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Carbon Footprint Calculation for Gayo Arabica
Coffee Primer Processing
Rahmat Pramulya, Tajuddin Bantacut, Erliza Noor, Mohamad Yani
Abstract— The carbon footprint of coffee production has links to the issue of climate change. Greenhouse gas emissions as a result of the activities of
the coffee production system unit are calculated based on the amount of CO 2, N20, and CH4 compounds. Sources of emissions come from fossil fuels,
electricity, decomposition of organic matter in liquid waste and pulp, and burning of parchment skins. The purpose of the paper or research objective is
to identify the footprint of carbon emissions in each unit of the semi-wet primary coffee processing system in order to determine the hot spots that will be
the focus of efforts for sustainable improvement. System limits are “gate to gate” with pulping, collector, hulling, and cooperative system units. Based on
the identification results, the highest to lowest carbon footprint footprints for each system unit are pulping, cooperative, collector, and hulling with carbon
equivalent emission values in a row of 0.214 kg CO2-e/kg green bean (62.87%), 0.1 kg CO2-e/kg green bean (29.27%), 0.019 kg CO2-e/kg green bean
(5.47%), and 0.008 kg CO2-e/kg green bean (2.39%). The high carbon emission in the pulping system unit is due to the presence of waste produced in
the form of naturally decomposed liquid waste with a carbon emission value of 0.125 kg CO2-e/kg green bean. Therefore, the hot spots in this
identification is the use of water in the pulping system unit. For continuous improvement, it is necessary to minimize the use of water in the pulping
system unit.
Index Terms— carbon footprint, coffee production, semi wet primer processing, gate to gate

——————————  ——————————

1 INTRODUCTION
The life cycle study of the coffee production chain evaluates
the environmental impacts caused by primary agricultural and
processing activities. The use of chemicals in the form of
fertilizers and pest and disease control as inputs in the farm
produces indirect and direct emissions. In primary treatment,
liquid and solid waste that is mishandled (through
combustion and decomposition of organic matter) cause
emissions of methane gas and carbon monoxide. Food and
agriculture carbon footprints are related to climate change *1+.
Agricultural production activities to meet food have
contributed to greenhouse gas (GHG) emissions *2+. GHG
sources from carbon dioxide (CO2) and other than CO2 (for
example, methane (CH4) and nitrogen dioxide (N2O) derived
from plant respiration, decomposition of dead plant biomass,
and soil organic matter, and combustion processes. CO 2
emissions also come from land use by humans (eg,
management of agricultural land, forest, savanna land, and
coastal wetlands) and land use/land cover change (eg,
conversion of forest land and savanna land to agriculture).
Emission sources other than CO2 (eg, methane from livestock
and paddy fields, nitrogen dioxide from manure and
agricultural land stock, and biomass burning.
The calculation of the carbon footprint of coffee production is
part of the life cycle analysis (3), which aims to understand the
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environmental impacts that occur along the production chain
and provide a solution to its mitigation. Besides, it seeks to
determine the amount of environmental impact (equivalent to
CO2 emissions) on products or formulate optimization of the
production process *4+
A carbon footprint study was carried out to analyze the carbon
footprint in the Gayo Arabica Coffee production system using
a GHG calculation model *3+. In addition to identifying GHG
"hot spots" to determine climate change mitigation efforts in
the coffee production sector and at the same time, evaluate
their impact on the overall production system. Therefore the
range of carbon footprint studies is carried out on the activities
of farmers, collectors, huller owners, and cooperatives.
RESEARCH METHODOLOGY
Arabica coffee cultivation (Coffea arabica) in the Gayo Plateau
uses a coffee agroforestry model [5]. Coffee agroforestry
includes land-use systems where coffee plants and other
plants grow. Plant interactions have a combination of
biological, ecological, cultural, agronomic, and social factors
[6]. The types of plants in the farm and supporting coffee
agroforestry have economic value and provide environmental
services [7]. Common types of plants grown with Arabica
coffee are lamtoro (Leucaena glauca), Gayo Keprok orange
(Citrus reticulata), Sengon (Albizia Chinensis) and Gamal
(Gliricidia sepium). Lamtoro and Gamal function as permanent
shade plants, and Gayo Keprok orange and Sengon function
as “economic value” plants [8]. A carbon footprint study of
Gayo Arabica coffee production was carried out on
agricultural activities in the farm, and primary processing
carried out by farmers, collectors, huller owners and
cooperative in 2016 (in Fig 1).
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parchment skin (endocarp), silver skin (or husk), and seeds in
the form of ellipses or green coffee beans (green bean ).

Coffee cherry
100%
PULPING

The primary processing refers to the method used to convert
coffee fruits into green beans that are ready for roasting and
then mashed to be brewed for consumption. There are three
known primary treatment methods, namely dry, wet, and
semi-wet processing. A carbon footprint study was conducted
on the semi-wet processing method.

Pulp
59%

Washed parchment coffee
41%
HULLING

Green bean production from coffee fruit components (wet
processing) can be seen in Figure 1. Pulping. The semi-wet
pulping process is the same as the wet processing. The
pulping process is carried out by the farmer and the labu
coffee (washed parchment coffee) produced will be sold to the
collector and the collector will be sold back to the Cooperative.

Parchment
5%

Drying Stage 1. The drying process is carried out to reduce
the water content of labu coffee from 36% to ± 25%. The mass
balance in the drying process is indicated that in 1 kg of coffee
fruit or 0.6 kg of labu coffee will produce 0.33 kg of dry labu
coffee (33%) and 0.07 kg of water vapor (11%). Stage 1 drying
is carried out by the cooperative.

Wet coffee
36%
DRYING

Steam
11%

Hulling. Semi-wet processing hulling process is the same as
wet processing. The difference in mass balance where in semiwet processing is indicated that in 1 kg of coffee fruit or 0.33
kg of dry labu coffee with a moisture content of ± 27% will
produce 0.28 kg of grain coffee (28%) with a moisture content
of ± 27% and 0,05 kg parchment skin (5%) with a moisture
content of ± 27%. Another difference is that the hulling process
is carried out by the cooperative.

Dried coffee
25%
DRYING
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Steam
2%

Green bean
23.125%
Fig 1. System boundaries in carbon study studies
Material change activities throughout the production system
produce intermediate products (washed parchment coffee, wet
coffee, and dried coffee), waste (parchment and pulp) and
water vapor, and green beans. Data collection is carried out at
the cooperative production chain, which has members from
farmers, collectors, and huller owners. Primary data collection
comes from all actors related to primary processing and
transportation. Secondary data comes from the kind relating
to the purchase of raw materials and electricity needs.
Cherry Coffee (coffee fruit) comes from an area of 4,272 ha.
The primary processing of coffee fruit aims to separate the
beans from the components of the coffee fruit and ensure the
excellent quality of the final product. Techniques must be
adequate to protect coffee from undesirable characteristics
during the processing (Ferrão, 2009). Coffee fruit has five
protective layers that need to be removed to produce coffee
beans. From the outside in, the coffee fruit is composed by
skin (epicarp or exocarp), pulp (mesocarp), parchment or

Drying Stage 2. The drying process is carried out to reduce
the water content of grain coffee from ± 27% to ± 16%. The
mass balance in the drying process is indicated that in 1 kg of
coffee fruit or 0.28 kg of grain coffee will produce 0.23 kg of
green bean (23%) and 0.05 kg of water vapor (5%). Phase 2
drying process is carried out by the cooperative.
Calculation of carbon footprint.
The calculation begins to determine the number of coffee
beans, intermediate products, and coffee beans in each
primary processing to get a reference so that emissions in each
process are distinguished according to the specific source of
emissions*9+.
Calculation of emissions from each source explains that each
activity (for example the amount of fuel) will be multiplied by
the related specific emission factors so that the equation
becomes:
CO2 emissions = source of emissions or activity data x emission
factors
(1)
Equation (1) for calculating emissions from consumption of
fossil fuels for machinery and transportation and electricity
usage
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Carbon emissions from methane (CH4) from the
decomposition of organic matter wastewater are calculated
based on the equation of the IPCC waste section as follows:

RESULTS AND DISCUSSION

Total
organic
material
that
can decompose
in wastewater

=

Emission factor

=

Clean methane
emissions

=

CO2e

=

Sources of GHG emissions differ in each coffee production
activity *9+. Besides, primary treatment methods lead to
different environmental impacts *10+. Emission sources come
from farmers, collectors, huller owners, and cooperatives.
Emissions of fossil fuels come from the use of transportation
along the production chain, lawnmowers, and hullers. Indirect
emissions from the use of electricity for operational and
administrative activities in cooperatives and water pumping
plants. Direct emissions from the decomposition of organic
wastewater and pulp from primary processing activities in the
garden. Parchment burning combustion emissions occur in
huller owners and cooperatives.

Total industrial products x waste
water released x COD (Chemical
Oxygen Demand)
Maximum methane production
capacity x methane correction
factor for handling
(Total organic matter that can
decompose in wastewater discarded sludge) x emission
factors)) - recovered CH4
Clean methane emissions x (44/16)

(2)

(3)

(4)
(5)

Where number 44 is the molecular weight of CO2 and number
16 is the molecular weight of CH4
Emissions due to biomass burning are calculated based on
equation (6) of the IPCC energy portion. GHG emissions (CO 2,
CH4, and N2O) and the magnitude of each emission from
biomass combustion are calculated based on equation 7. The
emissions of each gas are multiplied by the potential for global
warming (Global Warming Potential = GWP) to convert CH4
and N2O emissions to equivalent CO2 values.
Then
calculation results are accumulated in total as a value of CO2
emissions from biomass burning.

Emission Sources

The study of carbon footprints at locations and products
analyzes direct and indirect carbon emissions based on the
level of control. Some of these are direct emissions from
sources of emissions in a controlled location (scope 1), indirect
emissions from power generation facilities or off-site
generating fuel (scope 2) and indirect emissions that occur at
the site but cannot control (scope 3) *11+.
Table 1 Direct emissions of fossil fuels
Scope 1 Emission
Fuel

Activity

Type Data

Consumption (TJ)

CO2 Emission

CH4 Emission

=

=

=

N2O Emission

=

CO2e

=

Consumption (mass unit,
volume
or energy) x
conversion factor (TJ/unit)
Consumption
(TJ)
x
emission factor (kg CO2/TJ)x
efficiency factor (0.98)
Consumption
(TJ)
x
emission factor (kg CO2/TJ)x
efficiency factor (0.98)
Consumption
(TJ)
x
emission factor (kg CO2/TJ)x
efficiency factor (0.98)
CO2 Emission x 1(GWP) +
CH4 Emission x 25 (GWP) +
N2O Emission x 298 (GWP)

Transportation from

(6)

Transportation from
collector to huller
Transportation from
Direct
Emission

huller to collector

Petrol

8,045 L

Diesel

7,460 L

Diesel

Distance

Type (km)

6,528 L

Emission Factors kg CO₂

75 2.1515
940.95 2.6485
940.95 2.6485

Transportation from
collector to

Diesel

9,942 L

1919.35 2.6485

cooperative
Pulper machine

(7)

Huller machine

Diesel 14,693,268 kg
Diesel

5,877,307 kg

Total Emission
Where

0.0029
0.0020

kg CO₂ₑ/
L petrol
kg CO₂ₑ/
L diesel
kg CO₂ₑ/
L diesel
kg CO₂ₑ/
L diesel
kg CO₂ₑ/
kg CC
kg CO₂ₑ/
kg WPC

tCO₂ₑ

kg CO₂ₑ/kg
green bean

17,308

17

0.005

19,758

20

0.006

17,289

17

0.005

26,331

26

0.008

42,137

42

0.012

11,492

11

0.003

134

CC: Coffee cherry
WPC: Washed parchment coffee

(8)

Stage 3: Calculation of the overall carbon footprint
All emissions in each process are calculated and standardized
in kg CO2e. Total amount of coffee beans produced or
processed is a representation of the distribution of emissions.
The result is the carbon footprint shown in kg CO2e kg-1
green coffee 9).
Carbon footprint = emission/green coffee
kg CO2 kg-1 green coffee = emisission kg CO2/green
coffee produced or processed

farmers to collector

Unit

(9)

In the study of carbon footprints of Arabica coffee in the Gayo
Plateau, the largest to the smallest direct and indirect emission
sources came from electricity (530 tCO2-e), decomposition
(477 tCO2-e), use of fuel (134 tCO2-e) and burning biomass (15
tCO2-e).
Direct emissions from the use of fossil fuels for transportation
vehicles and machinery, indirect emissions from electricity
consumption and indirect emissions from the decomposition
of solid and liquid waste, and biomass burning. Direct
emissions from the use of fossil fuels for fossil fuels (in full in
Table 1) with the highest carbon emissions are generated by
transportation from moving coffee beans. It produces 60%
carbon emissions from total direct emissions. Another source
of emissions is in pulper machine require diesel. Studies in the
USA mention the amount of food transportation emissions are
smaller than the emissions that occur in primary processing
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Table 3. Indirect emissions of electricity usage

The use of fuel in every kilogram of Arabica coffee beans in
the Gayo Plateau (0.039 kg CO2-e) produces the lowest carbon
emissions than in Tolima, Colombia *13+ of 0.43 - 0.75kg kg
CO2-e (fuel for engines and vehicles) and Costa Rica *9+ of
0.076 kg CO2-e (diesel and gas fuel).

Scope 3 Emission
Activity Data
Elecricity for

Emission

Type

29,386,535 L

water pump

Direct

Unit

Emission Factors
0.0065

Electricity for all
activities at

390,825 kWh 0.8670

cooperative

kg CO₂

kg CO₂ₑ/ L
water
kg CO₂ₑ/
kWh

tCO₂ₑ

191,086

191

0.056

338,846

339

0.100

Total Emission

Liquid and solid wastes produced in the pulping process
decompose and produce methane and nitrogen dioxide GHGs
(More in Table 2). The carbon footprint calculation estimates
that the biggest carbon emission (89%) comes from coffee
liquid waste. The value of BOD and Nitrogen as a parameter
of the process of decomposition of organic matter is a
determinant of the number of carbon emissions *14+.
Another source of carbon emissions (11%) comes from the
process of decomposition of pulp that occurs in the field
following the composting process where the remaining skin
and pulp of fruit from the pulping process are stored in holes
and then piled up. Then, in the harvest preparation season the
following year, organic material that resembles compost is
removed and farmers use it as organic fertilizer.
Carbon emissions from the decomposition of wastewater and
pulp in every kilo gram of green bean coffee beans in the
Arabica coffee production system in the Gayo Highlands (0.14
kg CO2-e) are lower than those in Costa Rica *9+ of 0.374 kg
CO2-e. The difference is likely due to the estimated BOD value
and Nitrogen content in the Costa Rica coffee production
system.
Table 2. Indirect decomposition emissions
Scope 2 Emission
Activity
Data
Decomposition
of organic

Unit Total BOD and N
Type in Wastewater

GWP

kg CO₂

kg CO₂ₑ/
BOD 0.0043 kg/L CH₄ 0.030
CH₄ 25
kg CH₄

94,918

94.92

kg CO₂ₑ/
N₂O 298 330,145
kg N₂O

330.15

29,500,407 L
matter in
Direct
N
wastewater
Emission
Decomposition
of organic
8,702,089 kg
matter in pulp
Total Emission
Where
BOD: Biologycal Oxygen Demand
N: Nitrogen

Emission Factors

0.0001 kg/L N₂O 0.251

kg CO₂ₑ/
0.006
kg pulp

52,213

tCO₂ₑ tCO₂ₑ

52

kg CO₂ₑ/kg
green bean

425

0.125

52

0.015

477

Calculation of a balanced carbon footprint between the use of
electricity to drive a pump engine and operational activities office administration in a cooperative (more complete in Table
3). The amount of water use that is inefficient and the pulping
process that still uses a pulper machine that is not technically
economically feasible has an impact on electricity usage.
Carbon emissions from electricity usage in every kilo gram of
green bean coffee beans in the Arabica coffee production
system in the Gayo Highlands (0.156 kg CO2-e) are lower than
in Tolima, Colombia *13+ of 2.77 - 49.04 kg kg CO2-e and Costa
Rica *9+ of 0.02 kg CO2-e. The difference in carbon emissions
from electricity use is likely due to mixed energy sources
where Indonesia still uses diesel fuel and coal as electricity
generation.

kg CO₂ₑ/kg
green bean

530

The carbon footprint resulting from the burning of the
parchment skin (complete calculations in Table 4) is 15 tCO-e.
Carbon emissions from biomass burning in every kilogram of
green bean coffee beans in Arabica coffee production systems
in the Gayo Highlands (0.005 kg CO2-e) are higher than Costa
Rica *9+ of 0.001 kg CO2-e.
Table 4. Indirect emissions of biomass burning
Scope 4 Emission
Heat
Activity Content
Data (kg) (mmBtu
per short
Direct
Emission

Burning of
organic
matter in
Total Emission

734,663

10

Conversion
Consump
Efficiency Emission
Factors
GWP
(kg CO₂)
tion (TJ)
factor
(kg/TJ)
CO₂
8 CH₄
N₂O

kg CO₂ tCO₂ tCO₂ₑ

100 0.98
30 0.98

CO₂ 748 CO₂ 1
CH₄ 227 CH₄ 25

748
5,672

1
6

4

N₂O 30 N₂O 298

8,874

9

0.98

15

kg CO₂ₑ/kg
green bean

0.005

15

The amount of emissions in each activity.
The carbon footprint of the coffee production system differs
between cultivation using chemical fertilizers, compost,
manure, and organic fertilizer [3]. Calculations of the overall
carbon footprint of the coffee production system with limits
from the plantation to the processing stage show carbon
emissions of one kilogram of Arabica coffee beans (green
bean) in the Gayo Plateau lower (in Table 5) compared to
carbon emissions of coffee produced in Costa Rica of 1.93 kg
CO2-e [9], Mesoamerica at 6.2 - 10.8 kg CO2-e [15] and Kenya
at 4 kg CO2-e [16].
The difference with Costa Rica lies in the use of chemical
fertilizers even though the production system on the land
applies agroforestry. Besides the use of other chemicals such
as pesticides and herbicides. The difference with Mesoamerica
also lies in the use of chemical fertilizers. Although using
manure and compost, the production system in Kenya still
uses chemicals, namely urea fertilizer, for application in the
field.
The difference in the amount of carbon emissions in
agricultural production systems can be derived from the
carbon footprint calculation method. Calculation of carbon
footprint between Arabica coffee in the Gayo Highlands and
Costa Rica does not differ because it uses the same emission
factors and conversion factors for fossil fuel emission sources
and biomass burning. The difference lies in the value of the
conversion factor for electricity usage in Indonesia and the
estimated BOD value and nitrogen content in wastewater.
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Table 5. Carbon Footprint of Four Stages of Coffee Production
CO₂ₑ Emissio
Aktiftas
(kg CO₂ₑ / kg green bean)
%
Furmer
0.214
62.87
Collector
0.019
5.47
Huller
0.008
2.39
Cooperative
0.100
29.27
Total
0.341
100

Calculation of the carbon footprint of Arabica coffee
production systems in the Highlands succeeded in
determining the hot spot of the biggest carbon emission spots
in the cultivation activity (the farm stage). The process of
decomposition of liquid waste accounts for 65 percent of the
total carbon emissions of each green bean coffee bean.
However, when compared with Arabica coffee beans from
Costa Rica, Mesoamerica and Kenya, the carbon footprint of
Arabica coffee in the Gayo Highlands is lower. Differences in
the use of emission factors and conversion factors in the
calculations cause the amount of carbon emissions in the
whole coffee production system to differ from one study to
another.
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