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GeCO2 Carbon Calculation System
1. Introduction
GECO2 Carbon calculation system consists in a set of tools made in order to support the calculation of
carbon stocks (credits) and emissions (debts or carbon footprint).
Protocol explains the principles on which carbon farm balance (limited to the project selected fields),
carbon credits and carbon debts (carbon footprint for credit buyers) are estimated.
This protocol is one of the 3 GECO2 project operational documents:
a. Farm cultivation;
b. Calculation system;
c. Market (including farms contract and plan).
GECO2 carbon calculation system has been set up with reference to three different goals:
a.

definition of carbon experimental field(s) budget chosen by the farmers;

b.
estimation of seller’s carbon balance (including farmer’s field emissions and removals) based on
presumptive impact of the project selected practices. The calculation will take into account specific
buffers in order to reduce errors and uncertainties.
c.
evaluation of the amount of carbon credits produced per each field (and per each farm),
deriving from the application of GECO2 agricultural carbon sinking practices;
d.
estimation of buyer’s carbon footprint in order to offset a selected part of his
organization/activity. The carbon offsetting can be defined by the buyer according to a single product or
service, to a production line or the entire company. Carbon emissions are offset by purchasing carbon
credits.
Carbon calculation scheme takes into account objectives, available resources and limits of GECO2
Project.
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The concept of additionality1 is used within the time limits of the project2, the duration of the project
and the subsequent implementation of the carbon local market. Additionality principle is based on the
presumption and on the application of a forecasting model of carbon stock. This approach overcomes
the time limits and it is in line with GECO2 main objective, i.e. the experimentation of a voluntary
market in the agricultural system.
In order to properly apply the calculation principles and to develop speed and ease calculation
procedures for all the involved actors, GECO2 has developed an ad hoc informatic on-line tool, a carbon
calculator. This tool has been prepared in two different versions: the first for farmers (CAFÉ, CArbon
Fixing Elaborator), in order to calculate both, their CO2e sequestration potential balance and the
number of credits produced; the second (COFFEE, Carbon Offsetting Emissions Elaborator), for credits
buyers, with the aim to estimate quantity of CO2e debts to be offset3.

1

Additionality is an essential criterion for credits in all standards and schemes, with the follow definition: A credit is
considered additional if the emissions reduction that underpins the credit would not have occurred in the absence of
the activity that generates the credit.
2

World Bank. 2016. “Carbon Credits and Additionality: Past, Present, and Future.” PMR Technical Note 13.
Partnership for Market Readiness, World Bank, Washington, DC. License: Creative Commons Attribution CC BY 3.0
IGO. Available at:
https://openknowledge.worldbank.org/bitstream/handle/10986/24295/K8835.pdf?sequence=2%26isAllowed=y
3

Carbon market instruments fall essentially into two categories: cap-and-trade (C-T) and baseline-and- credit (B-C)
instruments. Under the former, units are issued to installations or entities included under the cap by an administrator,
and entities are meant to surrender a specified quantity of units to offset/ compensate their emissions. Units
represent therefore an “allowance” to emit that is usually denominated in metric tons of CO2e. In a B-C scheme, units
are earned from a calculation of the difference of emissions between a baseline scenario (that is, that which would
have occurred in the absence of the scheme itself) and the actual prevailing (or “project”) scenario. If that calculation
yields a reduction between baseline scenario emissions and project emissions, these emission reductions accrue to
the entity responsible for the action. They represent therefore a “credit.”
It is important to understand that “offset” refers to a particular use of either “allowances” or “credits.” If an allowance is
used to offset emissions elsewhere in a cap-and-trade scheme, it becomes effectively an “offset.” If a “credit” coming
from a B-C scheme is used to demonstrate achievement of emission reductions under a payment-for-results scheme,
emissions credited may indeed end up failing to offset any emission increase elsewhere. Instead, most professionals
tend refer to “offsets,” which are effectively the products of baseline-and-credit schemes.
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2.

Project principles included in the calculation system

Principles adopted for the calculation system imply a set of assumptions.
These assumptions, in line with objectives and time limits of the project, were built on scientific
guidelines and literature.
Literature data, previously developed, are used in order to overpass the time and budget limits of the
project.
The principal goal is to set up and test an agriculture-based carbon market in a limited time.
In this experimental market frame, GECO2 has created a simple tool to calculate the carbon uptake due
to agricultural practices and the carbon emission due to production emitting subjects (which have not
already calculated their carbon footprint).
For the purpose of the project, carbon uptake in soil and biomass is transformed into carbon dioxide
equivalent, and this into carbon credit/offset.
The principles on which GECO2 schemes are based on the main international offset’s standards.
Geco2 standard comprehends the following characteristics4:
a.

Additionality.
Carbon reduction would not have happened without the offset.

b.

Permanence.
Reduction will continue for the entire certification period of the offset.

c.

4

Absence of Leakage.

Richard Kim and Benjamin C Pierce, 2018. Carbon Offsets, An Overview for Scientific Societies, UPenn CIS, June

24, https://www.cis.upenn.edu/~bcpierce/papers/carbon-offsets.pdf
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Implementing an offset policy in one place must not lead to a relocation of those emissions in
another place (e.g., wood is protected in one location, and lumber companies cut a forest down
elsewhere).
d.

Verification.
The above characteristics will be verified by Geco2 Project Management.

Furthermore, the GECO2 calculation mechanisms are based on the following construction principles:
●

Conservation and prudence.
The data used for the calculation are based on the minimum values of carbon storage. A buffer is
used in order to reduce the error. The criterion of prudence is expressed in the carbon stocks and
sinks chosen calculation methods and through the definition of buffers in calculating credits from
agricultural systems. Conservativeness principles imply the use of conservative assumptions and the
use of values and procedures able to ensure that a specified emission/reduction/sequestration would
not be overstated.

●

Use of buffers
In order to apply the above mentioned principles of conservation and prudence is foreseen
the implementation of two different types of buffers related to
the accumulation of carbon in soil and biomass.
Both have a sigmoid function that grows according to the number of practices implemented, starting
from a minimum value and
extending to an asymptotic maximum value for infinite practices adopted.

The buffer codes implemented in the calculator are the following:

Soil buffer:
3 Practices: 0.68 (approx. 0.7);
11 practices: 0.94 (approx. 0.9)
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Woody biomass buffer:
3 practices: 0.8;
11 practices: 0.9.

●

Scientific approach (completeness, use of literature data).

The adopted presumptive criteria model the future carbon storage in the farm ecosystem starting from
a baseline and through the calculation of the carbon stored in the field. In the calculation, the local
climate trend is assumed.
Completeness and application of environmentally relevant data, including the Life Cycle criteria (carbon
footprint is calculated from the cradle to the field) and the inclusion of fertilizers, soil improvers and
pesticides, assures a technical systemic fully integrated approach. Calculators have been created in
order to make operational calculation of credits easier within a scientific logical framework. The
calculation method applied to carbon sinks and sources is based on ISO 14064-1 international standards.
●

Use of real farm data.
Calculation system is based on soil data and biomass assessment. For each experimental farm field, a
base line is computed. Baseline refers to field data.

●

Conformity to the environmental context.
The implemented model, applied to the farm calculator, includes farm and field data (history of the
cultivation system, erosion, hedge and rows, natural patches, still erosion and watering processes).
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3. Structure of the calculation system
Carbon balance is calculated (in a preliminary way and with the addition of
practices) through the use of the online carbon calculator.
Carbon balance, following the ISO 14064-1 and ISO 14064-2 includes:
a.

direct emissions;

b.

indirect emissions;

c.
biogenic emissions and removals (only for organizations producing credits,
i.e. farms).

3.1

Carbon calculator for farmers (sellers)

CAFÉ has two different aims:
●
Calculation of the carbon balance. In particular the tool allows to evaluate and to assess the
current carbon budget of the farms, in the selected fields (farm patches) chosen by farmers wishing to
participate to GECO2 who meet the basic conditions required by the project;
●
Definition of CO2e credits per farm field, and per hectare. Each credit is calculated in tons of
equivalent carbon dioxide sequestered. These credits will be registered in the GECO2 database. A
specific offset registry is a part of this database. The registry is a system for reporting and tracking offset
project information including project status, project documents, credits generated, ownership, sale, and
retirement.
The principles of calculation find its application in the calculator structure.
Calculation scheme of the GECO2 calculator (CAFÉ) is based on an algorithms system.
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The algorithm system is built in a modular form to determine, at the field level, the greenhouse gas
emissions produced by the farm and its practices, the loss of carbon due to erosion and the
accumulation of carbon instead due to the sustainable practices applied.
In addition to that, calculator has the objective of evaluating the carbon credits. Credits are produced by
the agricultural organization (farm).
In order to exploit calculator functions, input forms must be filled in by farms. Model (algorithms), on
which the calculator was designed, estimates the corporate carbon credits /debts, in connection with
the farm data and the answers provided.
At the end of the computation, a budget is determined, specifying which procedural components have
the most impact on the final result.
Emissions are calculated considering the following five categories:
1) CO2 emissions due to energy consumption (fuel and electricity);
2) CO2 emissions due to the production of pesticides then applied in the field (the emissions of the
application are not considered here because they fall within the first point);
3) CO2 emissions due to the production of the fertilizers used (the emissions of the application are not
considered here because they fall within the first point). N2O, NO and NH3 emissions due to the
application of nitrogen fertilizers in relation to the management and type of soil (texture, pH, drainage,
etc.) following the Bowman model;
4) CO2, N20, CH4 emissions due to the management of crop residues;
5) CO2 emissions due to carbon oxidation in the soil due to field management practices.
Carbon loss is estimated by calculating the amount of soil lost due to erosion with a RUSLE equation
(acronym for Revised Universal Soil Loss Equation).
Factors influencing RUSLE are: annual rainfall, field slope, soil texture, land cover and agricultural
practices.
Carbon budget is calculated considering two different pools:
The carbon stored in the soil (underground part):
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1) Type of soil management (forest, stable meadow, grassy orchard or field with worked land);
2) Type of tillage (conventional, minimum tillage, no tillage);
3) Use of cover crops in the period in which the crop is at rest (cover crops);
4) Application of organic amendments with a non-negligible organic carbon content;
5) Release or not of crop residues in the field (woody, herbaceous);
6) Annual increase of root biomass;

The carbon stored in the topsoil (epigeal part):
1)
Calculation of the increase of the woody system following a tabular method for which each
species has a specific annual growth of biomass.
2)
With this growth, the carbon lost from any pruning or removal of trees from the orchard is
reduced.

Appendix A shows in detail the information collected by the farmers calculator (CAFÉ).
The calculation of CO2e absorptions and of the credits produced by the farm, follows these
assumptions:
1) The number of conservative practices adopted is calculated. If this number is less than 3, the credit is
void. Otherwise the credit is considered eligible and will depend on the stored epigeal and hypogeal
carbon.
2) The credit is determined by multiplying each carbon pool by its weight which is calculated on the
number of conservative practices adopted and on the age of the plant. The weight is determined with a
non-linear (sigmoid) equation.

3.2

Calculator for buyers (offset energy emissions)

10

COFFEE is a tool that estimates buyer’s carbon footprint.
It registers buyers’ data and their carbon footprint (for selected activities and /or production of goods
and services)5. In case that buyer’s carbon footprint was not available this tool allows the definition and
the assessment of global energy emissions, and in particular the quantity of GHG emissions that buyer
can offset. The calculation can be linked to the selected activities to be offset, in compliance with
marketing choices made by the buyers.
Calculation system for buyers is structured in an operation tool (COFFEE). The calculator acquires data
for calculating carbon debts. If the company holds an LCA / carbon footprint for a product, line, firm it
wants to evaluate, then the LCA value is considered as a carbon debt to be covered by the purchase of
credits from farms included in the GECO2 project. In order to purchase offsetting credits, buyers must
provide the value of their carbon footprint. If a buyer does not have a certified LCA or carbon footprint,
GECO2 has introduced an ad hoc tool. The calculator evaluates the emissions due to energy
consumption of a single product, or of a production line or of the entire company (depending on the
choices of the buyer). For the energy part the buyer’s algorithm reads the same database used for
farmers.
Energy consumption is assessed on the basis of both fuel and electricity consumption.
Each fuel used must be declared with the respective unit of measurement (liters if liquid; kilograms if
solid or methane). Each fuel is associated with a conversion factor that transforms consumption into
CO2 equivalent emissions.
As regards electricity, it must be specified whether it is taken from the grid or self-produced through
renewable plants. In the case of energy from the grid, it will be necessary to declare the percentage of
renewables of the own operator (this data must be present in the bill by law). If this data is not available
then the algorithm applies the national average renewable share.
An emission conversion factor is attributed per unit of electricity based on the production method.

5

Per each buyer the carbon footprint is defined through a standard. This standard includes protocols/methodologies
and guidance documents. These standards provide guidance and/or specifications on GHG (green house gases )
quantification, monitoring, reporting. Stand-alone standards typically do not have an associated regulatory body that
registers projects and also do not typically have registration and enforcement systems to track and ensure legal
ownership of offset credits (e.g., ISO 14064-2).
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Appendix B contains the information collected by the buyer’s calculator.

Appendix A: Farm data for GeCO2 project
a. general data (carbon calculator questions 1 - 11)
Company data are collected in this section of the input form.
The calculator takes into account the experimental field and its slope in the calculation of soil carbon
loss using RUSLE6 equation7. RUSLE equation is used consistently within the European framework8.
Each different experimental field for each company is labeled and considered through a sorting number.
Each field has its own carbon balance and gives rise to the production of carbon credits.

b. climate data (carbon calculator questions 12 - 15)
In this section climate data are collected in order to define the carbon loss by weathering process:
Annual average temperature in C°
Annual rainfall (mm)
Reference Annual Evapotranspiration ET09 (mm)

6

Renard, K., Foster, G., Weesies, G., McCool, D., and Yoder, D., 1997. Predicting soil erosion by water: a guide to
conservation planning with the Revised Universal Soil Loss Equation (RUSLE). Agricultural Handbook No. 703.
http://doi.org/DC0-16- 048938-5 65–100.
7

Panagos, P., Borrelli, P., Meusburger, K., Yu, B., Klik, A., Jae Lim, K., and Ballabio, C. (2017). Global rainfall
erosivity assessment based on high-temporal resolution rainfall records. Sci. Rep., 7(1), 4175.
https://doi.org/10.1038/s41598-017-04282-8.
8

https://esdac.jrc.ec.europa.eu/themes/rusle2015, Panagos, P., Borrelli, P., Robinson, D.A. Common Agricultural

Policy: Tackling soil loss across Europe. Nature 526, 195 (07 October 2015), doi:10.1038/526195d
9

Reference crop evapotranspiration or reference evapotranspiration, denoted as ETo. The reference surface is a
hypothetical grass reference crop with an assumed crop height of 0.12 m, a fixed surface resistance of 70 s m-1 and
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Climatic Water Balance10 (mm/year)

c. soil data (carbon calculator questions 16 - 24)
In this section soil data are collected in order to define the carbon gain and loss:
Soil depth11;
Soil drainage properties;
Soil pH12;
Soil texture13;

an albedo of 0.23. The reference surface closely resembles an extensive surface of green, well-watered grass of
uniform height, actively growing and completely shading the ground. The fixed surface resistance of 70 s m-1 implies
a moderately dry soil surface resulting from about a weekly irrigation frequency. see also:
https://edis.ifas.ufl.edu/pdffiles/ae/ae45900.pdf
10

The climatic water balance (CWB) is defined as the difference between precipitation depth and the depth of
potential evapotranspiration at a given site during a certain time period.
11

Soil depth is defined as the unconsolidated material immediate the surface of the earth serves as natural medium
for the growing plants. Soil depth defines the root space and the volume of soil from where the plants fulfil their water
and nutrient demands.
12

Soil pH is a measure of the acidity or basicity (alkalinity) of a soil. Soil pH is a key characteristic that can be used to
make informative analysis both qualitative and quantitatively regarding soil characteristics. Most soils have pH values
between 3.5 and 10. In higher rainfall areas the natural pH of soils typically ranges from 5 to 7, while in drier areas
the range is 6.5 to 9.
13

Soil texture (such as sandy, loam, sandy loam or clay) refers to the proportion of sand, silt and clay sized particles
that make up the mineral fraction of the soil. Coarse-grained soils (CGS) which contain 50 percent or less of fines;
Medium soil (Loam) which contain 50 percent or less of silt and sand; Fine-grained soils (FGS) which contain more
than 40% percent clay is more than 40%: i.e. lays feel slightly sticky and dense; they feel smooth (not gritty) when a
piece is rubbed between finger and thumb; a moist fragment can be rolled into a ball and then into sausage shape
with no cracking. If, after being rolled into a clay sausage the moist surface becomes shiny when rubbed, it is likely
that the soil is especially rich in clay and is termed a ‘heavy clay’

13

Soil organic matter14;
Soil skeleton15;
Available Water Capacity (in mm);
Total Nitrogen in soil;
C/N ratio.

d. crop and field management data (carbon calculator questions 25 - 46)
The description of the single field allows the calculator to evaluate the carbon balance considering the
presence of crops, other vegetation and field management practices.
Type of crop;
Density of trees in the present year (no./ha)
Density of trees (increase/decrease) ;

Cobbles: particles with a diameter larger than 75 mm;
Gravel: particle sizes from 4.75 to 75 mm;
Sand: particle sizes from 0.075 to 4.75 mm;
Silt: particle sizes between 0.002 mm and 0.063 mm
Clay: particles smaller than 0.063 mm.
see: http://www.fao.org/tempref/FI/CDrom/FAO_Training/FAO_Training/General/x6706e/x6706e11.htm
14

Soil organic matter is any material produced originally by living organisms (plant or animal) that is returned to the
soil and goes through the decomposition process. At any given time, it consists of a range of materials from the intact
original tissues of plants and animals to the substantially decomposed mixture of materials known as humus.
15

Soil skeleton, also known as rock fragments is the fraction of soil particles greater than 2 mm.
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Orchard/Vineyard age;
Tree/vine DBH (cm DBH= Diameter at Breast Height, namely 130 cm) ;
Organic management;
Area managed through no-tillage;
Area managed through minimum-tillage;
Area where winter cover crops;
Permanent grass or grassed orchard/grassed vineyard;
Forestry crop area;
Sparse vegetation, shrubs, hedges;
Above ground woody residue dry weight treatment;
Woody Residue treatment;
Above ground green residue dry weight treatment;
Green Residue treatment.

e. agronomic input data (carbon calculator questions 47 - 79)
The description of the single field management allows the calculator to evaluate the carbon balance
considering agronomic management practices.
Cumulated weight of active principles of applied pesticides;
Fertilizers;
Product application rate for fertilizer;
Application method;
Emissions inhibitors for fertilizer;
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Amendment;
Product application rate for amendment;
Application method for amendment;
Emissions inhibitors for amendment;

e. energy data (carbon calculator questions 80 - 94)
The use of energy, which must be evaluated for the single field and not for the whole farm, allows to
evaluate the direct and indirect emissions of greenhouse gases.
Use of fuels;
Use of electric energy.

f. farming project (carbon calculator questions 95 - 98)

Number of practices used in farm management in the frame of GECO2, specifying the following
conditions:
●

which practices are already in use in farm management (before participation in GECO2);

●

which management improvements will be implemented for the GECO2 project;

●
which management practices and improvements will be continued and implemented after
GECO2 conclusion in order to maintain and increase soil organic carbon.
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Appendix B: Buyer data for GeCO2 project
a. general data (carbon calculator questions 1 - 11)
Emitting organizations data are collected in this part of the calculator. Offsetting organizations have to
provide their carbon footprint, calculated according to the part that would offset, and eventually the
energy data (for the carbon footprint of energetic systems, if the carbon footprint were not previously
calculated)

b. energy data
The use of energy, allows to evaluate the direct and indirect emissions of greenhouse gases.
Use of fuels;
Use of electric energy.
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