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The GBEP Sustainability 
indicators 1 and 4
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1. LifecycleGHG emissions

The indicators

The GBEP Sustainability indicators 1 and 41

Lifecycle greenhouse gas emissions from bioenergy production and use, as per the 
methodology chosen nationally or at community level, 

and reported using the GBEP Common Methodological Framework for GHG 
Lifecycle Analysis of Bioenergy 'Version One' .

Measurement unit(s): Grams of CO2 equivalent per megajoule
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4. Emissions of non-GHG air pollutants, including air toxics

The indicators

The GBEP Sustainability indicators 1 and 41

Emissions of non-GHG air pollutants, including air toxics, from 
(4.1) bioenergy feedstock production, 
(4.2) processing, 
(4.3) transport of feedstocks, intermediate products and end products, (4.4) and 
use; 
and in comparison with other energy sources.

Measurement unit(s): 
Emissions of PM2.5, PM10, NOX, SO2 and other pollutants can be measured and 
reported in the following ways as is most relevant to the feedstock, mode of 
processing, transportation and use. 

4.1 mg/ha, mg/MJ, and as a percentage 
4.2 mg/m3 or ppm 
4.3 mg/MJ 
4.4 mg/MJ 
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Principlesof LCA calculation

focus on GHG and non-GHG emissions
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takes into account the 
whole life cycle of a product 
(„cradle-to-grave“)

takes into account all inputs 
into the system and all 
outputs

comparesthe emissions of 
a biofuelwith those from a 
fossil fuel based on a 
functional unit 

Principles of LCAs

Principlesof LCA calculation1
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FIELD WORK & 

HARVEST
Diesel fuel 

[l diesel per ha per year]

Diesel 
[g CO2eq per l diesel]

PESTICIDES
Pesticides 

[l pesticides per ha per year]
Pesticides 

[g CO2eq per l pesticides]

IRRIGATION & 

FEEDSTOCK 

DRYING

Diesel fuel or electricity 
[l diesel per ha per year] or [kWh 

electricity per ha per year]

Organic and mineral 

fertiliser 
[kg fertiliser per ha per year]

Diesel or electricity 
[g CO2eq per l diesel] or

[g CO2eq per kWh electricity]

Fertiliser production
[g CO2eq per kg fertilizer]

FERTILISER

Nitrogen fertiliser 

field emissions
[g CO2eq per kg fertiliser]

Total annual GHG 

emissions 
[g CO2eq per ha per 

year]

Background data

Provided by the GHG 

calculator

Annual amount of Emission factor for 

Total greenhouse 

gas emissions

Feedstock yield
[kg feedstock per ha 

per year]

Annual GHG 

emissions from 

cultivation
[g CO2eq per kg 

feedstock]

=

÷

x

x

x

x

x

Data from

process

Data for

conversion
Emissions

Principles of LCA calculation1
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Basis for the comparisonof bioenergyandfossil energycarrier

Different unitsarepossible:
ÁOnehectare; tonne biomass; MJ energycarrier

Choice dependson the researchgoal
Á E.g. optimiseduseof land(Č hectare)

ÁOptimiseduseof biomass(e.g. waste; Č t biomass)

Specifications ςfunctional unit

Principlesof GHG calculation1
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Non-GHG air pollutants

SO2

NOx

CO

NMVOC

PM10

Dust

NH3

Specifications ςGHG and air pollutants to be considered

Principlesof LCA calculation1

Pollutants mentionendin GPEP report: 

ά/ƭŀǎǎƛŎŀƭέ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ
- PM2.5, 
- PM10, 
- NOX, 
- SO2 
- VOC

air toxics, i.e. hazardousair pollutants
- 1,3-butadiene, 
- acetaldehyde, 
- acroleinbenzene, 
- formaldehyde

GHG: CO2, N2O, CH4



1928 November 2017Horst Fehrenbach 

It hasto bedifferentiatedbetweenwasteandco-/by-product!
Á Noconsistentdefinition worldwide

Most bioenergypathwaysproduceby-products:
Á Rapeseedmeal

Á Palm kernels; palmkernelmeal

ÁMolasse

Á Surplus electricity

Co-/by-productshaveto be takeninto accountin LCAs

Specifications ςdealing with by-products

Principlesof LCA calculation1
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Principlesof LCA calculation1

Rawoil
production

Use

Biodiesel

Use

Diesel

Fertiliser

Fuel Pestici.

Cultivation

Transport Extraction

Raffination Processing Glycerine

Convent. 
products

Substitution

Chemicals

Rapemeal Soymeal

Straw

Chem. 
glycerine

Thermal
use

Rawoil Rapeoil

Diesel Biodiesel

Glycerine

Straw

Allocation

Rapeseed

Rapeoil

Biodiesel

Raps-
schrot
Rape
meal

%

%

%

Product
Equivalent

system
Process

Substitution versus allocation
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GHG emissionsaredividedbetweenthe mainproductandco-
products
Á Part of the emissions„leave“ the system

Different referencespossible: 
Á lower heatingvalue(energycontent)

Á prices

Ámass

Easierto be implementedin regulatorypurposes

Selected option: Allocation

Principlesof LCA calculation1
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Calculation rules applied
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1. GHGs covered

2. Source of biomass

3. Land use changes due to bioenergy production

4. Biomass feedstock production on farms and in forests

5. Transport of biomass

6. Processing into fuel

7. By-products and co-products

8. Transport of fuel

9. Fuel Use

10. Comparison with replaced fuel

Steps of the GBEP GHG framework

Calculationrulesapplied
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The toolõs history
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Current version of the tool is dedicated to a relevant selection 
of bioenergy pathwaysproduced in Viet Nam und Paraguay. 

It refers to following preceding tools:

1. BioGrace

2. The GEFGHG calculation tool

3. the BioEmtool prepared for the German Federal 
Environment Agency

Parents of the tool

theǘƻƻƭΨǎhistory
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BiofuelGreenhouseGas emissions: 
alignmentof calculationsin Europe

Aimof project:
Á Harmonisecalculationsof biofuelgreenhousegas (GHG) emissions

performedin the EU underlegislationimplementingRED andFQD

Tool for making actual calculations in compliance with the RED
recognized by the European Commission

List of “standard values” and Calculation rules 

Project BioGrace

3 theǘƻƻƭΨǎhistory
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LCAs can lead to very different results
Á Subject to different methodologies used

Á Subject to different system definitions

Á Subject to different data used

LCAs used in the regulatory or reporting context require 
unambigousresults
ÁMethodology has to avoid large bandwidth

ÁMethodology has to be clearly defined

Á Harmonisationof background data helps in the process 

GHG tools exist to assist in calculation

Summary

4 the toolôshistory
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Introducing the tool 
for Viet Nam and Paraguay
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Biogas at household and industrial levels (Viet Nam);  
produced  from
Á Agricultural waste: manure (solid) and/or slurry (liquid);

Á energy crops or agricultural residues

ÁOrganic and agro industrial waste

Ethanol from 
Á Cassava (Viet Nam)

Á Sugarcane (Paraguay)

ÁMaize (Paraguay) 

Wood energy (Paraguay)

Pathways

4 the tool for Viet Nam and Paraguay
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Background data

Density

LHV lower 

heating 

value Referenzen

MJ/kg 

kg/m
3

 (0% Water) MJ/tkm
gCO2fossil/kg gCO2biogenic/kg gCH4fossil/kg gCH4 biogenic/kg gN2O/kg gCO2-eq/kg gCO2fossil/MJ gCO2biogenic/MJ gCH4fossil/MJ gCH4biogenic/MJgN2O/MJ gCO2-eq/MJ

gCH4/t.km gN2O/t.km gSO2/kg gNOx/kg gCO/kg gNMVOC/kg gPM10/kg gStaub/kg gNH3/kg gSO2/MJ gNOx/MJ gCO/MJ gNMVOC/MJ gPM10/MJ gStaub/MJ gNH3/MJ gSO2/t.km gNOx/t.km gCO/t.km gNMVOC/t.km gPM10/t.km gStaub/t.km gNH3/t.km

Global Warming Potentials (GWPs)

CO2fossil 1

CO2biogenic 1

CH4 fossil 25

CH4 biogenic 25

N2O 298

Agricultural input materials

N-fertiliser 3680,0 7,49 2,35 4.567,8 0,95 1,83 0,77 0,36 0,16 0,20 0,0000 JRC-Calculations 2014 (Giuntoli et al. 2014)

Urea 1702,6 0,0 9,3 0,0 0,00 1.934,8

P2O5-fertiliser 1128,5 0,0 2,09 0,00 0,03 1.190,9 3,78 3,55 0,89 0,18 0,19 0,44 0,0006 Kaltschmitt & Reinhardt 1997

K2O-fertiliser 579,4 0,0 1,10 0,00 0,01 610,8 0,18 1,44 0,50 0,07 0,007 0,061 0,0001 Kaltschmitt & Reinhardt 1997

CaO-fertiliser (kg CaCO3) 42,0 0,0 0,09 0,00 0,00 44,7 0,09 0,15 0,02 0,00 0,006 0,008 0,0001 GEMIS v 4.9

N2O field emissions - mineral fertiliser 20,82 6.204,8

N2O field emissions - organic fertiliser 22,39 6.673,1

Pesticides 18870 0 35,87 0,18 0,03 19.781,3 40,42 91,83 21,25 2,87 1,92 9,64 0,0103 Kaltschmitt & Reinhardt 1997

Seedling - oil plam 0 0 0,00 0,00 0,00 0,0

Seeds - soy 0 0 0,00 0,00 0,00 0,0

Seeds - maize 176 0 0,32 0,00 0,41 304,3 0,29 0,93 0,24 0,04 0,01 0,11 0,00 Assumption: same as wheat; Kaltschmitt & Reinhardt 1997

Seeds - sugar beet 2446 0 4,70 0,00 0,07 2.584,5 4,30 10,55 2,79 0,42 0,20 1,55 0,00 Kaltschmitt & Reinhardt 1997

Seeds - rape 535 0 1,03 0,00 1,02 863,6 0,97 2,48 0,64 0,09 0,04 0,36 0,00 Kaltschmitt & Reinhardt 1997

seedling - sugarcane 0 0 0,00 0,00 0,00 0,0 Macedo et al. 2004  (transport was considered)

Seeds - poplar 9 0 0,01 0,00 0,00 9,0 0,01 0,10 0,02 0,00 0,00 0,01 0,00

Seeds - wheat 175,6 0,0 0,32 0,00 0,41 304,3 0,29 0,93 0,24 0,04 0,01 0,11 0,00 Kaltschmitt & Reinhardt 1997

Seeds - rye 205,3 0,0 0,39 0,00 0,01 216,9 0,34 1,00 0,27 0,04 0,01 0,17 0,00 Kaltschmitt & Reinhardt 1997

Seeds - grass 0,0 0,0 0,00 0,00 0,00 0,0

Cassava cuttings 63,9 0,0 0,00 0,00 0,00 63,9

Fuel - gas

Natural gas 49,2 65,09 0,00 0,12 0,00 0,00 68,2 0,002 0,045 0,021 0,005 0,001 0,001 0,000 JEC 2014 (WTW Version 4.a)

LPG 46,0 86,50 0,00 0,14 0,00 0,0004 79,5 0,061 0,063 0,024 0,051 0,005 0,006 0,000 ICCT 2014 + JEC 2014 (WTW Version 4.a)

Methane 50,0

Fuel - fluids

Diesel 832,0 43,1 85,2 0,0000 0,1323 0,0000 0,0005 88,6 0,046 0,050 0,013 0,033 0,004 0,009 0,0000 ICCT 2014 + JEC 2014 (WTW Version 4.a)

Gasoline 745,0 43,2 85,1 0,0000 0,1299 0,0000 0,0005 88,5 0,050 0,049 0,015 0,032 0,004 0,009 0,0000 ICCT 2014 + JEC 2014 (WTW Version 4.a)

HFO (3.5% S) 970,0 40,5 92,0 0,0000 0,1299 0,0000 0,0005 95,4 0,044 0,048 0,012 0,032 0,003 0,008 0,0000 ICCT 2014 + JEC 2014 (WTW Version 4.a)

Greenhouse gases Major air pollutants

Fuel 

consumption Tailgas emission transport Exhaust gas emission

Structureof the tool

4 the tool for Viet Nam and Paraguay

Info (about the tool)

GBEP sustainbility indicator 1 and 4: Application for Viet Nam 2017

RESULTS Ethanol from fossil petrol Saving Biogas cookstove cookstove Saving Biogas heat heat Saving

cassava manure LPG organic waste coal

Indicator 1 - GHG emissions g CO2eq/MJ EtOH g CO2eq/MJ petrol % g CO2eq/MJ electr.

LUC 0,0

cultivation 14,5

transport 2,9 0,0 0,0

processing 30,7 24,1 12,9

use 1,0 3,4 0,5

total 49,1 94,0 48% 27,5 49,5 44,4% 13,4 148,9 91%

Indicator 4 - non-GHG emissions
SO2 g/MJ EtOH

cultivation 0,0051

transport 0,0016 0,0000 0,0000

processing 0,0334 0,0504 0,0039 0,0332 0,0097

use 0,0000 0,0002 0,0000 0,0000 0,0005

total 0,0401 0,0506 21% 0,0039 0,0332 88% 0,0102 0,216 95%

NOx

cultivation 0,012

transport 0,021 0,000 0,000

processing 0,055 0,049 0,018 0,034 0,014

use 0,500 0,500 0,469 0,081 0,070

total 0,589 0,675 13% 0,487 0,116 -320% 0,084 0,313 73%

CO

cultivation 0,011

transport 0,004 0,000 0,000

processing 0,032 0,015 0,002 0,013 0,002

use 0,180 0,180 0,363 0,063 0,035

total 0,227 0,195 -16% 0,365 0,076 -381% 0,037 0,037 3%

NMVOC

cultivation 0,0012

transport 0,0017 0,0000 0,0000

processing 0,0066 0,0322 0,0008 0,0275 0,0006

use 0,0470 0,0470 0,0656 0,0114 0,0031

total 0,0565 0,0792 29% 0,0664 0,0389 -71% 0,0038 0,014 74%

PM10

cultivation 0,0012

transport 0,0003 0,00000 0,00000

processing 0,0766 0,0040 0,00166 0,00275 0,00131

use 0,0200 0,0200 0,00000 0,00000 0,00017

total 0,0981 0,0240 -309% 0,00166 0,00275 40% 0,00148 0,029 95%

Dust

cultivation 0,00256

transport 0,00047 0,00000 0,00000

processing 0,08447 0,00900 0,00215 0,00329 0,00170

use 0,02000 0,02000 0,00000 0,00000 0,00017

total 0,10751 0,02900 -271% 0,00215 0,00329 35% 0,00187 0,038 95%

Results Calculation sheet per pathway

Background data
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Structureof the tool - result sheet

4 the tool for Viet Nam and Paraguay
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Structureof the toolςcalculationsheetςInput data

4 the tool for Viet Nam and Paraguay

Land use change

Land use change (aLUC) 0kg CO2eq / ha*a

Cultivation
Yield

Cassava 25,00t/ha*a

Water content 65,0%%

harvest residue 15,5t/ha*a

Fertiliser & pesticides

N-Fertiliser 138,5kg N / ha*a

manure 39,2kg N / ha*a

P2O5-Fertiliser 115,5kg P2O5 / ha*a

K2O-Fertiliser 105,8kg K2O / ha*a

CaO-Fertiliser (kg CaCO3) 600kg CaCO3 / ha*a

Stillage 0kg N / ha*a

Pesticides 2,00kg / ha*a

N2O field emissions - mineral fertiliser

N2O field emissions - organic fertiliser

NH3-emission from N-mineral fertiliser

NH3-emission from N-farm manure

Emissions from field burning of residues yes

Seeds

Cassava cuttings 750,00kg / ha*a

Energy

Diesel 22,5l / ha*a

Emissions from diesel usage (agriculture)

Electricity consumption (for irrigation) 45,0kWh / ha*a

Electricity mix Electricity mix Viet Nam
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Structureof the toolςcalculationsheet

4 the tool for Viet Nam and Paraguay
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Structureof the toolςBackground data

4 the tool for Viet Nam and Paraguay
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Outlook

4

Learning from application in Viet Nam and Paraguay 

Expanding the tool by the pathways for Ethiopia and Kenya 
in 2018

?Derivinga generictool for GBEP sustainabilityindicators1 + 4?
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