, the authors concluded
that a national eco-label should contain mixed information, tailored to the sensibilities of
the local consumer. Considering the above, similarly, Cereceda et al., 2016 [179], through
the development of a communication management model to encourage the supply and
consumption (demand) of sustainable products in Chile, argued that such a model must
first and foremost “define environmental indicators and regulations.” This should be
done through Chile’s Ministry of the Environment (MMA) [180], in collaboration with
six committees, Political, Scientific, Environmental, Business, Economic, and Social, with
each committee comprising recognized representatives of national significance. Figure 6
shows a proposed structure for defining regulations and indicators that promote a model
for managing communication regarding environmental aspects of sustainable products
in Chile.

The MMA must therefore establish and regulate the use of an environmental certifica-
tion system that standardizes, regulates, validates, and monitors the use of environmental
information for consumers. Figure 7 illustrates a proposed operational framework for envi-
ronmental certification as part of a communication management model for environmental
aspects of sustainable products in Chile.
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Figure 6. Proposed structure for defining regulations and indicators that promote a communication
management model for environmental aspects of sustainable products in Chile.
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Figure 7. Proposal for an operational structure for environmental certification to support a communi-
cation management model for environmental aspects of sustainable products in Chile.

Likewise, it must implement a hybrid strategy involving both “suppliers” and “distrib-
utors” to identify, promote, and categorize the range of sustainable products, with the aim
of facilitating the recognition of these products in the market and at points of sale. Figure 8
presents a proposed organizational framework for outreach and awareness campaigns that
encourage sustainable consumption, based on a communication management model for
environmental aspects of sustainable products in Chile.

In line with the above, Vivanco, 2022 [181], noted the existence in Chile of a green label
called “Elijo Reciclar” as part of the Clean Production Agreement (APL) on Eco-labeling,
led by the Chilean Manufacturers’ Association (SOFOFA), the Ministry of the Environment
(MMA), and the Agency for Sustainability and Climate Change (ASCC) [182]. This initiative
has an “Agreement Validation Committee,” which is responsible for defining the rules
and processes for obtaining the label, resolving disputes, and ensuring the agreement’s
success. Thus, the Committee is composed of government representatives (ASCC and
MMA), representatives from the business sector (SOFOFA), members of the academic
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community (universities and innovation centers), and consumer representatives, such as
the National Consumer Service (SERNAC) and the Consumer Association.

| CENTRAL GOVERNMENT I

ENVIRONMENT MINISTRY
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Figure 8. Proposed framework for outreach and awareness campaigns designed to promote sus-
tainable consumption, based on a communication management model for environmental aspects of
sustainable products in Chile.

Similarly, the Organization of Consumers and Users (ODECU) [183], affiliated with
the Consumer Observatory on Public Policy, in its working paper No. 7 of 2024 [183], notes
the existence of the National Program for Sustainable Consumption and Production since
2016, led by the MMA, whose objective is to incorporate sustainability into civic culture
through accurate product information. Furthermore, it proposes the implementation of the
Clean Production Agreement (APL) “Eco-labeling of Containers and Packaging,” also led
by the MMA, which seeks to establish a collaborative public-private agenda to address the
development of this measure.

Given this situation, it can be inferred that Chile already recognizes the need for
an eco-labeling system in the public—private sector, a need that has been addressed by
the Ministry of the Environment (MMA) through the development of eco-labels or green
seals. These labels feature environmental impact indicators defined and standardized by
committees whose members represent the government, environmental, academic, business,
and consumer sectors.

3.1.1. International Eco-Labels in the Wood Industry: Production and VOC Emissions

The analysis of Figure 9 focuses on the graphic and communication elements used in
the eco-labels shown, which may be representative of the sector.

With regard to the type of certification, all the labels analyzed are either qualitative or
quantitative; therefore, it is assumed that an external third party is involved in the rigorous
analysis of the information provided by the company and its supply chains, as well as in
the process of obtaining each certification.

On the other hand, regarding eco-labels A, B, C, and D and their communicational
analysis, the first point to note is that they are all Type I, that is, qualitative. Additionally,
the use of greens in the design of icons or logos conveys an ecological context. Similarly, the
use of infographics representing trees or leaves references a type of certification; in the case
of Canada, for example, this emphasizes local /national identity through the iconic presence
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of the maple leaf. Finally, the use of a circular element conveys the idea of continuity at the
beginning and end of a cycle, a concept widely used in discussions of sustainability and
the circular economy.
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Figure 9. Examples of international eco-labels aimed at protecting natural resources, the environ-
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ment, and human health by addressing VOC emissions. (A) Global Forest Stewardship Council -
FSC, sustainable forest management; (B) Programme for the Endorsement of Forest Certification,
sustainable forest management; (C) Sustainable Forestry Initiative, sustainable forest management,
USA and Canada; (D) PEFC, Sustainable Forest Management, Canada; (E) German Blue Angel,
formaldehyde and VOC emissions in construction products, Europe; (F) Emissions for construction
materials, German Independent Institute GEV, Europe; (G) Eurofins, VOC emissions, construction
materials, Europe; (H) French government, VOC emissions, construction materials; (I) Formaldehyde
emissions for wood products, California, USA, California Air Resources Board.

With regard to the definition of quantitative indicators, these depend on the standards
to be met, which are established by the country or geographic region of a product’s
destination, in accordance with market regulations. In addition, it should be noted that
each standard includes different protocols and methodologies for measuring indicators, in
order to assess compliance with the standards required for each certification. In summary,
these types of labels are configured under an institutional validation model, where the
priority lies in credibility and global recognition. Their visual language is characterized by
iconic simplicity, high memorability, and a dominant use of the color green, achieving rapid
identification, although with poor communication of environmental performance levels,
which prevents the end user from comparing performance to make a purchasing decision.

On the other hand, eco-labels E, F, G, H, and I stand out for specifying their impact on
the environment and human health, particularly regarding VOC emissions and indoor air
quality in homes (qualitative and quantitative eco-labels). Notable is the case of the French
“Indoor Air Emissions” label, or “EMISSIONS DE L’ AIR INTERIEUR,” which uses icons to
communicate the type of impact and a measurement system that allows for comparisons of
environmental performance among products using this same communication system. This
system is very similar to the one used in the household appliance sector, which is already
well-established in the market and recognizable by all consumers, regardless of their level
of education, cultural background, or environmental awareness.
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Consequently, the color green is retained, and blue is also used, which could represent
fresh air or the blue of the sky. In addition, the color gray appears both within and outside
the iconography, alluding to internal and external pollution, in contrast to the immaculate
white of the home.

Regarding this group of eco-labels, it is possible to affirm that they are geared towards
effective communication so that the user can make purchasing decisions based on visual
hierarchies and color scales in an attempt to communicate environmental performance
with respect to compliance with the standard (especially in the case of the French label,
letter H).

3.1.2. Analysis for the Design of a VOC Emissions Label in Chile, Based on the Study of
Environmental Seals and Declarations Sponsored by the Ministry of the Environment
(MMA) of Chile

Regarding the initiatives undertaken by the MMA to promote sustainability in Chile,
programs such as “Estado Verde” and “Oficina Verde” have been established. Their goal
is to reduce the environmental impact of public and private offices through waste man-
agement, water and energy efficiency, and sustainable public purchases, thereby fostering
an environmental culture within institutions. Additionally, the “Elijo Reciclar” program,
defined as a “Clean Production Agreement (APL),” is led by the Sociedad de Fomento
Fabril, the MMA, and Chile’s Agency for Sustainability and Climate Change (ASCC). This
program seeks to educate the population to encourage recycling through proper waste sep-
aration in households and the circular economy, by providing expedited access to recycling
centers for all citizens. Likewise, the “Municipal Environmental Certification” (SCAM) and
“HuellaChile” are initiatives aimed at managing greenhouse gas emissions by promoting
their quantification, reporting, and reduction. These programs feature various seals or logos
that certify sustainable practices across different sectors. Therefore, the infographics and
colors used for each one are of extreme importance, given the challenge of communicating
complex information related to sustainability through graphics that are clear, quick, and
easy to understand. In this regard, an analysis of each of these seals reveals the use of green
and blue, accompanied by leaves and stars. Furthermore, a relevant pattern in the use of
labels employed by the MMA is the progressive assessment of goal achievement according
to each program, whether in terms of percentage or levels of compliance, associated with
the number of stars or colors. This reflects a national reality where the initial level of com-
mitment is nonexistent or low, gradually scaling up towards the goal of the program the
institution wishes to join. On the other hand, strategies for implementing these programs
in the public or private sectors do not initially consider the use of quantitative labels, but
rather qualitative seals that help position both the need and demand for products and
credible environmental claims. Figure 10 shows the various seals established by Chile’s
MMA, with qualitative statements associated with the aforementioned programs.

Analyzing the environmental labels and declarations sponsored by the Ministry of the
Environment (MMA), it is evident that they are less developed compared to the sustainable
forest management or air quality labels, and that their graphic design prioritizes the MMA'’s
institutional identity over an information system that can guide users’ purchasing decisions.
Furthermore, the use of generic graphic resources and a lack of information hierarchy are
observed, which does not help communicate or explain the impact and benefits of these
labels or declarations.

Based on the data analyzed, it is evident that Chile has a solid foundation for the
eventual implementation of an eco-label in the Chilean timber sector for processed products.
This is primarily due to the significant volume of products from this sector destined
for foreign markets with high environmental requirements or barriers. This is without
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considering new market niches whose standards exceed, for example, the limits for regular
VOC emissions such as HCHO in wood products.
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Figure 10. Labels established by Chile’s Ministry of the Environment (MMA): (a) Oficina verde
(Green Office) and Estado verde (Green State); (b) Elijo Reciclar (I Choose to Recycle); (¢) Municipal
Environmental Certification System; (d) Huella-Chile Program.

In this regard, exports of products such as CLT, glulam, and wood panels could benefit
from declaring their environmental impact—whether through management practices in
the production chain or through their performance regarding indoor air quality, the latter
of which is primarily affected by the use of products manufactured with fossil-based
adhesives. Consequently, the requirement to declare the environmental impacts of wood-
based products is already in place in the national manufacturing sector.

In addition to the above, at the national level, it has become clear that the MMA leads
several programs aimed at promoting the use of voluntary quality labels, as shown in
Figure 10, which is consistent with the progress made by the country in environmental
terms. Consequently, there is a need for the various productive sectors (suppliers) to
join these initiatives in order to generate and gradually increase demand for sustainable
products, which would allow them to tap into new market niches, improve competitiveness,
and add value to the goods they offer.

In addition, and in relation to the information provided in the previous sections of
this document, it should be noted that an eco-label for the timber sector in Chile should be
delivered/issued/certified by the MMA, in conjunction with a public—private committee
composed of representatives from the business sector, academia, the scientific commu-
nity, the economic sector, and consumer associations, as indicated by Cereceda et al.,
2014, 2016 [178,179], and Lim & Moon [65]. Likewise, these declarations should contain
qualitative and quantitative (mixed) information related both to the origin and processing
of raw materials and to indoor air quality through information on VOC emissions.
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From a graphic design perspective, an eco-label for the timber sector in Chile should
follow the guidelines set by the Ministry of the Environment (MMA), using infographics
that feature shades of blue and green, images of leaves, and qualitative information re-
garding the origin of raw materials—primarily indicated by the color green—as well as
quantitative information, including VOC emission indicators, identified by the color blue.

Given that these products are intended for international markets, a VOC emissions
declaration should be provided that demonstrates 100% compliance with the regulations or
standards established by the destination market. Nevertheless, the use of this certification
or label in the local market requires a gradual implementation within the manufacturing
sector, taking into account the level of demand, education, culture, and environmental
awareness among domestic market participants.

3.1.3. Design Proposal for a VOC Emissions Label for Wood-Based Products for the
Chilean Market with International Projection

In graphical terms, a proposed eco-label for the timber sector targeting the Chilean
market with international reach should include both qualitative and quantitative informa-
tion. The first is to establish that products from the timber industry have a sustainable
production chain, which should be certified by the MMA. The second is relevant to the
environmental impact of the sector’s products, in this case regarding VOC emissions, mak-
ing it possible to use the same indicator for a given product category, as established by the
EPD System with its PCRs. This would facilitate comparisons of products’ environmen-
tal performance and competitiveness, allowing end users to make purchasing decisions
regarding products with a lower environmental impact.

In light of the above, the proposed qualitative eco-label for wood-based products,
administered by the MMA, is shown in Figure 11a. The design incorporates a circle with
a green border, a color associated with most global environmental claims that emphasize
circularity in the product life cycle. In the center of this circle, there is a Chilean flag to
highlight the government’s role in the environmental declaration of the product. The
use of leaves in the logos, similar to the “Estado verde” and “Oficina verde” seals used
by the MMA, reinforces the Ministry’s message. Finally, the proposed label would be
accompanied by the text “Ministry of the Environment—Sustainable Product,” associated
with the quality of an environmentally responsible product.

Similarly, for the design of the quantitative label shown in Figure 11b,c, the use of blue
was chosen to symbolize the impact on indoor air quality due to VOC emissions, in line
with the MMA’s graphic style featuring leaves, linking the eco-label text vertically at its far-
right edge. Regarding the iconography used to indicate VOC emissions, the communication
strategy of the electronics and home appliance sector regarding energy consumption has
been adapted, along with the concept defined by the French label “EMISSIONS DE L’AIR
INTERIEUR.” With this in mind, indoor air quality levels have been established using
horizontal bars in shades of blue that gradually transition to sky blue (a blue gradient),
which consequently indicate levels of pollutant emissions ranging from the highest to the
lowest. Likewise, the white circles within the horizontal bars, which vary in number and
size, complement the information regarding VOC emissions volumes, reinforcing the level
of impact with the same indicator associated with the letters.

The eco-label proposal for wood products and their VOC emissions is based on a
proven communication model that has been established in both local and international
markets—primarily for electronic products—which would facilitate the understanding of
the information that needs to be communicated to consumers or end users.

It should be noted that the text blocks containing information regarding compliance
with the European standard “EN 13986” and the “E1” and “E2” limits refer to formaldehyde
emissions resulting from the use of adhesives derived from fossil fuels, which are necessary
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for the manufacture of wood-based products, where it should be mentioned that, from
August 2026, the designation E1 will be replaced by E05, with more stringent limits as
mentioned in Section 2.3. Then, the purpose of this is to inform local consumers about
the regulations in place, as well as the measurement standards used by the MMA to
grant this certification, through the label proposed in this study. In addition, the goal
is to increase the sector’s competitiveness, with an emphasis on innovation in its glued
products, manufactured using unconventional adhesives with reduced VOCs, in order
to open export opportunities to European markets while complying with each country’s
specific standards. For example, an A+ certification would establish a quantitative indicator
of formaldehyde emissions according to the requirements of the destination market. That
is, for the European market, the EN 13986 standard for wood products would apply;
however, if Chilean production expands commercially to other markets, the regulations
and standards established by the countries to which these products are exported could
be considered.

As with any new initiative involving the use of eco-labels, environmental claims, and
communication strategies regarding the environmental impact of sustainable products,
consideration should be given, to first implement this initiative at the local level (the
Chilean market), doing so progressively in accordance with the environmental awareness
and culture of the end consumer and the potential “resistance” to the implementation of a
new certification by the local Chilean market. Therefore, Figure 11 displays the proposed
hybrid qualitative-quantitative eco-label de-signed for the target market (European, North
American, or both).

v

CONTRIBUTION OF VOC EMISSIONS
TO INDOOR AIR QUALITY

CONTRIBUTION OF VOC EMISSIONS
TO INDOOR AIR QUALITY

IN ACCORDANCE WITH EUROPEAN REGULATORY
STANDARDS EN 13986, E1 LIMITS AND EN 717-1,

THE USE OF
IN ADHESIVES FROM WOOD-BASED PRODUCTS

A+

MINISTRY OF THE ENVIRONMENT - CHILE

MINISTRY OF THE ENVIRONMENT - CHILE

(a) (b) (c)

Figure 11. Results of a design proposal for a combined eco-label for wood-based products and VOC
emissions, for the Chilean and international markets: (a) Qualitative statement; (b) Quantitative
statement for the North American market; (c) Quantitative declaration for the European market.

4. Discussion

Based on the results presented, it can be noted that the feasibility of launching an
eco-label in the market depends on the synergistic interaction of three key factors: a market
that accepts the label’s terms, coupled with new sales policies and regulations; rigorous
definition of environmental impact indicators; as well as the procedures for collecting them;
and institutional commitment and integrity in addressing the certification processes.

Therefore, the effectiveness of an eco-label as a sustainability tool depends on the
participation of scientific stakeholders who provide highly reliable data; on the market,
which generates supply and demand to drive commercial activity; and, finally, on institu-
tions that act as guarantors of a transparent process, verifying compliance with regulatory
requirements. The absence of any one of these three aspects risks the effectiveness of
the distinctive instrument in terms of its credibility, where it may exist but in a category
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that is not very representative or not representative at all, thereby affecting the paradigm
shift regarding existing models of production and consumption. This point gains further
weight in light of the observations made by Binsar & Ellyany, 2025 [184], in a study that
examined how consumers in Indonesia responded to eco-labeled products in terms of
their purchasing decisions. The study found that eco-labels that are easy to read, based on
credible information, and quickly recognizable influence consumers’ purchasing decisions.

In this regard, and with respect to eco-labeling for the wood sector in Chile, it is
important to note that its viability is directly linked to the transition from a phase focused
on the conservation of natural resources (forestry and timber) to one that demonstrates
the comprehensive environmental performance of the finished product. Furthermore,
the introduction of the Chilean eco-label into European markets with strict requirements
regarding VOC emissions requires that it report indicators obtained through rigorous
measurement processes that prioritize characteristics promoting human health over profit
margins, through clear communication necessary to meet global market demands. Con-
sequently, labels that include quantitative indicators demonstrate compliance with the
regulations defined for the marketing of a certain product, as indicated by Roesch et al.,
2025 [185].

Fortunately, the implementation of an eco-label for wood products in Chile has a
promising theoretical foundation in terms of proposing legislative changes that will estab-
lish its position in the market. Thus, the proposed management model (Figures 6-8) lays the
groundwork for launching the process of operationalizing a sustainable instrument or label
for products in the wood industry. This precedes a process of standardizing the indicators
to be measured, in consensus with the various stakeholders in the sector, to ensure that the
concept of sustainability ceases to sound like an ambiguous or trendy buzzword, but rather
relates to specific metrics communicated in a simple manner and backed by certification.
This initiative arises from concerns about greenwashing, as the provision of confusing
information through an eco-label encourages such practices. Thus, a certified eco-label
can serve as an effective tool to identify products and services that are truly responsible
towards the environment and human health, as highlighted by Nagy-Kercsé (2023) [186]
and his study of the use of eco-labels in Romania, which involved stakeholders such as the
government, businesses, and consumers.

However, evaluating a real implementation of both the proposed eco-label and its
management model inherently requires a validation study involving stakeholders and
interested parties, including political, scientific, and industrial actors, in order to conduct
an actual cost-benefit analysis of implementation, pilot testing, technical feasibility assess-
ments for chambers and laboratories, among other aspects not considered within the scope
of this research. These elements establish the basis for future investigations in this field
of study, since the proposal presented in this research corresponds to a conceptual and
strategic framework that still requires empirical validation. Consequently, the novelty of
these proposals stems from their target sector (forestry and timber), filling a critical gap in
local information while addressing the specific requirements of industry stakeholders.

Regarding communication methods, an eco-label for wood products should include
national identity and infographics related to circularity processes. Additionally, it should
incorporate quantitative information systems (environmental impact indicators) that foster
familiarity, to avoid public resistance to learning a system different from the one they
already know. The use of green (vegetation, forest, leaves, etc.), blue (sky, fresh air, etc.), and
white (cleanliness, health, etc.) indicates that the market is driving consumption of products
whose labels communicate direct benefits to the end consumer through iconography and
color tones that visually convey a sense of efficiency. In general, these shapes and color
tones have been previously tested by other industries in the international market, with
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excellent consumer reception. This aligns with the findings of Esra Tuncal (2016) [187],
where a good graphic design for a communication tool helps it stick in people’s minds, as
part of its appeal and specific message, thereby promoting environmental awareness.

Programs from Chile’s Ministry of the Environment suggest that a level-based struc-
ture for certain properties is an effective way to communicate sustainability. This applies
to an eco-label for wood products, serving as a beneficial approach for the industry to
begin its journey towards sustainability through qualitative labels that communicate basic
management agreements. Then, as the market matures environmentally and technically,
this sector can integrate quantitative certifications that include, for example, LCA. Precisely,
Tiburcio et al., 2016 [188], point out that trends in environmental issues point to high
demands on companies and their respective standards, where voluntary actions still play a
significant role in the market. However, environmental awareness, which is growing daily
in societies around the world, is strongly pushing for environmental protection. For this
reason, it is estimated that tools such as LCA will, in the not-too-distant future, be necessary
to open the doors to the markets of certain countries (which will not allow pollution to
enter), given that these countries themselves are making significant investments to regulate
their own environmental impacts.

Given the market’s significant maturity, it should be emphasized that the forestry
and timber sector is well-positioned to develop its own eco-label, as it offers high-quality
finished products with significant competitive potential (GLULAM, CLT, wood boards,
etc.). Therefore, the declaration of VOC emissions—including formaldehyde—plays a
fundamental role in the environmental characteristics of the finished product. This, rather
than being a problem, encourages suppliers of wood adhesives to develop alternatives to
fossil-based products, promoting improved indoor air quality and, consequently, viewing
wood as a healthy and well-being-enhancing building resource, rather than just a commod-
ity. In this regard, the sector already operates under an eco-label that meets international
standards; however, developing a certification mark—administered by the MMA—that
incorporates a graphic design capable of effectively communicating its message could boost
Chile’s image as a country brand, thereby meeting the needs of the construction sector both
nationally and internationally. Thus, in accordance with the findings of Kilduff and Tabales
(2016) [189], the proposed eco-label for wood products should be viewed as an opportunity
for Chile to establish a unique and distinctive image both domestically and internationally.
Likewise, stakeholders in the public and private sectors are called upon to promote this
national image, as fostering a positive international reputation supports export and import
activities, tourism, and the inflow of capital from foreign investors.

In summary, after analyzing the available background information and the results
presented in this study, it can be stated that the main contribution of this research lies in
the proposal of a VOC emissions eco-label for the Chilean wood industry, which currently
does not exist in Chile, together with a management model aligned with the initiatives
promoted by the Ministry of the Environment to strengthen sustainability and environmen-
tal awareness across different productive sectors. Furthermore, the proposal introduces
an innovative hybrid approach, both from a qualitative and quantitative environmental
communication perspective and through its function as a pre-certification system for inter-
national markets, simultaneously integrating North American and European regulatory
standards for formaldehyde and VOC emissions. In this context, the proposed system
would allow a preliminary assessment of regulatory compliance for different target mar-
kets, identification of deficiencies in national production processes, and implementation
of improvements aimed at optimizing environmental performance and facilitating future
international certification processes, thereby contributing to reducing market-entry barriers
and strengthening the environmental competitiveness of the Chilean wood industry.
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5. Conclusions

Based on the situation state of eco-labeling implementation in the forestry and timber
sector, the following conclusions can be drawn:

The price increase (9-17%) for a forest-certified product, due to its high implemen-
tation costs (14-28%), compared to an uncertified product in the same category, leads
to a preference for the second, especially among customer groups with lower levels of
commitment, environmental awareness, knowledge, and education. This is exacerbated by
the lack of information regarding the environmental attributes of products from the forestry
and timber industry, specifically targeted at end consumers residing in countries other than
those in the EU, North America (Canada and the U.S.), and China. On the other hand, it has
been shown that forest certification reduces export barriers and increases competitiveness.
Nevertheless, there is some resistance to the use of these standards within local markets
themselves. In this regard, certification would prioritize aspects related to economic bene-
fits over environmental and social ones. In addition, it has been recognized that providing
workers with clear information about certifications within the organization or company
is essential to making the established standards part of the institution’s daily and organic
operations. Similarly, it has been identified that indicators such as CO; storage, biodiversity
conservation, environmental protection (water and soil), and ecotourism—among other
aspects not considered in forest certifications—could help increase the value of certified
wood, significantly impacting the use of this type of certification. In general, given the lack
of stricter regulations and policies for sustainable forest management, it has been observed
that it will be very difficult to achieve the COP26 objectives related to halting deforestation
by 2030. Finally, regarding finished products from the forestry and timber industry, it was
noted that there is a need for specific environmental certifications for wood products such
as wood panels, sawn timber, and others.

Furthermore, the factors that would make the implementation of an eco-label for
wood-based products in Chile feasible include market conditions for its use, which depend
on political, economic, and social factors. Likewise, it is important to define indicators
to measure the environmental impact of production processes and aspects for evaluating
the environmental performance of products, as well as how this information will be com-
municated, thereby safeguarding the credibility of the label. Furthermore, it should be
emphasized that the indicators for measuring environmental impact also depend on the
geographic area of implementation; for example, in Europe, there is a clear focus on the
environment and human health.

Therefore, it is of the utmost importance to establish the procedures and institutions
involved in verifying and certifying compliance with the requirements necessary for ob-
taining an eco-label.

In this regard, and according to this study, products from the Chilean timber sector
should meet a set of mixed indicators that address aspects related to forest management
as well as emissions of pollutants harmful to human health (VOCs and formaldehyde),
involving both the “supplier” and the “distributor,” all of this through the coordination
of a government agency responsible for environmental issues, such as the MMA in Chile.
Thus, this agency could identify, promote, and sectorize the supply of sustainable products,
with the aim of facilitating their recognition in the market. Consistently, the infographics
for the label provided by the MMA should follow the same graphic style as the “Oficina
verde” and “Estado verde” (Figure 10) seals.

Given that these products are intended for international markets, the VOC emissions
declaration must comply 100% with the standards set by the target market. However,
the implementation of this eco-label in the local market is contingent upon a process of
gradually raising awareness regarding the benefits for the sector, factors such as the supply
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and demand for these products, education, culture, and environmental awareness, as
well as potential “resistance” from the Chilean local market to the implementation of a
new certification.

Finally, it is concluded that the eco-label proposal presented in this study considers
aspects related to the rigor of engineering through VOC indicators (quantitative data),
combined with an intuitive infographic, in line with the guidelines of the MMA—the
institution that supports the initiative—and in accordance with international emissions
standards. Therefore, considering what has been presented in this work, the challenge for
the national timber sector lies in the simultaneous compliance with non-equivalent regula-
tions, which means duplication of tests, additional costs, and a high risk of non-compliance
in one of the two measurement protocols since, by passing the American standards, it does
not necessarily imply passing the European standards and vice versa—a market situation
that reinforces the need for a local certification system that helps evaluate compliance
with standards according to the destination of national products, and even more so, con-
sidering that Chile has potential to grow towards the European market, where national
companies, manufacturers of wood-based products and adhesives, could encounter dif-
ficulties entering, given the environmental barriers (specifically VOC emissions) for the
marketing of their products. In accordance with the above, given the different technical
complexities between North American and European standards, it is concluded that the
national label should be compatible with both standards. Thus, the national certification
should provide results regarding: A, Certification of compliance with TSCA Title VI, ASTM
E1333, and ASTM D6007 standards for the North American market (EPA and CARB);
B, Certification of compliance with ISO 16000, EN 13986, and EN 717-E1 (current) and
EO05 (short-term) standards for the European market; and C, Mixed A + B certification
for national products intended for both markets. Due to the high costs of this type of
certification internationally, and the conceptual and technical differences in measurement
systems, this research concludes that the relevance of a national label lies in measurements
aligned with the standards and regulations of the target market as a prior certification
in the local market. This would assess the emissions of wood products before they are
submitted for international certification, allowing measuring and evaluating environmental
performance, identifying indicators, parts of the production process that are not compliant,
and implementing remedial measures or improvements, including new measurements,
until the required standards are met. This would mean lower costs and faster response
times, thanks to the participation of local labor. Thus, the proposed eco-label can serve as
a tool to strengthen the link between the forestry and timber sectors, in accordance with
the regulatory requirements governing the sustainable construction sector in international
markets, positioning Chile as a benchmark for quality in finished wood products.
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Abbreviations

The following abbreviations are used in this manuscript:

GW Global Warming

GHG Greenhouse Gas

EPF European Panel Federation

CC Climate Change

FsC Forest Stewardship Council

PEFC Programme for the Endorsement of Forest Certification
vOoC Volatile Organic Compound

UF Urea-Formaldehyde

PF Phenol-Formaldehyde

MEF Melamine-Formaldehyde

TIAQ Indoor Air Quality

WHO World Health Organization

IARC International Agency for Research on Cancer
BTEX Benceno, Tolueno, Etilbenceno, Xileno

HAP Hidrocarburos Aromaticos Policiclicos

PCRs Product Category Rules

EDP Environmental Product Declaration

DAPs Declaraciones Ambientales de Productos

LCA Life Cycle Assessment

CELP China Environmental Labelling Program

MME Ministry of Ecology and Environment of the People’s Republic of China
GECA Good Environmental Choice Australia

LEED Leadership in Energy and Environmental Design
USGBC U.S. Green Building Council

Cc2C Cradle to Cradle

GDP Gross Domestic Product

CMPC Compafifa Manufacturera de Papeles y Cartones
EPA Environmental Protection Agency

TSCA Toxic Substances Control Act

TVOCs Total Volatile Organic Compounds

CLT Cross-Laminated Timber

MUF Melamine-Urea-Formaldehyde

GEV Gemeinschaft Emissionskontrollierte Verlegewerkstoffe
DICL Danish Indoor Climate Label

DTI Danish Technological Institute

SFI Sustainable Forestry Initiative

GBP Green Building Program

SFM Sustainable Forest Management

EMS Environmental Management System

ECTP Environmentally Certified Timber Product
MMA Chilean Ministry of the Environment

APL Clean Production Agreement

SOFOFA  Chilean Manufacturers” Association

ASCC Agency for Sustainability and Climate Change
SERNAC National Consumer Service

SCAM Municipal Environmental Certification
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