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Abstract

In the United States, charcoal is widely used for recreational purposes, particularly as fuel for outdoor grilling.
Unknown to many consumers, charcoal production has profound environmental impacts worldwide and is too often linked
to deforestation and illegal activities involving fraud and misrepresentation in the forest products supply chain. At present,
the reliability of the US charcoal market is largely unknown. For 15 lump charcoal brands in the US commercial market,
we evaluated the taxonomic composition, claims of origin, bag weight, and lump size. All 15 brands analyzed exhibited
substantial inconsistencies compared to the information provided on the packaging. These discrepancies included
taxonomic misidentifications, misrepresented claims of origin, and discrepancies with bag weight. This study is broadly
consistent with previous findings of fraud and misrepresentation in the forest products supply chain in the United States
and in the charcoal trade in Europe and suggests that lump charcoal consumers are frequently using material that differs

substantially from product claims.

Forest biomass holds tremendous promise as a renew-
able resource capable of addressing critical global chal-
lenges for building materials, energy, and other uses. It
offers sustainable solutions for fuel and heating, enhancing
energy security, and mitigating resource depletion (Easterly
and Burnham 1996, Hall 2002, Ang et al. 2022, Bays et al.
2024, IEA Bioenergy 2024). One prominent example is
wood fuel, which has served as a vital source of energy for
cooking and heating worldwide for centuries if not millennia.
This practice continues today, with an estimated 2.4 billion
people relying on wood fuel annually (Serrano-Medrano
et al. 2014, van Dam 2017). While the exact split between
fuelwood and charcoal use remains unclear, it is likely that
hundreds of millions of people globally depend on charcoal
(Wilkinson et al. 2007, van Dam 2017, van’t Veen et al 2021).

However, the use of wood for fuel extends beyond basic
subsistence needs. In contrast to fuelwood used for daily
life in developing countries throughout the world, recrea-
tional use of charcoal is common in many places, such as
Europe and the United States (Reumerman and Frederiks
2002, Mencarelli et al. 2025). Celebrated for its natural fla-
vor and ability to impart a distinct smokiness to grilled
foods, lump charcoal plays a central role in outdoor cooking
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traditions across the United States. However, the production
process behind this popular cooking item and its potential
consequences are often unknown to consumers.

Charcoal production can be associated with environmental
and ethical concerns. It is frequently linked to deforestation,
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unsustainable practices, illegal logging, and illicit trade
(Interpol 2015, van Dam 2017, Nellemann et al. 2018, Haag
et al. 2020, Perdigao et al. 2020, Zahnen et al. 2020, Braga
Junior et al. 2021, da Silva et al. 2024). These issues are not
confined to the producing countries; they directly impact the
charcoal supply chain that feeds U.S. grills. To understand
these complexities, it is crucial to examine the charcoal sold
in the United States.

The United States imports substantial charcoal volumes
(including lump charcoal and briquettes), primarily from
neotropical countries such as Mexico, Paraguay, and Brazil
(USITC DataWeb 2024), regions where charcoal produc-
tion is linked to environmental and social challenges,
including deforestation (Taylor 2008, da Ponte et al. 2017,
Prayogi et al. 2020, Garcia-Quezada et al. 2022, Fenton
2024), forest degradation (Gongalves et al. 2016), potential
links to illegal logging (Perdigao et al. 2020, da Silva et al.
2024), and resource theft (Haag et al. 2020, Braga Junior
etal. 2021).

Analysis of charcoal import data for the United States
from 2019 to 2024 reveals distinct patterns among export-
ing countries, with Mexico being the main supplier. In
2019, the country accounted for 69.83% of US charcoal
imports, reaching 71.57% in 2020 before declining to
61.23% in 2024. Despite this decrease, Mexico maintained
its dominant position by a substantial margin. Paraguay
demonstrated an increase in its contribution, emerging as
the second-largest exporter. Starting with a 3.79% share in
2019, Paraguay’s contribution almost doubled, reaching
7.11% in 2020 and peaking at 12.64% in 2021. By 2024,
Paraguay supplied 10.64% of US charcoal imports, estab-
lishing itself in the second position. Indonesia and Brazil
consistently ranked among the top five exporters during this
timeframe. Indonesia’s share fluctuated, starting at 3.87%
(2019), reaching a high of 6.56% (2022), and registering
5.44% in 2024. Brazil also maintained its share, ranging
from 3.28% (2019) to a peak of 4.63% (2020), and recorded
at 4.01% in 2024. Other notable contributors to the US char-
coal supply include South Africa, Venezuela, Colombia, El
Salvador, and Nicaragua (USITC DataWeb 2024). This reli-
ance on imports, particularly from neotropical countries,
raises concerns about the sustainability and ethical sourcing
of charcoal sold in the United States (Magrath et al. 2010).

As a major supplier of charcoal to the United States,
Mexico’s charcoal production presents a complex picture.
While it provides crucial livelihoods in rural areas, it also
contributes to deforestation and forest degradation (Taylor
2008, Garcia-Quezada et al. 2022), the labor-intensive
nature of charcoal production often results in harsh working
conditions and low wages, and the trade itself can be linked
to illegal activities such as wood theft and the clearing of
protected areas (Taylor 2008).

Similarly, deforestation in Paraguay is a complex issue
driven by a combination of factors, including agricultural
expansion, charcoal production, and corruption (Haag et al.
2020). While the Zero Deforestation Law has had some suc-
cess in reducing deforestation in Paraguay’s Atlantic Forest
(da Ponte et al. 2017, Fenton 2024), challenges persist in
the Gran Chaco Forest which is still facing pressure due to
the demand for charcoal (Prayogi et al. 2020).

Brazil, another key charcoal exporter, faces its own set of
challenges. Charcoal production in Brazil is often associated
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with environmental crimes such as land grabbing and defor-
estation, as well as labor exploitation (Braga Janior et al
2021). A particularly pressing issue is the use of illegal wood
from protected indigenous lands in the Amazon for charcoal
production (Perdigao et al. 2020). This illegal practice is
exacerbated by a lack of resources for monitoring the origin
of the wood, leaving protected areas vulnerable to illegal log-
ging (da Silva et al 2024). Additionally, charcoal production
in the threatened cerrado biome contributes to deforestation
and environmental degradation (Gongalves et al. 2016).

In addition to importing lump charcoal, the United States
itself produces lump charcoal for use within the country.
Specifically, several lump charcoal brands pose a range of
claims asserting production from US woods.

For some time, there has been increasing awareness about
the environmental (Taylor 2008, Pandey et al. 2009, Kabir
et al. 2010, Chidumayo and Gumbo 2013, van Dam 2017,
Mencarelli et al. 2023) and social impacts (Dias et al. 2002,
Nellemann et al. 2018, Dittmar 2024) of charcoal produc-
tion, prompting consumers to seek sustainably sourced and
ethically produced charcoal (Rocchi et al. 2023). However,
the complexity of the charcoal supply chain, coupled with a
lack of transparency and regulation, makes it challenging
for consumers to make informed choices (van Dam 2017).

In 2015, the European Union (EU) began to tackle the
environmental crime wave by studying the charcoal trade.
They found that it was a major source of income for orga-
nized crime and terrorist groups (Interpol 2015). In 2020,
the Thunen Institute and the WWF conducted an analysis of
the charcoal trade in Europe. They studied 30 fragments
from each of 150 charcoal consignments from 11 countries
(a total of 4,500 individual charcoal fragments, both from
lump charcoal and briquettes) and found that 46% of the
charcoal in Europe was from subtropical or tropical regions;
only 25% of the consignments examined provided informa-
tion on the bags regarding the processed woody taxa; and
over half of the information provided was incorrect or
incomplete (Haag et al. 2020, Zahnen et al. 2020). The con-
clusion of these studies causing major concern is that the
charcoal trade in Europe is a major source of income for orga-
nized crime, is associated with illegal logging and deforestation,
and lacks regulation and control (Interpol 2015, Nellemann
et al. 2018, Haag et al. 2020, Zahnen et al. 2020).

In 2019, Wiedenhoeft et al. revealed a concerning inci-
dence of fraud and misrepresentation in wood-based prod-
ucts within the US market, with nearly two-thirds of
products showing some form of fraud and/or misrepresenta-
tion. However, their investigation did not extend to charcoal
products, leaving a critical gap in our understanding of the
integrity of this market segment in the United States. Con-
sequently, the prevalence of fraud within the US charcoal
market remains unclear.

To address this gap this study aims to provide an analysis
of a snapshot in time of the lump charcoal trade in the
United States by investigating the taxonomic composition,
origin, weight, and inclusion of noncombustible materials
based on the transparency of product labeling. Furthermore,
we assess lump size classes to determine if a given bag of
lump charcoal shows different taxonomic composition by
size class. By addressing these objectives, this research
seeks to evaluate the reliability of claims for lump charcoal,
inform charcoal consumers, guide manufacturers, and offer
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regulators valuable insights into the potential need for industry
guidelines, oversight, and enforcement.

Material and Methods

Charcoal acquisition

Fifteen lump charcoal brands were selected for this study,
representing the major companies operating in the North
American charcoal market. Bags were purchased online
between February and November 2019. As noted in more detail
below, individual manufacturers are not named in this work, but
manufacturer names were provided to the editors for review.

Packaging claims

All information displayed on product packaging was con-
sidered a “product claim” and used for analysis. Each bag was
assigned a unique specimen code (1 through 15), and data
including brand, manufacturer, declared country of origin,
declared product weight, and declared woody taxa were
recorded in a spreadsheet. Brand and manufacturer informa-
tion are not disclosed in this manuscript. This decision aligns
with the approach taken by Wiedenhoeft et al. (2019), where
the intention is not to “name and shame” but rather to contrib-
ute scholarly data to the broader understanding of fraud and
misrepresentation in the US lump charcoal market.

Charcoal weight

To assess compliance with labeling regulations, the total
weight of the contents of each bag was measured in grams
and compared to its labeled net weight (converted from pounds
to grams). Acceptable weight variations were determined
according to the Fair Packaging and Labeling Act (FPLA)
Section 500.25(c) and the National Institute of Standards
and Technology (NIST) Handbook 133. These guidelines
define “Maximum Allowable Variations” (MAV) that are con-
sidered reasonable variations permitted for individual bags.
Table 1, adapted from Table 2-5 in NIST Handbook 133, pre-
sents the Maximum Allowable Variations (MAVs) for the spe-
cific weights of the charcoal bags analyzed in this study.

The difference between the claimed weight and the actual
measured weight was calculated to determine weight dis-
crepancy. A normalized discrepancy metric (d) was calculated
to express the discrepancy relative to the MAV:

d = |claimed weight — actual weight|/MAV

Weight discrepancies were categorized based on how
much they exceeded the MAV. Eight ranks of discrepancy

Table 1.—Maximum allowable variations (MAVs) for bags labeled
by weight (adapted from Table 2-5 in NIST Handbook 133).

Maximum Allowable Variations (MAVs) for Bags Labeled by Weight

Labeled quantity Maximum allowable variations

More than 3.58 kg to 4.26 kg 86¢g

More than 7.90 Ib to 9.40 Ib 0.191b

More than 4.26 kg to 5.30 kg 9g

More than 9.40 Ib to 11.70 Ib 0.221b

More than 6.48 kg to 8.02 kg 127 g

More than 14.30 1b to 17.70 Ib 0.28 Ib

More than 8.02 kg to 10.52 kg 140 g

More than 17.70 1b to 23.20 Ib 0.311b
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were created and detailed in the “Weight Claim” column
in Table 2.

To assess the accuracy of product claims across various
categories (taxa, origin, and weight), we developed an ordi-
nal discretization method detailed in Table 2.

Lump size analysis

We aimed to determine the relationship between charcoal
lump size, taxonomic composition within each size class,
and the weight distribution by size class. To achieve this,
we utilized a human-powered sifting machine, specifically
designed for this purpose, equipped with three progressively
smaller mesh screens (2-inch, 1-inch, and half-inch) to sep-
arate the charcoal pieces by size. This process yielded four
distinct size classes: those specimens that did not pass
through a 2-inch mesh, those that did not pass through a
1-inch mesh, those that did not pass a through a half-inch
mesh, and “fines” (particles that passed through the half-
inch mesh and collected in a base tray). The weight of char-
coal retained in each size class was recorded.

It is important to acknowledge that the brittle nature of
charcoal makes it susceptible to fragmentation during han-
dling, packaging, and transportation. This inherent fragility
may influence the observed size distribution relative to the
size distributions originally bagged by the manufacturer.
Later in the “Lump size screening” results section we con-
sider it possible that our sifting method could have
increased the fines portion of the charcoal over what a
consumer might find in the bag from the manufacturer.
Furthermore, our sifting method doubtless caused some
fragmentation of larger size-class pieces, shifting the
distribution an unknown amount toward smaller size
classes. Based on observations of material before and dur-
ing sifting, the frequency of this at the larger size classes
was comparatively infrequent.

While we recognize the established link between lump
size and combustion characteristics (CEN EN 1860-2:2005
n.d.), our analysis of size distribution was not intended to
assess combustion quality explicitly. Instead, our focus was
to determine whether smaller size classes showed similar
taxonomic membership and breadth to the larger size clas-
ses, or if different taxa were utilized at smaller size classes,
perhaps to achieve the stated net weight of the bag, though
if a bag of charcoal showed a proportion of fines by weight
greater than Fines/(MAV*2), we considered that an undesir-
able condition.

Taxonomic identification

Due to the brittle nature of charcoal, traditional section-
ing for microscopic analysis is not available (Angeles
2001). Charcoal fragments were oriented for examination
using a 14x hand lens and/or reflected light microscopy, as
needed. Identification of challenging taxa was facilitated by
use of the online tool InsideWood (Wheeler 2011). Final
taxonomic identification was achieved by comparing char-
coal anatomical features to reference specimens in the xyla-
rium and slide collection at the Forest Products Laboratory
in Madison, Wisconsin. All charcoal fragments within each
bag were analyzed, totaling over 18,000 individual pieces
examined both macroscopically and/or microscopically for
taxa requiring light microscopy for identification.
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Table 2.—Evaluation criteria for charcoal product claims.

Rank Taxonomic claim Origin claim Weight claim
1 Only and all listed taxa Entirely consistent with origin claim d < MAV
2 Only listed taxa, but not all listed taxa IMAV < d <2MAV
3 Listed taxa and unlisted taxa from a similar forest type Partly consistent with origin claim 2MAV < d < 3MAV
4 No listed taxa, but taxa from similar forest type 3MAV < d < 4MAV
5 Listed taxa and unlisted taxa from a dissimilar forest type Inconsistent with origin claim 4MAV < d < 5SMAV
6 No listed taxa, but taxa from a dissimilar forest type SMAV < d < 6MAV
7 Broad, vague claim (e.g., hardwood, or wood) Broad, vague claim 6MAV < d < 10MAV
8 No claim No claim d > 10MAV

For weight claim, d is the discrepancy metric, compared to the MAV.

Results and Discussion

Analysis of 15 commercial charcoal brands revealed
inconsistencies between packaging information and actual
product composition in 12 (80%) products. These discrep-
ancies included vague labeling, equivocal taxonomic com-
position, and inaccurate weight. Furthermore, when the
amount of material unusable or unreliable for grilling (bark
[which combusts quickly and unevenly], rock, and fines)
was considered, the number of products exhibiting inconsis-
tencies increased to 15 (100%), each of which are detailed
below.

General packaging information

Analysis of packaging revealed a lack of transparency
regarding woody taxa and origin. Eight (53%) bags speci-
fied the woody taxa used by common name (Table 3), with
the remaining seven (47%) stating only that the charcoal
was derived from “hardwoods,” a claim so broad that it
imparts little context.

Of those that claimed explicit taxa,

one bag claimed, “100% mesquite.”

one bag declared, “One ingredient: oak hardwood.”

one bag listed “oak, hickory, maple, and other hardwoods.”
one bag claimed, “All natural Lump Oak and Hickory.” It
is not clear if the claim is all-natural, or if the bag’s con-
tents are all lump oak and hickory.

e four bags listed one-to-three taxa but did not specify if
these were the only woods used. These four bags used the
term “100%” in association with “natural” and/or “hard-
woods,” sometimes followed by a list of taxa.

Seven bags did not declare particular taxa but stated that
the charcoal was derived from hardwoods, using variations
of phrases like “100% Natural Hardwood” or “All Natural
Hardwood Lump Charcoal” (Table 3). Claims like “100%
Natural” and “Environmentally friendly” are presumably
used to appeal to those consumers seeking sustainable and
natural products. However, these claims can be misleading,
vague, and may exaggerate environmental impacts (de
Freitas Netto et al. 2020). Phrases like “Renewable Natural
Resources” might suggest responsible sourcing, but only
one of the bags displayed a third-party certification seal.
The term “100% Organic Hardwood” can also be deceptive.
In the United States, the USDA strictly regulates the use of
the term “organic” (AMS 2000). Authentic “organic” prod-
ucts must display the USDA Organic certification seal, a
rare occurrence in the charcoal industry due to the stringent
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certification process. The bag in question did not display the
USDA certification seal. Of the 15 bags, only one (#14)
claimed Forest Stewardship Council (FSC) certification, but
we were unable to verify the specific FSC certificate appli-
cable to this bag (Table 3).

The examination of charcoal packaging also revealed
inconsistencies in how countries of origin were presented
(Table 3). Of the 14 bags that included origin information,
most (9) used the phrase “Made in,” while five used “Prod-
uct of”, with one simply stating “America,” which is too
broad to be informative. The countries identified on the
bags were Brazil (1), Canada (1), Mexico (5), Paraguay (1),
Ukraine (1), and the United States (4). This small sample
aligns roughly with the US charcoal import trends from
2019, the year of sample collection. According to USITC
DataWeb data for 2019, Mexico already dominated the
market then, supplying approximately 69.83% of US char-
coal imports by quantity. Indonesia and Paraguay followed
with 3.87% and 3.79%, respectively. While our sample
included charcoal from Brazil and Canada, their contribu-
tions to the US market were relatively small in 2019 (3.28%
and 0.87%, respectively) (USITC DataWeb 2024). Due to
the limited sample size, our analysis may not fully represent
the entire market panorama of that year. For example, in
2019 Indonesia accounted for approximately 3.87% of US
charcoal imports (USITC DataWeb 2024) but was not rep-
resented in our findings. Conversely, Ukraine, which in
2019 contributed less than 0.05% of US charcoal imports,
was a claimed origin in our 2019 sample. In addition to lim-
its of sample size, the USITC data include both lump and
briquette charcoal, but this study was restricted to lump
charcoal, and this could contribute to discrepancies between
trade data and our findings.

Haag et al. (2020) reported concerning discrepancies
with charcoal packaging labels in the European Union
(EU). They found that only a quarter of the examined char-
coal bags displayed information about the woody taxa used,
and over half of those labels were inaccurate or incomplete.
This prior work, in conjunction with our results, highlights
that labeling issues are not unique to the US charcoal mar-
ket, suggesting the potential for a broader problem.

We approach the analysis of our results in two broad
areas: a combination of taxonomic composition and claimed
origin (as one bears on another for inferring consistency
with product claim), and bag weight. Within these areas and
based on our observations, we also group claims and results
in an endeavor to summarize interesting patterns.
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Claimed origin
Product of Canada
Product of Mexico

Observed taxonomic composition

Neltuma (96.97%), Anacardiaceae (0.37%), Unknown (0.19%), Pistacia (0.16%), Juglans (0.06%),
Celtis (0.03%), Acer (0.02%),

Acer (maple) (79.54%), Betula (7.15%), Fagus (0.55%), Pinus (0.17%), Tilia (0.15%)

Claimed taxa
100% Natural Hardwood charcoal Sugar Maple

100% Mesquite charcoal

Table 3. Continued.
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Evaluation of claimed vs. observed charcoal
taxonomic composition and origin

While the great majority of more than 18,000 wood
fragments were identified at the genus level (over 86%), a
small proportion (11.4%) could only be classified at the
family level, and 2% remained unidentified (even though
they were all determined to be tropical hardwoods) and
were labeled as “unknown.” This limitation highlights the chal-
lenges in identifying charcoal fragments at finer taxonomic lev-
els, particularly for tropical taxa, as the charcoal production
process alters the woods’ original properties, making identifica-
tion based on features like color, odor, density, or hardness
impossible (Haag et al. 2020), and further induces changes in
objective metrics due to differential shrinkage. Furthermore,
smaller particles are much more difficult to identify than the
larger pieces. This latter point is important for researchers with
interest in evaluation claims by charcoal briquette manufactur-
ers, as the individual charcoal particle sizes in briquettes are
almost always of a size consistent with our “fines” category,
and require substantially more effort to identify.

The claimed taxa and detailed taxonomic composition for
each bag is shown in Table 3. A first point to highlight is
the labeling ambiguity regarding claimed taxa. While
approximately half of the bags specified one or more woody
taxa, they often lacked explicit statements indicating that
the product contained exclusively those taxa, potentially
misleading consumers to reasonably infer that the listed
taxa constitute the entirety of the product’s composition.

With regard to product composition, our wood anatom-
ical analysis revealed a remarkable diversity of species.
We identified 29 different botanical families (Fig. 1) and
45 genera (Figs. 2—4). Pinus is the only softwood found in this
study, but for bags claiming hardwoods-only (Bags # 7, 8,
13, 14), it represents a serious discrepancy. The most com-
mon hardwood families were Fabaceae and Fagaceae, which
together made up roughly 65% of the charcoal we examined.
This is considerably more diverse than the EU study by Haag
et al. (2020), where 18 botanical families were found among
150 charcoal consignments. This difference could reflect dif-
ferences in the EU and US, markets and/or source countries,
and might also be influenced by the fact that our study identi-
fied roughly two and a half times as many charcoal fragments
as Haag et al. (2020).

Quercus (28.39%) and Neltuma (19.23%) were the domi-
nant genera, constituting approximately 48% of the sample.
This finding aligns with both the information provided on
packaging labels (Table 3) and a general understating of US
lump charcoal consumer preferences. Quercus (oak) is
prized for its slow-burning characteristics and the neutral
flavor it imparts to grilled food, whereas Neltuma (mes-
quite) is sought for the distinctive smoky aroma attributed
to it (Rozum, 2009, Husbands and Cranford 2019, Drobniak
et al. 2021, Mencarelli et al. 2022). Interestingly, despite
being listed on at least four bag labels (Table 3), Acer
(maple) and Carya (hickory) represented only 6.7% and
1.8% of the total sample, respectively.

For a finer-grained analysis, bags were grouped based on
taxonomic composition as a proxy for origin:

e temperate taxa only (five bags) (Fig. 2)
e mixed tropical and temperate taxa (six bags) (Fig. 3)
e tropical taxa only (four bags) (Fig. 4)
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Table 4.—Weight accuracy assessment of commercial charcoal bags (to the nearest gram).

# Claimed weight (g) Measured weight (g) Weight discrepancy (g) MAV (g) Disc. (g)/MAV (g) Classification Rank
1 9072 8882 189 140 1.35 Unreasonable deficit 2
2 9072 9082 -10 140 —0.07 Overage

3 9072 9402 -330 140 —2.36 Overage 1
4 9072 9062 10 140 0.07 Reasonable deficit 1
5 8165 7147 1018 140 7.27 Unreasonable deficit 7
6 7983 8215 —232 127 —1.82 Overage 1
7 9072 9183 —111 140 —0.79 Overage 1
8 3629 4301 —672 86 —7.82 Overage 1
9 7983 7580 403 127 3.17 Unreasonable deficit 4
10 4536 4542 -6 99 —0.06 Overage 1
11 9072 9097 -25 140 —0.18 Overage 1
12 9072 9003 68 140 0.49 Reasonable deficit 1
13 7003 7342 —338 127 —2.66 Overage 1
14 7983 7780 203 127 1.60 Unreasonable deficit 2
15 3629 3333 296 86 3.44 Unreasonable deficit 4

Claimed weight compared to the measured weight, with discrepancy calculated such that negative values indicate an overweight condition. Compliance
with the Maximum Allowable Variations (MAV) as defined in NIST Handbook 133 is reported under “Classification” with a descriptor for whether over-
weight (cells not highlighted) reasonably underweight (cells highlighted in blue), or unreasonably underweight (cells highlighted in yellow), and a Rank col-

umn with an ordinal rank discretizing the discrepancy per Table 2.

Temperate-only bags.—Five bags (#1, 6, 7, 13, and 14)
contained only temperate taxa (Table 3). In these cases, the
declared origin (United States, Canada, Ukraine) was con-
sistent with the observed taxa. However, out of the five
bags, listed taxa and unlisted taxa from a similar forest type
(i.e. north temperate) were found in four of them (#1, 7, 13,
14); that is, while the listed taxa were present, other taxa
were also found that were not included in the declaration.
Finally, in one bag (#6) the accuracy of the taxonomic claim
was excessively broad, simply claiming “hardwood,”
which, while accurately reflecting its contents, is a compar-
atively low bar to meet.

Considering the distribution of taxa in the temperate-only
bags, Figure 2 presents a predominance of Quercus (oak),
which constituted 49.9% of the total composition. This
result is consistent with labeling claims, which featured oak
in three bags out of five (Table 3), and also with the results
of Haag et al. (2020) for the EU market. Interestingly,
Carya and Liriodendron (Fig. 2, and Fig. 2 legend) are
members of the Arcto-Tertiary disjunct flora—these genera

are part of north temperate forests in North America and
Asia, but are absent from Europe, suggesting that such char-
coal is more likely of North American origin than European
or Asian origin.

Fraxinus (ash) emerged as an important fraction of the
temperate-only group (17.31%) despite not being men-
tioned on any of the labels (Fig. 2, Table 3). This discrep-
ancy raises concerns regarding the accuracy of labeling
practices and the potential for taxon substitution or misiden-
tification within the US lump charcoal market, though Frax-
inus is consistent with a north temperate origin.

Temperate + tropical bags.—Six bags (#2, 5, 8, 11,
12, 15) contained a mix of temperate and tropical taxa, and
of these, four (bags #2, 5, 12, 15) claimed to originate from
Mexico and two (bags #8, 11) from the United States (Table 3).
As one might expect, Nelfuma (mesquite) emerged as the domi-
nant taxon, representing 50.5% of the total weight (Fig. 3) in the
temperate + tropical class. Quercus (oak) remained a major
component (Fig. 3), although in a lower proportion (31.16%).
Together, these two genera constituted over 80% of the total

Table 5.—Quantification of bark, fines, and rocks in charcoal samples and comparison to the maximum allowable variation (MAV).

Measured weight MAV Bark Rock Fines Proportion of
# (grams) (grams) (grams) Bark/MAV (grams) Rocks/MAV (grams) Fines/(MAV*2) usable content
1 8882 140 1707 12.19 0 0.00 730 2.61 0.726
2 9082 140 1989 14.21 115 0.82 416 1.49 0.722
3 9402 140 264 1.89 0 0.00 687 2.45 0.899
4 9062 140 110 0.78 0 0.00 240 0.86 0.961
5 7147 127 229 1.80 0 0.00 1294 5.09 0.787
6 8215 140 140 1.00 0 0.00 301 1.08 0.946
7 9183 140 1846 13.19 8 0.05 453 1.62 0.749
8 4301 99 189 1.91 0 0.00 268 1.35 0.894
9 7580 127 12 0.09 0 0.00 556 2.19 0.925
10 4542 99 65 0.65 0 0.00 180 091 0.946
11 9097 140 633 4.52 12 0.09 316 1.13 0.894
12 9003 140 225 1.61 79 0.56 758 2.71 0.882
13 7342 127 1130 8.90 11 0.09 408 1.61 0.789
14 7780 127 860 6.77 18 0.15 673 2.65 0.801
15 3333 86 69 0.80 0 0.00 200 1.16 0.919
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Figure 1.—Family-level identification of charcoal fragments across all bags. Bars represent the percentage of total charcoal weight
attributed to each family. Not displayed are families representing less than 0.1% of the total (Apocynaceae, Altingiaceae,
Combretaceae, Bignoniaceae, Salicaceae, Magnoliaceae, Malvaceae, Platanaceae, Ebenaceae, and Cannabaceae). The top

seven families represent 91.02%.

charcoal weight among these six bags. Bag #2 claimed to contain
“oak” with no other botanical claims made. Upon examination,
Quercus comprised 74.6% of the bag, and the rest consisted of
Neltuma (0.1%) and Anacardiaceae at approximately 0.9%.

Bag #5, claiming “100% natural hardwood” and “from
renewable natural resources,” contained at least 18 different
taxa. The most abundant genera identified were Neltuma
(31.55%), followed by unidentified members of Fabaceae
(14.84%), Albizia (8.97%), Sapotaceae (7.89%), Eucalyptus
(7.06%), Ulmus (6.69%), and Cordia (5.59%). The mix also
included Euphorbiaceae (3.90%), Rhamnus (1.77%), Ceano-
thus (1.52%), and Ficus (1.40%); Quercus, Pistacia, Xerosper-
mum, Anacardiaceae, Fraxinus, Castanea, and Sapindaceae
all at less than 1.0% composition; and a variety of other tropi-
cal hardwoods (totaling an additional 2.38%) that could not be
identified at the family level. This bag claims to use “renew-
able natural resources,” presumably seeking to imply responsi-
ble forest management. However, all wood and wood-derived
materials are technically renewable, even when harvested irre-
sponsibly. The bag contained a variety of taxa from different
forest types, strongly suggesting that the content comes from
multiple sources, not all of which necessarily within Mexico.

Bag #12, claiming “hardwood,” contained 96.14% Nel-
tuma (mesquite) and 0.09% Magnolia, both of which are
hardwoods and thus consistent with the overly broad claim.
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Quercus
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Fraxinus
Carya

Bag #15 claimed 100% mesquite, which is consistent with
the country’s typical hardwood taxa used for charcoal (Tay-
lor 2008). Our analysis revealed approximately 97% Nel-
tuma (mesquite) with the remaining percentage comprising
other taxa such as Anacardiaceae (0.37%), unknown tropi-
cal hardwood (0.19%), Pistacia (0.16%), Juglans (0.06%),
Celtis (0.03%), and Acer (0.02%). While the dominant taxa
align with the expected composition, the presence of other
taxa in small amounts is noteworthy.

Bags #8 and 11 contained temperate taxa mixed with tropical
taxa that are not typically found in the United States (Table 3),
suggesting that the raw materials were likely sourced elsewhere,
potentially Mexico, despite the “Made in USA” label. Bag #8
claimed to contain oak and hickory, but analysis revealed the
presence of multiple taxa, with oak comprising 56.58% and
hickory only 0.19% by weight, and the remaining weight made
up of Eucalyptus (27.23%), Pinus (3.62%), Maclura (2.18%),
Juglans (2.11%), Ficus (1.50%), Neltuma (1.48%), Handroan-
thus (0.29%), and Liquidambar (0.10%). Bag (#11) was labeled
as “100% organic hardwood.” As previously discussed, the
term “organic” in this context is problematic. Analysis revealed
a composition of Neltuma (59.21%), Quercus (25.06%), and a
mix of tropical taxa.

The Federal Trade Commission’s (FTC) “Made in USA”
standard requires that all or virtually all significant parts,

Pinus
Juglans
Betula
Carpinus

Figure 2—Genus-level distribution of charcoal fragments found in bags containing exclusively temperate hardwoods. Bars repre-
sent the percentage of total charcoal weight attributed to each genus. Not displayed are genera representing less than 1% of the

total (UImus, Liquidambar, Fagus, Populus, Liriodendron, Tilia, Alnus, and Platanus). The top seven genera represent 97.9% of

the charcoal identified in temperate-only contents, by weight.
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Figure 3.—Genus-level distribution of charcoal fragments found in bags containing mixed temperate and tropical hardwoods. Bars rep-
resent the percentage of total charcoal weight attributed to each genus/family. Not displayed are genera representing less than 1% of
the total (Celastraceae, Ulmus, Euphorbiaceae, Anacardiaceae, Rhamnus, Pinus, Ficus, Phyllostylon, Tabernaemontana, Ceanothus,
Drypetes, Maclura, Juglans, Unknown, Combretum, Pistacia, Handroanthus, Xerospermum, Sapindaceae, Lonchocarpus, Fraxinus,
Carya, Magnolia, Liquidambar, Castanea, Diospyros, Celtis, and Acer). The top seven genera represent 92.8% of the temperate +

tropical contents by weight.

processing, and labor be of US origin, with final assembly
or processing occurring in the United States. Products may
be considered “Made in the USA” even if the raw material
is foreign, provided they undergo a “substantial transforma-
tion” in the United States. However, the term “substantial
transformation” might be problematic in application to
charcoal because, while the conversion of wood to charcoal
involves a major transformation, the final product’s essential
character and value are still derived from the original wood.
This ambiguity in applying the “substantial transformation”
rule calls for greater clarity to avoid misleading consumers;
using a qualified claim such as “Made in USA from imported
wood” would provide a more accurate representation of the
charcoal’s origin and manufacturing process.

Tropical-only bags.—The analysis of the four charcoal
bags containing exclusively tropical hardwoods (#3, 4, 9,
10), reveals intriguing insights into the composition and
potential mislabeling of charcoal within the US market,
with implications for both consumer transparency and con-
servation efforts.

Aspidosperma, a tropical genus, emerged as the dominant
constituent comprising approximately 30% of the total
weight (Fig. 4). Another substantial portion (30%) of the ana-
lyzed fragments were identified as belonging to the Fabaceae,

30%

Aspidosperma
Fabaceae
Inga
Unknown
Curatella
Neltuma
Canotia

25%
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15%
10%
5% .
0% . . | — — = — —

appearing most similar to Anadenanthera (Fig. 4). Inga appeared
as the third most common taxon, contributing to 19% of the total
weight (Fig. 4). Aspidosperma was present exclusively in the bag
originating from Paraguay (#4) and absent in all other samples.
Anadenanthera was exclusively present in the bag from Brazil
(bag#3, Table 3). Interestingly, these bags exhibited a unique
homogeneity, each containing only the mentioned taxa.

The remaining two bags presented a contrasting picture
in terms of transparency of product claim. While one (# 10)
declared Mexico as its country of origin and contained a
mix of tropical taxa consistent with that country, the other
(# 9) lacked any origin information on the package (but
online investigation of the product SKU indicated an El Sal-
vador origin) and was misleadingly labeled as “One ingredi-
ent Oak hardwood” (Table 3). Analysis of the latter bag
revealed the presence of at least six different taxa (Table 3)
and a complete absence of oak (Quercus), further highlight-
ing the issue of fraud and misrepresentation in the charcoal
market. The lack of transparency observed in the labeling of
charcoal products raises concerns regarding the accuracy of
information provided to consumers.

While none of the genera identified in our study were
listed under the Convention on International Trade in Endan-
gered Species of Wild Flora and Fauna (CITES) at the time of

Anacardiaceae

Pistacia

Drypetes

Manilkara

Hippocratea
Hymenolobium I
Albizia I

Figure 4.—Genus-level distribution of charcoal found in bags containing exclusively tropical hardwoods. Bars represent the per-
centage of total charcoal weight attributed to each genus/family. Not displayed are genera representing less than 0.1% of the total
(Lithraea, Terminalia, and Sapotaceae). The top six genera represent 92.9% in the tropical-only bags, by weight.
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purchase, the presence of taxa such as Inga, Pistacia, Dry-
petes, Manilkara, Hymenolobium, Handroanthus, Albizia, Ter-
minalia, and Neltuma, which include taxa classified as Near
Threatened (NT), Vulnerable (VU), Endangered (EN), and
Critically Endangered (CR) on the IUCN Red List (IUCN
2024), highlights the potential for unsustainable harvesting
practices and underscores the need for greater vigilance and
responsible sourcing within the US lump charcoal market.

Taxonomic distribution by size class

The taxonomic distribution within different charcoal lump
size classes (2-inch, 1-inch, and half-inch) was analyzed for
temperate, mixed, and tropical taxa across all bags.

Temperate-only bags.—The taxa distribution across the
three size classes showed distinct patterns. Quercus was
consistently dominant in all size classes, representing the
largest proportion by weight (51%, 50%, and 48% for
2-inch, 1-inch, and half-inch, respectively). Acer main-
tained a relatively consistent presence across all size classes
(17%, 20%, and 19%), while Fraxinus showed a decreasing
trend with decreasing fragment size (25%, 16%, and 11%).
Carya was more abundant in the smaller size classes. Several
taxa including Ulmus, Liquidambar, Liriodendron, Populus,
Tilia, Platanus, Juglans, and Alnus were absent in the 2-inch
size class but appeared in small amounts in the half-inch class.
Juglans exhibited a particularly high proportion in the half-inch
class (Fig. 5). Overall, this distribution suggests that roughly
half of the taxa were consistently present across all size classes.
The remaining 44% constituted the 1-inch and half-inch classes,
and just 6% were found only in the 1-inch class.
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30%
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Temperate + tropical bags.—Neltuma was the most
abundant taxon across all size classes and increased in rep-
resentation as fragment size decreased (46%, 51%, and 61%
for 2-inch, 1-inch, and half-inch, respectively). Quercus fol-
lowed as the second most abundant taxon, showing a
decreasing trend (33%, 31%, and 24%). All other taxa rep-
resented less than 10% in one or more size classes, with
Fabaceae, Albizia, and Cordia being more prominent in the
2-inch class (5.7%, 3.2%, 2.4%). A mix of temperate and
tropical taxa such as Phyllostylon, Tabernaemontana, Cea-
nothus, Maclura, Pistacia, Handroanthus, Xerospermum,
Sapindaceae, Lonchocarpus, Fraxinus, Magnolia, Carya,
Liquidambar, Castanea, Diospyros, Celtis, and Acer were
not present in the 2-inch size but were present in small
amounts in the 1-inch and half-inch classes (Fig. 6, and data
not shown). Comparing this temperate + tropical mixed
group with the temperate-only bags, we find roughly half of
the taxa represented across all the three size classes. How-
ever, the distribution of the remaining half diverges substan-
tially from the temperate-only bags. Specifically, 8% are
found exclusively in the 1-inch size class, and 25% are
found in both the 1-inch and half-inch classes. A substantial
17% of taxa are observed only in the smallest half-inch size
class. This pattern, particularly the increased prevalence of
taxa solely in the half-inch class, becomes intriguing when
contrasted with the temperate-only charcoal where all the
taxa found in the half-inch class were also found in other
size classes. This pronounced prevalence of mixed temper-
ate and tropical taxa in the smallest size classes suggest that
these taxa might have been intentionally included as smaller
pieces in the charcoal blend to meet the claimed net weight
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Figure 5.—Breakdown of the taxonomic composition by size class (2-inch, 1-inch, and 1/2-inch) of exclusively temperate bags.
Taxa are sorted by proportion of 2" material, then by proportion of 1" material, then by proportion of 4" material. Taxa representing
less than 0.06% of the total charcoal weight are not shown (Tilia, Platanus, and Alnus).
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Figure 6.—Breakdown of the taxonomic composition by size class (2-inch, 1-inch, and 1/2-inch) of temperate + tropical hardwood
bags. Taxa are sorted by proportion of 2" material, then by proportion of 1" material, then by proportion of 3" material. Taxa repre-
senting less than 0.1% of the total charcoal weight are not shown (Xerospermum, Sapindaceae, Lonchocarpus, Fraxinus, Carya,

Magnolia, Liquidambar, Castanea, Diospyros, Celtis, and Acer).

and, as such, could represent a separately sourced charcoal
supply.

Tropical-only bags.—Fabaceae exhibited a consistent
presence across all size categories, though its relative abun-
dance varied (34%, 22%, and 40% for 2-inch, 1-inch, and
half-inch, respectively). Inga showed a decreasing trend
with decreasing fragment size (25%, 12%, and 13%), while
Aspidosperma demonstrated a contrasting pattern, with its
highest representation in the 1-inch category (44%). Neltuma
was more abundant in the smaller size categories (Fig. 7).
Approximately 70% of the sixteen taxa analyzed including the
unidentified fragments were present across all three size clas-
ses. The remaining 30% displayed a more limited size range,
with 12% found exclusively in the 1-inch size class. Another
6% were present in both the 1-inch and half-inch classes.
Finally, 12% were found solely in the half-inch size class.
This difference in taxonomic distribution by size class rein-
forces the possibility of intentional blending practices to meet
the claimed net weight.

Bag weight claims

An assessment of the charcoal bags revealed a substantial
discrepancy between the measured weight and the claimed
net weight declared on the packaging (Table 4). Forty-seven
percent of the bags (seven in total) were found to be under-
weight (# 1, 4, 5,9, 12, 14, and 15). The degree of under-
loading varied considerably, ranging from 0.1% to 12.5% of
the total claimed weight. Five of these bags (# 1, 5, 9, 14,
and 15) fell outside the acceptable range for weight variation as
defined by NIST Handbook 133, indicating a potential violation
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of fair trade practices. This discrepancy ranged from 1.35 (#1)
to 7.27 (#5) times the maximum allowable variation (MAV).

Lump size screening

While not an explicitly evaluable claim based on infor-
mation on packaging, we determined the mass of of char-
coal fragments in each of four size classes: fines (< 0.5
inches), half-inch, 1-inch, and 2-inch fragments, as defined
in the Materials and Methods. The weight of each size class
was measured, along with the total measured weight and the
claimed weight as stated on the bag. Figure 8 presents these
data, with bar length representing the total weight and black
circles indicating the claimed weight.

Lump size is a crucial factor for charcoal consumers as
it greatly influences burning characteristics, wherein
larger lumps typically burn hotter and longer, making
them ideal for grilling thicker cuts of meat or for recipes
requiring high heat (CEN EN 1860-2:2005 n.d.). Con-
versely, smaller pieces ignite more quickly and burn at a
lower temperature, making them suitable for faster cook-
ing or situations where lower heat is desired (CEN EN
1860-2:2005 n.d.). Therefore, the distribution of lump
sizes within a bag of charcoal can affect its overall perfor-
mance and suitability for different grilling needs, and
while not necessarily a common practice, larger pieces
can always be broken into smaller fragments by the user,
but smaller fragments cannot be formed by the user into
larger pieces.

As seen in Figure 8, some bags exhibit a relatively even
distribution across the size classes, while others show a
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Figure 7—Breakdown of the taxonomic composition by size class (2-inch, 1-inch, and 1/2-inch) of exclusively tropical bags. Taxa
are sorted by proportion of 2-inch material, then by proportion of 1-inch material, then by proportion of half-inch material.

higher proportion of fines or a dominance of larger lumps.
This heterogeneity may be attributed to several factors,
including the inherent mechanical strength of the charcoal,
which can vary dramatically between woody taxa; handling
and transportation methods, where rough practices can lead to
fragmentation and an increase in fines; intentional blending by
manufacturers to achieve desired burning characteristics or to
meet weight specifications; and, to some extent, our sifting
protocol that doubtless produced some shifts toward a larger
weight of fines and smaller particles.

Presence of extraneous material

A last factor we include is the determination of the mass
of extraneous materials—those either not combustible (rocks);
undersized for use in a charcoal grill (fines, or dust and those
pieces that passed through a half-inch mesh); or pieces of
charred material that are not botanically wood (e.g., bark)—in
their varying proportions across the bags (Fig. 9).

Bark was found in every bag (Fig. 9), constituting between
0.2% and 22% of the total weight. Notably, 10 bags exceeded
the MAV for bark content. Of these, three bags (#1, 2, and 7)
contained over 10 times the MAV for bark (Table 5), and only
five bags had a bark content less than 1 MAV.

Fines were also present in all bags, comprising between
2.7% and 18% of the total weight (Fig. 9). However, it is
important to consider that our sifting method may have
increased the proportion of fines compared to what a con-
sumer would typically find in a bag. To account for this
potential increase, we created a “Fines/(MAV*2)” index, which
generously assumes that our sifting process could have doubled
the weight of fines. Even with this charitable metric, 13 of the

FOREST PRODUCTS JOURNAL VOoL.75,No. 2

15 bags exceeded the doubled MAV for fines content
(Table 5), with bag #5 exceeding that value five-fold
(Table 5). Rocks, while less prevalent than fines, were detected
in six bags, comprising up to 1.3% of their weight, but none of
the bags exceeded the MAV for rocks (Table 5). When all extra-
neous materials were considered en masse as a single group, all
15 bags exceeded the MAV, ranging from ~1.56 times to
~16.52 times the MAV.

The discrepancy between the claimed net weight and the
actual weight of usable charcoal combined with the presence
of extraneous materials such as bark, fines, and rocks in lump
charcoal products raises concerns about the quality and value
of these charcoal products. Presence of these materials does
not contribute to the combustion process (at all in the case of
rocks, and not at the same temperature and rate for fines and
bark) and they reduce the relative proportion of usable
charcoal, potentially deceiving consumers who are essen-
tially paying for nonfunctional components. While the
inherent comparative fragility of charcoal can lead to frag-
mentation during handling and transport, explaining the
presence of some fines, it does not justify the inclusion of
bark and rocks.

Summary of fraud and misrepresentation in the
US lump charcoal market

Our snapshot-in-time data reveal inconsistencies in product
labeling and composition in the US lump charcoal market.
These discrepancies raise questions about the transparency and
reliability of information presented to consumers, potentially
impacting their purchasing decisions and grilling experience.
Figure 10 provides a visual summary of our findings, illustrating
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Figure 8.—Analysis of charcoal lump size distribution in 15 commercial bags. Each bar represents the total weight of the bag, bro-
ken down by size class: fines (<0.5 inches), 1/2-inch, 1-inch, and 2-inch, from bottom to top, respectively. Black circles indicate

the claimed weight on the packaging.

the accuracy of product claims across three critical categories:
taxonomic claim, origin claim, and weight (mass) claim. To
quantify these inconsistencies, we developed an ordinal discreti-
zation method, detailed in Table 2, where higher ranks indicate
greater deviations from the label claims.

Our findings suggest a relationship between charcoal
“source” and labeling accuracy. Bags containing exclusively

10

KG
v

temperate taxa (blue data points in Fig. 10) generally exhibit
greater accuracy in taxonomic and origin claims, although
weight discrepancies were still observed. Bags containing
exclusively tropical taxa (orange data points) were penalized
more for broad taxonomic claims than for mislabeling—their
product claims were so broad as to claim very little (e.g.,
“hardwood”). Conversely, products containing a mixture of

i
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Figure 9.—Analysis of the weight of charcoal and extraneous materials per bag. The figure shows the proportion of charcoal frag-
ments over Y inch (noted as usable), bark, fines, and rocks (from bottom to top, respectively) in each bag. The black circles repre-
sent the claimed weight, while the total bar length represents the measured weight. Percentages (numeric values reported in the
green bars) of usable charcoal fragments over Y4 inch are calculated based on the claimed weight.
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Figure 10.—Accuracy of product claims across three categories: taxonomic claim, origin claim, and mass claim. Blue data points
are bags containing exclusively temperate woody taxa, green data points are bags containing temperate and tropical mixed taxa,
and orange data points are bags containing exclusively tropical taxa.

temperate and tropical species (green data points) tended to
display the most problematic labeling practices, with a higher
frequency of inaccuracies regarding taxonomic, origin, and
weight claims.

These findings have important implications for consumer
value and market transparency. Inaccurate weight claims
directly impact the economic value consumers receive, as
underloaded bags fail to deliver the expected quantity of
product. Furthermore, discrepancies in taxa and origin
labeling not only mislead consumers regarding product
composition and sourcing but may also impact the grilling
experience. For instance, charcoal made from different
wood types burn at different temperatures, for different
durations, and are thought to impart distinct flavors to food.
The prevalence of vague labeling practices, such as the
generic term “hardwoods,” further exacerbates the issue by
precluding informed consumer choice based on specific
wood preferences or desired grilling outcomes. Overall,
these results align with concerns raised by a study in the
EU. (Haag et al. 2020) and within the broader US forest
products sector (Wiedenhoeft et al. 2019), confirming that
misrepresentation is a substantial concern within the context
of US lump charcoal. Our study cannot purport to address
how to ameliorate such misrepresentation in the market, but
awareness of the problem in the supply chain is a first nec-
essary step toward improved transparency and accuracy.

Conclusion
Our analysis reveals discrepancies between the claimed
taxa, origin, and weight of lump charcoal sold in the US
market and the actual composition of these products, which
corroborates previous findings of misrepresentation in the

FOREST PRODUCTS JOURNAL VOoL.75,No. 2

US forest products supply chain and the EU charcoal trade.
While this investigation provides a first snapshot-in-time for
lump charcoal in the US market, further research would be valu-
able to assess if currently available lump charcoal still evinces
such misrepresentations. Such research should ideally include
expanding the scope of analysis to other charcoal products, espe-
cially charcoal briquettes, and investigating more deeply the
complex issues surrounding charcoal production, consump-
tion, and trans-national supply chains.
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