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Greenergy Brazilian Bioethanol verification programme: 

GHG Methodology 

GHG DOC – 005 v.3 31 January 2011 

 

1. Use of the default value 

A default value for sugarcane ethanol of 24 gCO2eq/MJ ethanol can be used as the total for 

cultivation, processing, transportation and distribution. This is equivalent to 71% GHG savings as 

compared with the fossil fuel equivalent.  

This value is taken from Annex V of Directive 2009/28/EC of the European Parliament and of the 

Council of 23 April 2009 on the promotion of the use of energy from renewable sources. 

Amendments to the Directive relating to GHG shall be incorporated into the Greenergy Brazilian 

Bioethanol verification programme: GHG Methodology (GHG DOC – 005). If a case arises where 

the value differs between this document and the Directive, the Directive shall be taken as the 

reference point.  

This default value may be used in lieu of actual values, where there is no land use change. 

If there is land use change which is compliant with ‘Greenergy bioethanol sustainability criteria for 

Brazilian sugarcane STD DOC – 002 v.5’  I1.1.2, I1.1.3, I1.1.4, I2.2.1, I2.2.2, I2.2.3 and I2.2.4, the 

default value for cultivation may also be used, but it must be added to the actual value for land 

use change, as set out below. The results of this calculation shall be used to determine whether 

the land use is compliant with ‘Greenergy bioethanol sustainability criteria for Brazilian sugarcane 

STD DOC – 002 v.5’  I1.1.1. 

The following formula is taken directly from the Annex V of Directive 2009/28/EC for calculating 

GHG emission  savings from biofuels and bioliquids:  

SAVING = (EF – EB) / EF  

Where 

EB = total emissions from the biofuel or bioliquid; and 

EF = total emissions from the fossil fuel comparator, which shall be the latest available actual 

average emissions from the fossil part of petrol and diesel consumed in the Community as 

reported under Directive 98/70/EC. If no such data are available, the value used shall be 83,8 

gCO2eq/MJ. 

Where no land use change, EB = 24 gCO2eq/MJ ethanol 

Where there is land use change, the calculation  of EB shall be: 

EB = default value for cultivation (eec))+ default value processing (ep )+ default value  transport 

and distribution  (etd )+ actual value for LUC (el  calculated as per the methodology in Section 2.0) 

 



GREENERGY BIOETHANOL - GHG DOC – 005 v.3 31 January 2011 2 

 

2. Calculating land use change 

2.1 Formula for calculating total GHG emissions  

If land use change takes place which is permitted under the ‘Greenergy bioethanol sustainability 

criteria for Brazilian sugarcane STD DOC – 002’, the following approach shall be used to 

calculate the GHG emissions.   

The following formula is taken directly from the Annex V of Directive 2009/28/EC. 

E = eec + el  + ep  + etd  + eu  – esca  – eccs  - eccr  - eee 

Where 

E = total emissions from the use of the sugarcane ethanol 

eec = emissions from the cultivation of sugarcane 

el  = annualised emissions from carbon stock changes caused by land-use change 

ep = emissions from processing 

etd = emissions from transport and distribution 

eu = emissions from the fuel in use 

esca  = emission savings from soil carbon accumulation via improved agricultural management 

eccs   = emission saving from carbon capture and geological storage 

eccr   = emission saving from carbon capture and replacement 

eee= emission saving from excess electricity from cogeneration 

The values used for the calculation shall be as following: 

eec= 14 gCO2eq/MJ ethanol 

el = where applicable, this shall be calculated as per section 2.2 below.  

ep= 1 gCO2eq/MJ ethanol 

etd= 9 gCO2eq/MJ ethanol 

eu, esca eccr and eee = 0 

Units: In this formula, the unit given for emissions, E, is gCO2eq/MJ liquid biomass. 

2.2 GHG emissions for land use change el 

The following section is taken from the COMMISSION DECISION of 10 June 2010 on guidelines 

for the calculation of land carbon stocks for the purpose of Annex V to Directive 2009/28/EC.  

If there is evidence that no land use change has taken place since January 2008, then el  = 0. 

The carbon intensity from the impact of land-use change must be added to the fuel chain carbon 
default.  
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Where there is evidence of land use change identified as part of the field verification, a calculation 

of GHG emissions associated with land use change shall be undertaken using the following 

formula:  

el = (CSR – CSA) × 3.664
1
 × 1/20 × 1/P – eB 

where 

el = annualised greenhouse gas emissions from carbon stock change due to land-use change 

(measured as mass of CO2-equivalent per unit biofuel energy); 

CSR = the carbon stock per unit area associated with the reference land use (measured as mass 

of carbon per unit area, including both soil and vegetation). The reference land use shall be the 

land use in January 2008 or 20 years before the raw material was obtained, whichever was the 

later; 

CSA = the carbon stock per unit area associated with the actual land use (measured as mass of 

carbon per unit area, including both soil and vegetation). In cases where the carbon stock 

accumulates over more than one year, the value attributed to CSA shall be the estimated stock 

per unit area after 20 years or when the crop reaches maturity, whichever the earlier; 

P = the productivity of the crop (measured as biofuel or bioliquid energy per unit area per year);  

eB = bonus of 29 gCO2eq/MJ biofuel or bioliquid if biomass is obtained from restored degraded 

land. Note that this cannot be included in the calculation until the EC has published the definition 

for degraded land.  

Calculation can either be based on direct measurement of above and below ground carbon or 

default values for soil and vegetation types. These approaches are set out below.   

2.2.1 Calculating carbon stock  

For determining the carbon stock per unit area associated with CSR and CSA the following rules 

shall apply: 

(1) The area for which the land carbon stocks are calculated shall for the entire area have similar 

(a) biophysical conditions in terms of climate and soil type; 

(b) management history in terms of tillage; 

(c) input history in terms of carbon input to soil; 

(2) The carbon stock of the actual land use, CSA, shall be taken as 

– in the case of loss of carbon stock: the estimated equilibrium carbon stock that the land will 

reach in its new use; 

– in the case of carbon stock accumulation: the estimated carbon stock after 20 years or when 

the crop reaches maturity, whichever the earlier. 

                                                 

1
 The quotient obtained by dividing the molecular weight of CO2 (44,010 g/mol) by the molecular weight of carbon (12,011 

g/mol) is equal to 3,664. 
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For the calculation of CSR and CSA the following rule shall apply: 

CSi = (SOC + CVEG) × A 

where 

CSi = the carbon stock per unit area associated with the land use i (measured as mass of carbon 

per unit area, including both soil and vegetation); 

SOC = soil organic carbon (measured as mass of carbon per hectare),  

CVEG = above and below ground vegetation carbon stock (measured as mass of carbon per 

hectare), 

A = factor scaling to the area concerned (measured as hectares per unit area). 

2.2.1.1 Calculating soil organic stock 

Mineral soils 

For the calculation of SOC the following rule may be used: 

SOC = SOCST × FLU × FMG × FI 

where 

SOC = soil organic carbon (measured as mass of carbon per hectare); 

SOCST = standard soil organic carbon in the 0 - 30 centimetre topsoil layer (measured as mass of 

carbon per hectare); 

FLU = land use factor reflecting the difference in soil organic carbon associated with the type of 

land use compared to the standard soil organic carbon; 

FMG = management factor reflecting the difference in soil organic carbon associated with the 

principle management practice compared to the standard soil organic carbon; 

FI = input factor reflecting the difference in soil organic carbon associated with different levels of 

carbon input to soil compared to the standard soil organic carbon. 

Values for SOCST, FLU, FMG and FI are provided in Annex 1, Table 1- Table 8.  

As an alternative to using the formula and values described above, other appropriate methods, 

including measurements, may be used to determine SOC. As far as such methods are not based 

on measurements, they shall take into account climate, soil type, land cover, land management 

and inputs. 

Organic soils (histosols) 

For determining SOC, appropriate methods shall be used. Such methods shall take into account 

the entire depth of the organic soil layer as well as climate, land cover and land management and 

input. Such methods may include measurements. 

Where carbon stock affected by soil drainage is concerned, losses of carbon following drainage 

shall be taken into account by appropriate methods. Such methods may be based on annual 

losses of carbon following drainage. 
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2.2.1.2  Above and below ground vegetation carbon stock 

Values for CVEG are provided in Annex 1 for the following land use types: cropland, including 

perennial crops, grassland and forestland (Table 9 – Table 18).  

As an alternative to using the values described above for CVEG, for example where land use 

change includes one of the land uses not covered in the Annex, the following rule shall apply: 

CVEG = CBM + CDOM 

where 

CVEG = above and below ground vegetation carbon stock (measured as mass of carbon per 

hectare); 

CBM = above and below ground carbon stock in living biomass (measured as mass of carbon per 

hectare), calculated as per ‘Living biomass’ below 

CDOM = above and below ground carbon stock in dead organic matter (measured as mass of 

carbon per hectare), calculated as per ‘Dead organic matter’ below 

For CDOM the value of 0 may be used, except in the case of forest land – excluding forest 

plantations – having more than 30% canopy cover. 

Living biomass 

For the calculation of CBM the following rule shall apply: 

CBM = CAGB + CBGB 

where 

CBM = above and below ground carbon stock in living biomass (measured as mass of carbon per 

hectare); 

CAGB = above ground carbon stock in living biomass (measured as mass of carbon per hectare), 

calculated as per ‘above ground living biomass’ below 

CBGB = below ground carbon stock in living biomass (measured as mass of carbon per hectare), 

calculated as per ‘below ground living biomass’ below 

Above ground living biomass 

For the calculation of CAGB the following rule shall apply: 

CAGB = BAGB × CFB 

where 

CAGB = above ground carbon stock in living biomass (measured as mass of carbon per hectare); 

BAGB = weight of above ground living biomass (measured as mass of dry matter per hectare); 

CFB = carbon fraction of dry matter in living biomass (measured as mass of carbon per mass of 

dry matter). 
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For cropland, perennial crops and forest plantations the value for BAGB shall be the average 

weight of the above ground living biomass during the production cycle. 

For CFB the value of 0.47 may be used. 

Below ground living biomass 

For the calculation of CBGB one of the following two rules shall be used: 

1) CBGB = BBGB × CFB 

where 

CBGB = below ground carbon stock in living biomass (measured as mass of carbon per hectare); 

BBGB = weight of below ground living biomass (measured as mass of dry matter per hectare); 

CFB = carbon fraction of dry matter in living biomass (measured as mass of carbon per mass of 

dry matter). 

For cropland, perennial crops and forest plantations the value for BBGB shall be the average 

weight of the below ground living biomass during the production cycle. 

For CFB the value of 0.47 may be used. 

2) CBGB = CAGB × R 

where 

CBGB = below ground carbon stock in living biomass (measured as mass of carbon per hectare); 

CAGB = above ground carbon stock in living biomass (measured as mass of carbon per hectare); 

R = ratio of below ground carbon stock in living biomass to above ground carbon stock in living 

biomass. 

Appropriate values for R set out in Annex 1 Tables 2 – Tables 5 may be used.  

Dead organic matter 

For the calculation of CDOM the following rule shall apply: 

CDOM = CDW + CLI 

where 

CDOM = above and below ground carbon stock in dead organic matter (measured as mass of 

carbon per hectare); 

CDW = carbon stock in dead wood pool (measured as mass of carbon per hectare), calculated as 

per ‘Carbon stock in dead wood pool’ below 

CLI = carbon stock in litter (measured as mass of carbon per hectare), calculated as per ‘carbon 

stock in litter’ below 

Carbon stock in dead wood pool 

For the calculation of CDW the following rule shall apply: 
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CDW = DOMDW × CFDW 

where 

CDW = carbon stock in dead wood pool (measured as mass of carbon per hectare); 

DOMDW = weight of dead wood pool (measured as mass of dry matter per hectare); 

CFDW = carbon fraction of dry matter in dead wood pool (measured as mass of carbon per mass 

of dry matter). 

For CFDW the value of 0.5 may be used. 

Carbon stock in litter 

For the calculation of CLI the following rule shall apply: 

CLI = DOMLI × CFLI 

where 

CLI = carbon stock in litter (measured as mass of carbon per hectare); 

DOMLI = weight of litter (measured as mass of dry matter per hectare); 

CFLI = carbon fraction of dry matter in litter (measured as mass of carbon per mass of dry matter). 

For CFLI the value of 0.4 may be used. 

2.2.3 Degraded land bonus eB 

The bonus of 29 gCO2eq/MJ biofuel cannot be included in the calculation until the EC has 

published a definition. This section of the methodology will be updated at that point. 
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Annex 1 Values for GHG land use calculations 

The following tables are taken from the Commission Decision on guidelines for the calculation of 

land carbon stocks for the purpose of Annex V of Directive 2009/28/EC 
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