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Fuelwood and charcoal are fundamental fuel sources for the residential sector inMexico. A Business-As-Usual (BAU)
projection by means of a spatially-explicit approach was developed to assess national fuelwood and charcoal
consumption for the period 2010 to 2030. Themodel was calibrated for 1990–2000 and 2010 projections were val-
idated against official census data for the same year. For 2010, we estimated that fuelwood and charcoal accounted
for 48% of total residential energy demand. The projection of fuelwood consumption declined slightly from 19.4Mt
(dry matter) or 310 PJ in 2010 to 18.4 Mt or 294 PJ by 2030. An important future growth of mixed fuelwood–LPG
users is expected pointing out that fuel stacking rather than fuel switching out of fuelwoodwould prevail. Charcoal
consumption increased from 3.8 Mt (dried wood equivalent) or 61 PJ to 4.7 Mt or 75 PJ during the same period. A
relevant outcome of the spatial assessment was the uncovering of large variations in fuelwood and charcoal use
trends among spatial units (municipalities), hidden by the national aggregated trends. This opens up the opportu-
nity to analyze regional variability to identify priority areas regarding fuelwood and charcoal use.

© 2013 International Energy Initiative. Published by Elsevier Inc. All rights reserved.

Introduction

Biomass energy provided about 10.2% (50.3 EJ) of the world total
primary energy supply in 2008 (Chum et al., 2011). Of these 50.3 EJ,
traditional use of fuelwood along with other biomass residues mainly
for cooking and heating in the poorer developing countries, contributed
30.7 EJ (Chum et al., 2011). If the informal economy sectors are includ-
ed, solids biofuels, particularly fuelwood and charcoal, may contribute
almost 14% of total primary energy supply globally and as much as
one-third in developing countries (FAO, 2011). Furthermore, some
2.7 billion people – about 40% of the world's population – depend on
biomass as their main source of energy supply. If current trends contin-
ue, thenumber of people relying on biomass tomeet part of their energy
needs, will reach 2.8 billion in 2030 (IEA, 2010). Socioeconomic scenar-
ios indicate that reliance on fuelwood to meet energy needs is expected
to continue for several decades (IEA, 2010).

Globally, there is a lack of detailed statistics on fuelwood and
charcoal consumption, their spatial distribution and future projections.
This is due to several factors such as the fact that a) a large proportion
of fuelwood is harvested and used in rural areas without entering the
formal markets and statistics, and, b) the commercial production of
fuelwood and charcoal in many countries is done illegally, making the

acquisition of reliable statics difficult (UNECE/FAO, 2012a). Some case
studies have shown an underestimation of fuelwood consumption at
national levels (Drigo, 2004, 2009; Drigo et al., 2007; Ghilardi et al.,
2007). Detailed knowledge of fuelwood and charcoal use-patterns is
challenging due to their dispersed nature (Arnold et al., 2003). Using ag-
gregated data usually hides the inherent variability associated to fuel-
wood and charcoal spatial patterns (Arnold et al., 2003, 2006; Foley,
1987; Leach and Mearns, 1988; Lele, 1993; Mahapatra and Mitchell,
1999; Masera, 1994; RWEDP, 1997, 2000). A reliable, spatially explicit
biomass fuels database is therefore a fundamental component for
policy-making effectiveness (UNECE/FAO, 2012b; Ghilardi et al., 2009).

In Mexico, despite sustained government efforts to encourage the
use of “modern” fuels in the residential sector, for example by subsidiz-
ing LPG, fuelwood still supplied 34% of the country's residential energy
use in 2009 according to official statistics (SENER, 2009) and charcoal
is still important as a complementary residential fuel. In Mexico, fuel-
wood is mostly used for cooking in traditional devices such as open
fires and such use is concentrated in rural and semi-urban areas (Díaz,
2000). Fuel stacking is also very common (Masera et al., 2000). On the
contrary, charcoal consumption is mostly located in urban localities.
However, little is known about the country patterns of fuelwood and
charcoal use and their future trends.

Deriving spatial estimates and future trends of fuelwood use is
relevant given its social, economic and environmental impacts. For
instance, indoor air pollution caused by the use of open fires inMexican
villages is several times higher than the level recommended by
the World Health Organization and causes severe health problems,
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particularly in women and children (Armendáriz et al., 2008; Romieu
et al., 2009).

A first approach to explore the spatial patterns of fuelwood use, the
Woodfuels Integrated Supply/Demand Overview Mapping (WISDOM)
methodology was developed by Masera et al. (2003, 2006). WISDOM
is defined as a “spatial-explicitmethod for highlighting anddetermining
priority areas of intervention and supporting wood energy/bioenergy
planning and policy formulation”. WISDOM integrates available data
on fuelwood and charcoal demand and supply into indicators that are
used to identify priority areas in terms of fuelwood demand trends,
and available resources. This method was conceived as a partnership
between the Wood Energy program of the FAO products forest service
(FOIP) and the Ecosystems Research Centre (CIECO) of the National
University of Mexico (UNAM). Currently more than 23 case studies
covering sub-national studies, countries and regions in Europe, Latin
America, Asia and Africa have been conducted (Drigo, 2009).

The aim of this study is to assess fuelwood and charcoal consump-
tion patterns in Mexico from 2010 to 2030 at the county (municipality)
level in a BAU scenario and based on theWISDOM approach in order to:
1) obtain more realistic estimates of the current total use of fuelwood
and charcoal in the country and project trends until 2030; and 2) exam-
ine regional differences, highlighting priority action areas regarding
fuelwood and charcoal consumption.

Methods

Estimation of fuelwood consumption

Total fuelwood annual consumption (CT)was estimated as theprod-
uct of per capita consumption (Cpc) and saturation (S) (percentage of
users) times total population, considering two types of users: exclusive
fuelwood users and mixed fuelwood–LPG users. The analysis was
done at the county (municipality) level, with a total of approximately
2500 units of analysis. Mathematically total fuelwood consumption
per county was calculated according to Eq. (1)

CTk ¼
X

CEk þ CMkð Þ ð1Þ

Where CTk is total fuelwood consumption in tonnes of dry matter per
year (tDM/year), CEk is fuelwood consumption per county attributable
to exclusive users and CMk is the fuelwood consumption per county
attributable to mixed fuel users.

As stated, CE and CM are calculated as follows:

CEk
¼ CpcEk � SEk � Pk ð2Þ

and

CMk
¼ CpcMk

� SMk
� Pk ð3Þ

where CpcEk and CpcMk are fuelwood annual consumption per capita for
exclusive and mixed use per county “k” respectively; SEk and SMk are
fuelwood saturation for exclusive andmixed use per county respective-
ly and Pk is total population per county.

Estimation of fuelwood use saturation
Fuelwood saturation for exclusive users was defined as the rate

between dwellings using fuelwood to cook over total dwellings per
county and it was obtained based on the National Bureau of Statistics
(INEGI) county census data. Data regarding population; average inhab-
itants per dwelling; and dwellings using one of the following fuels for
cooking: fuelwood, LPG, charcoal, electricity or oil for the years 1990
and 2000 were used to obtain number of exclusive fuelwood users.
Since Díaz (2000) found that between 90 and 100% of fuelwood resi-
dential use in México is for cooking, it is assumed that dwellings using
fuelwood for cooking is a good estimation of families using this fuel as
a residential fuel.

Fuelwood saturation formixed users (i.e. users of both fuelwood and
LPG) was estimated as a function of fuelwood saturation for exclusive
users per county. Based on case studies, Ghilardi et al. (2007) estimated
that mixed fuel users accounted on average for 25% of exclusive users.
Hence, we assumed that in addition to exclusive users, 25% of house-
holds in the county are mixed users. For counties where fuelwood satu-
ration for exclusive users was above or equal 75%, fuelwood saturation
for mixed users was estimated subtracting exclusive fuelwood users to
the total number of users in the county. For counties where fuelwood
saturation of exclusive users was less than 75%, fuelwood saturation
for mixed users represented an additional 25%.

Saturation for exclusive users is calculated as follows,

SEk ¼
UEk

Dk
ð4Þ

where SEk is the saturation of exclusive users per county, UEk is the num-
ber of exclusive fuelwood users, and Dk is the total population in the
county.

Estimation of fuelwood consumption per capita
Per capita fuelwood consumption, defined as the tonnes of dry mat-

ter (tDM) of fuelwood consumed per capita per year, was obtained for
different regions by means of an exhaustive literature review for
Mexico (Díaz, 2000; Masera et al., 1997; Puentes, 2002; Sánchez
Gonzales, 1993; Tovar, 2004). Following the approach outlined by
Ghilardi et al. (2007) average per capita consumption values for exclu-
sive fuelwood users were obtained for each of the 5 main ecological
areas in Mexico (Table 1) and then adjusted by minimum annual aver-
age temperatureswith values ranging between 1 (formild cold regions)
and 1.7 (for cold regions).

To estimate per capita fuelwood consumption for exclusive users per
county per year aweighted average value according to the proportion of
each main ecological area within each county was used. Hence, per
capita fuelwood consumption for exclusive userswas estimated accord-
ing to Eq. (5).

CpcEk ¼
X5
i¼1

Cpvi � Ai � FT

 !
k

ð5Þ

where CpcEk is the weighted annual per capita consumption for exclu-
sive users per county, Cpvi is the annual per capita consumption per
main ecological region i per county k, Ai is the proportion of the main
ecological area i in a county k, and FT is the adjustment factor per mini-
mum temperature per county k.

Table 1
Fuelwood per capita consumption for exclusive users per macro-ecological
region.

Ecological
macro-region

Fuelwood consumption
(tDM/cap/yr)

Tropical forest 0.73
Deciduous forest 0.91
Temperate 1.10
Semi-arid 0.55
Wetland 0.91
Others 0.55

Source: Adapted from Ghilardi et al. (2007).

Table 2
Evolution of fuelwood users and consumption 2010–2030.

Year Exclusive
users

Mixed
users

Total
users

Exclusive
use

Mixed
use

Total
use

(Million users) (MtDM/year)

2010 16.8 5.7 22.5 16.6 2.8 19.4
2020 16.0 6.3 22.3 15.8 3.1 18.9
2030 15.3 6.7 21.9 15.1 3.3 18.4
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