TECHNICAL NOTE

HOW MUCH RAINFOREST
IS IN THAT CHOCOLATE BAR?
NANCY HARRIS

SUMMARY
The purpose of this technical note is to outline the
methodology, data sources, and calculations used to
estimate the atmospheric greenhouse gas impacts
resulting specifically from deforestation activity
undertaken by United Cacao to establish its 2,000 ha
cacao production area near Iquitos, Peru. Using spatially
explicit data from Global Forest Watch and other
published data sources, we estimate that the land-use
change impact of chocolate sourced from this area ranges
from 1.1 to 8.5 g CO2 per gram of chocolate produced,
depending on the cacao content of the final product.

1. BACKGROUND
As awareness about climate change increases, both
consumers and investors are demanding that companies
provide more transparency and accountability for environmental impacts. In particular, companies are increasingly expected to measure and disclose their greenhouse
gas (GHG) emissions, including those from supply chain
activities. Until recently, companies have focused their
attention on direct emissions from their own operations.
But, increasingly, companies understand the need to
account also for GHG emissions along their value chains
and product portfolios to comprehensively identify and
manage GHG-related risks and opportunities.
For food, forest, and bioenergy companies, emissions
from land-use change can represent a substantial portion
of a product’s greenhouse gas impacts; yet, they can be
difficult to quantify because of limited data availability
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and methodological complexities (Plassman et al. 2010).
However, remote-sensing technology recently provided
evidence (Mongabay 2015) to allow for direct estimation
of carbon emissions from a particular case of land-use
change.
In 2015, United Cacao—a company that aims to produce
sustainable cacao (United Cacao 2015)—attracted public
attention for clearing 2,000 hectares of rainforest in the
Peruvian Amazon for a cacao plantation. Cacao is one
of the main ingredients in chocolate. Due to the highly
publicized and well-documented nature of this case, our
analysis focuses on United Cacao’s clearing activity to
estimate the land-use-change portion of the greenhouse
gas impacts of chocolate produced using beans grown in
the 2,000-hectare area.
Due to ever-growing global demand for chocolate
(Bloomberg 2013), cacao production has begun to grow
in South America (Confectionery News 2014). Peru, the
third largest cacao-producing country in South America,
has seen a particularly sharp rise in production—a nearly
five-fold increase between 1990 and 2013 (FAOSTAT). If
United Cacao’s activities are any indication of the effects
of Peru’s growing cacao industry and growing global
chocolate demand, quantifying the emissions from landuse change for cacao production is an important element
in assessing the lifecycle impact of chocolate production.

2. METHODOLOGY
The Greenhouse Gas Protocol’s Product Life Cycle
Accounting and Reporting Standard (WRI and WBCSD
2011) was used to estimate land-use change emissions that
are attributable to United Cacao’s operations near Iquitos,
Peru (3.7500° S, 73.2500° W). The analysis did not
involve a full lifecycle assessment of United’s activities,
but instead focused on those emissions resulting directly
from land-use change to establish new areas for cacao
production.
The GHG Protocol's Product Life Cycle Accounting and
Reporting Standard includes methods to calculate landuse change impacts for two situations: when the specific
land from which the product or product component
originates is known, and when it is not known. When
land-use change impacts are attributable, companies shall
include these in the assessment boundary and disclose the
calculation method in the inventory report.
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2.1 Determining Attributable
Land-Use Change Impacts
Land-use impacts are attributable to a product if the following are true (WRI and WBCSD 2011):

▪▪
▪▪
▪▪

The carbon stock change was the direct result of extraction or production of biogenic material to create a
product;
The carbon stock change was caused by human intervention with the intent of creating a product; or
The carbon stock change occurred within the assessment period—20 years or a single harvest period from
the extraction (for example, harvesting) of a biogenic
product or product component, whichever timeframe
is longer.

2.2 Calculating Land-Use Change Impacts
In January 2015, the Global Forest Reporting Network, a
partnership between Mongabay and Global Forest Watch,
reported that United Cacao cleared roughly 2,000 hectares
of primary rainforest for its plantation outside the remote
city of Iquitos. Although Iquitos is inaccessible by road,
Matt Finer, a research specialist with the Amazon Conservation Association, and his team were able to chronicle the
activity using Landsat imagery and provide data for the
Global Forest Reporting Network’s story (Figure 1).
Once the location of land-use change is known, carbon
stock information before and after the change can be
used to estimate land-use change impacts. Greg Asner,
an ecologist at Stanford University’s Carnegie Institution
for Science, analyzed the carbon content of forests across
Peru using airborne LiDAR (Asner et al. 2014) and found
that there was, on average, more than 122 metric tons (t)
of carbon stored per hectare in the tree biomass that was
cleared by United Cacao (Figure 2).
Estimates of average carbon stocks in cacao plantations
vary. We use an estimate of 40t of carbon stored per
hectare (Kumar and Nair, 2011) following Somaribba et
al.’s (2013) evaluation of systems with similar climate
conditions and similar planting densities to those planned
by United Cacao. We limit our analysis to carbon stock
changes in the aboveground biomass pool only.
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Deforestation for United Cacao Plantation near Iquitos, Peru
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Landsat imagery shows the deforestation that occurred on the United Cacao plantation near Iquitos, Peru from December 2012 to April 2014.
Source: Matt Finer, Amazon Conservation Association; Sidney Novoa, Asociación para la Conservación de la Cuenca Amazónica; Clinton Jenkins, Instituto de Pesquisas Ecológicas.
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Mean Aboveground Carbon Density in United Cacao Plantation Area
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Figure 2. High-resolution (1 ha) forest carbon stock map showing the distribution of forest carbon stocks across Peru. The right side of the figure depicts the boundary of the United Cacao
plantation and 2013 tree cover loss data from the University of Maryland and Google as seen on Global Forest Watch.

Greenhouse gas impacts per hectare of land-use change
were calculated as the difference in average aboveground
carbon stocks before and after clearing (122 – 40 = 82 t
C ha-1). Overall carbon impacts were calculated by multiplying per-hectare estimates by the total area of clearing
(2,000 ha). Carbon was converted to CO2 equivalents
(CO2e) using a conversion factor of 3.67.

2.3 Distributing Land-Use Change Impacts
Once land-use change impacts are deemed attributable
and impacts are identified, these impacts must be distributed because, in most cases, land-use change occurs on
land that produces products over many years. Therefore it
is not appropriate to apply all the land-use change impacts
to the first harvest of products generated within the area.
Following the WRI/WBCSD Standard, we distributed
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land-use change impacts evenly over an amortization
period of 20 years.

2.4 Calculating Land-Use Change Impacts of
Chocolate Sourced with United Cacao Beans
Cacao beans are just one ingredient in chocolate, so the
land-use impacts per quantity of chocolate produced
will depend on what percentage of the overall product is
made up of cacao beans. One pound of cacao beans yields
approximately 0.7 pounds of cocoa nibs (Tejas Chocolate
2013), with the balance lost through sorting, moisture loss
during roasting, removing the shell, and losing some cocoa
nib during winnowing. Cocoa nibs are then combined with
other ingredients (mainly sugar and milk) to produce a
final product. The percentage number on a bar’s wrapper
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represents the weight of the bar that actually comes from
the cacao bean.

3.2 Land-Use Change Impacts are
Equivalent to Driving 1.5 Billion Miles

The percentage of cacao in different brands of chocolate
varies widely, with 10 percent as the minimum required
by the U.S. Food and Drug Administration (2014) if the
product is to be labeled “chocolate.” Hershey’s milk chocolate contains about 11 percent cacao. In contrast, a dark
chocolate bar will contain anywhere from 65 percent to 85
percent cacao.

We arrived at this estimate by doing a few mathematical
conversions (Figure 3):

Rather than quantify land-use change impacts according
to the quantity of cacao beans produced by United Cacao,
our methodology goes a step further to approximate
land-use change impacts per quantity of chocolate produced using United Cacao’s beans. We do this to create an
impact metric that may resonate more strongly with the
average consumer.

STEP 3. Multiply by the total number of hectares cleared
(301 t CO2 ha-1 x 2,000 ha = 602,000 t CO2).

STEP 1. Calculate the difference in average carbon stocks
before and after clearing (122 – 40 = 82 t C ha-1).
Step 2. Convert carbon to carbon dioxide equivalents (82 t
C ha-1 = 301 t CO2 ha-1)

STEP 4. Estimate the carbon dioxide emissions from
driving a mile in an average American passenger car (411 g
CO2 emitted per mile driven) (U.S. EPA 2014).
STEP 5. Equate land-use change emissions to an equivalent
number of miles driven (602,000 t CO2 = 1.46 billion miles)

3. RESULTS

3.3 Distribution of Land-Use Change Impacts
Across United Cacao’s Production Cycle

3.1 Land-Use Change Impacts are
Fully Attributable to United Cacao

Using United Cacao’s own yield projections (United
Cacao) (Figure 4), we estimate that, over the next 20
years, United Cacao will produce approximately 42,850 kg
of cacao beans per hectare. Across a planting area of 2,000
hectares, this translates into more than 85,000 t of cacao
beans. United Cacao’s estimate of expected yields per

In the case of United Cacao, the carbon stock change was
caused by human intervention with the intent of creating
a product (cacao) and is therefore fully attributable to
United Cacao. The specific land from which the product
originates is known.

Figure 3 |

Land-Use Change Emissions in Miles Driven
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Net carbon emissions from deforestation over the lifetime of United Cacao’s 2,000 hectare plantation translated into miles driven by one passenger car. Using United Cacao’s own yield
projections (United Cacao) (Figure 4), we estimate that, over the next 20 years, United Cacao will produce approximately 42,850 kg of cacao beans per hectare. Across a planting area of 2,000
hectares, this translates into more than 85,000t of cacao beans. United Cacao’s estimate of expected yields per hectare is substantially higher than average cocoa yields in Peru, which range
between 800 and 2,500 kg per ha (USDA, 2014).
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Cacao Yield Projections for United Cacao’s Operations
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Source: United Cacao Corporate Profile (http://www.unitedcacao.com/index.php/en/corporate-profile-eng/cacao-cultivation).

hectare is substantially higher than average cocoa yields
in Peru, which range between 800 and 2,500 kg per ha
(USDA, 2014).

3.4 Land-Use Impacts Double Chocolate’s
Carbon Footprint
As estimated in Section 3.2, clearing one hectare of
forestland resulted in carbon emissions of 301 t CO2, and
that same hectare is projected to produce almost 43t of
cacao beans over a 20-year production cycle. These beans
could then be used to make 35 t to 273 t of chocolate,
depending on the quantity of cocoa nibs used in the final
product (we used 11 percent and 85 percent for the range
given above).
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Distributing the greenhouse gas impacts of land-use
change (301 t CO2 ha-1) over this production quantity
(35 to 273 tons chocolate) results in a land-use change
emission impact of 1.1 to 8.52 g CO2 per gram of chocolate
produced using United Cacao’s beans.
If we assume that Cadbury’s estimate of 3.45 g CO2
per g of chocolate (Food Manufacture 2008) for other
components of the production cycle is representative of
the industry, then land-use change impacts associated
with a 35 percent cacao chocolate bar produced with
United Cacao’s beans would result in a doubled carbon
footprint of 7 g CO2 per gram of chocolate. A 66 percent
cacao chocolate bar produced with United Cacao’s beans
would have a tripled carbon footprint of 10 g CO2 per gram
of chocolate (Figure 4).
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Distribution of Land-Use Change Impacts Across United Cacao’s Production Cycle
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