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This user manual assists in understanding and using the BioGrace Greenhouse gas (GHG) calculation tool
for electricity, heating and cooling from biomass. The tool can be used for a number of purposes which
are presented below including a link to the appropriate chapter within this user manual. Please note that
the BioGrace consortium has produced online video instructions that also explain the BioGrace Excel tool
and the calculation rules.

If the BioGrace-II tool is to be used for making actual calculations, then the user shall also refer to the
BioGrace-11 calculation rules®.

This chapter details the different ways of using this tool. You will

Rynctions of the tool find why this tool was developed and what it can do.

This chapter explains how the tool is designed and the general

How does the tool work? L .
principles of the calculations.

How to understand and pilot the This part describes how the result module, in head of each pathway,
results? works.

How can | use the tool to calculate my
own actual value?

How can I use the tool to understand | These chapters allow you to make the best use of the tool depending
the default values? on your personal objective.

How can | create a new pathway with
the tool?

A step by step tutorial may help you to declare a land use change in

How to use the LUC sheet?
one of your pathways.

Information about “Improved agricultural management” can help you

2
How to use the Esca sheet take into account carbon stock changes related to improved practices.

How to use the N-O emissions GNOC | A step by step tutorial may help you to calculate the N2O emissions of
sheet? your pathway using the Global Nitrous Oxide Calculator (GNOC).

How to use the N,O emissions IPCC | A step by step tutorial may help you to calculate the N,O emissions of
sheet? your pathway using the IPCC TIER 1 methodology.

How to use the Calculate efficiency
sheet?

A step by step tutorial may help you to use this sheet.

A step by step tutorial may help you to calculate new default values

-digesti ?
How to use the Co-digestion sheets’ for co-digestion of several substrates in a biogas plant.

How to use the Final conversion only | A step by step tutorial may help you to understand the purpose of this

sheet? sheet.
Glossar This section provides you with the definition of the specific wording

used in the tool or in this document.

. Please find the BioGrace-II calculation rules document as part of the zip file in which you downloaded the Excel tool and this

user manual.


http://www.biograce.net/app/webroot/biograce2/content/ghgcalculationtool_electricityheatingcooling/instructionvideos
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1 Introduction including description of functions of the tool

The BioGrace-11 GHG calculation tool is a tool facilitating to understand already made, and to make own,
greenhouse gas (GHG) calculations for electricity, heat and cooling produced from biomass. It does so in
the European context, using values and methodologies from the recast of the Renewable Energy Directive
(RED-II). The other BioGrace tool — BioGrace-1 — is on GHG calculations for transport fuels.

The BioGrace-1l GHG calculation tool consists of a number of documents including the BioGrace-II
Excel tool, the BioGrace-Il calculation rules, a BioGrace methodological background document, and this
user manual. The user manual gives insight on how to understand and use the BioGrace-11 Excel tool.

Three main functions have been identified when developing the tool:

1.

2.

3.

Give details on RED-11 default value calculations: the calculation sheets have been developed
to detail the exact and comprehensive methodology applied to calculate default values presented
in the RED-II and in the underlying JRC report.

Adapt existing pathways for actual value calculations: entering own input numbers into the
calculation sheet allows calculation of own actual GHG results. Own standard calculation values
(or conversion factors - see paragraph 4.3, definition in the glossary in chapter 7) may also be
inserted in the calculations (for example, adding a specific chemical input).

Create a new pathway: next to the two main functions, it is also possible to create a whole new
pathway within the tool. Some advice on how to do this is given at the end of this tutorial.
However, the tool does not offer user-friendly functionalities for this function; the user should
first have obtained a thorough understanding of the tool before creating a new pathway. The user
can also contract an expert to produce a new pathway, this user manual describes two ways in
which this can be done (see chapter 5).

Each function is described in more detail in their specific chapters. General information about the tool is
given in the following chapter.
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The BioGrace-Il Excel tool explained

2.1 General

2.1.1 General principles

The EC reports and the calculations in the BioGrace-Il tool follow a Life Cycle Assessment (LCA)
perspective to evaluate the GHG emissions of one MJ of final energy. This means that:

The functional unit is “the production and use of one MJ of final energy”.

All life cycle steps from biomass production to final energy use are taken into account. Each step of
the life cycle is presented in the calculation sheet within a dedicated module representing one step in
the bioenergy production pathway.

The last step of most of the pathways (all pathways except for the biomethane pathways) is the final
conversion (combustion) of the final energy carrier (final type of biomass) into electricity, heat,
cooling or electricity and heat. For this final conversion, CH4 and N.O emissions are calculated.

A module gathers the inputs' consumptions and calculates the emissions of the three main gases
contributing to climate change (CO2, CH4, and N20). Details of the contribution of each gas in the
results are presented in the last step of the calculation in order to have a high traceability of the
contributions as required in the ISO norm.

GHG emissions of each module are then summarised to obtain the GHG emission of the whole

pathway. Details of the modules aggregated under each of the JRC report defined steps are given in
paragraph 2.2.1 Overview Results.

Some cells in the BioGrace Excel tool sheets contain additional information in “help boxes”, in some
cases including references to this user manual and/or to the BioGrace-I1 calculation rules.

2.1.2 Main elements of the tool

The tool is organized in several Excel sheets.

The first sheet, “About”, gives a general introduction and explains some of the vocabulary and
calculations allowed by this tool.

The second sheet, “Directory”, shows all the links to the Excel sheets with explicit names; for instance,
“Wood chips from forestry residues” is linked to the “Ch-F_r” sheet.
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[Hide pathways 1-5
Wood chips from forest residues

Wood chips from short rotation coppice (Fucalyptus

Wood chips from short rotation coppice (Poplar)

Wood chips from stemwood

Wood chips from industry residues

[Hide patnways 6-10
Wood briquettes or pellets from forest residues

Wood briguettes or pellets from short rotation coppice (Eucalyptus
Wood briguettes or pellets from short rotation coppice (Poplar)
Wood briguettes or pellets from stemwood

Wood briguettes or pellets from wood industry residues

[Hide pathways 1114 | [Delete pathways 11-14]
Agricultural residues

Pellets from straw

Pellets from bagasse

Palm kernel meal

Sheets on LUC, IAM and N, O |lide pathways 15-18 | |De|eme pathways 1518|
Calculation of direct land use change (LUC)
Calculation of Improved Agricultural Management (Esca)

Calculation of N20 field emissions according to IPCC Tier 1
Calculation of N20 field emissions with GNOC

[Hide pathways 2122 | [Delete pathways 21-22]

About

Standard calculation values

User defined standard calculation values
User specific calculations

| [Delete pathways 15|

| [Delete pathways 6-10 |

www.biograce.ne

About

Hide patnway
Pure plant oil from rapeseed

Pure plant oil from sunflower seed

Pure plant oil from soybean

Pure plant oil from palm oil

Waste cooking oil

Animal fats from animal waste

Biogas/biomethane pathways Hide pathway
Biogas from wet manure
Biogas from maize

Biogas from biowaste
Biomethane from wet manure

Biomethane from maize
Biomethane from biowaste

Sheets on efficiency and final conversion Hide pathway
Calculation of net heat and electricity efficiencies
Final conversion only

Hide pathway
Calculation of default values for co-digestion

Calculation of actual values for co-digestion (biogas

Calculation of actual values for co-digestion (biomethane)

Please note that the orange buttons starting with “Hide” (and “Unhide”) and “Delete” can be clicked
causing that either sheets are hidden (unhidden) or deleted from the Excel file.

After these generic sheets, the user can find several calculation sheets dedicated to one precise aspect of
the calculation:

LUC sheet assesses the GHG impacts of possible Land Use Changes,

Esca sheet for carbon stock changes due to improved agricultural practices.

N,O emissions GNOC sheet estimates N,O emissions in accordance with the Global Nitrous Oxide

Calculator (GNOC).

N.O emissions IPCC sheet estimates N.O emissions in accordance with the IPCC TIER 1

methodologies?.

Bg-co-dig_actual sheet estimates the Production of electricity and/or heat, or cooling from biogas

from biowaste.

Bm-co-dig_actual sheet estimates the Production of electricity and/or heat, or cooling from

biomethane from wet manure.

Co-dig_default sheet calculates the default emissions for biogas or biomethane in case they stem

from co-digestion of different substrates in a biogas plant.

N

See the BioGrace-1I calculation rules document for explanations on why this model is recommended.



e Calculation efficiencies sheet is used to calculate net heat and electricity efficiencies.

e Final conv. only sheet enables a company who has bought biomass or any energy carrier, and wants
to use it for heat/electricity/cooling, to evaluate its final GHG emission reduction.

The user will then find the pathway calculation sheets. These sheets contain all the input numbers and
results for all the pathways in the scope of the tool, with one sheet per pathway, in the most transparent
way possible. The following example shows how a calculation sheet is built.
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calculation values

The two sheets: “User defined Standard Calculation Values” and “Standard Calculation Values”
present the generic data necessary for the calculations.

The “Standard Calculation Values” sheet includes the conversion factors used by JRC to calculate the
RED-II default values. These are (a) GHG emission coefficients, (b) Lower Heating Values (LHV), (c)
fuel use when transporting 1 ton of goods per truck, ship or train, and (d) CH4 and N2O emissions from
fuel combustion in trucks, ships, boilers, etcetera. The GHG emission coefficients are the emissions of the
main GHG gases associated with 1 kilogram or 1 MJ of input such as N-fertilizer or natural gas. Such



emissions include both combustion emissions as well as up-stream emissions for producing and
transporting these inputs.

The “User defined standard calculation values” sheet can be used in case the user wants to use
conversion values that are not included in the list of standard calculation values (see paragraph 4.3
detailing how to use the tool for this specific use). Please note that BioGrace has formulated rules on
when own standard calculation values can be used, these rules can be found in the BioGrace-ll
calculation rules.

R, - e om D

cad |_'E;i'i1"'1'1'0‘|‘551,1 Cooling 110!

nisey At nd alid
vy Heall

rmonite=s.
Ha C\_ﬁ'l_C.'ll'\gf

for El&

User Defined Standard Calculation Values

Parameter: Comments

unit:

User defined standard calculation values

Example 1: Diesel (from standard calculation values) 0,0 95,1
Example 2: Phosphoric acid (HiPO.) (idem) 2808,91! 11,3593 0,1067 3124,7
Example 3: Inland bulk carrier 8.8 kt (diesel) (idem) 0,0

Finally, the “User specific calculations” sheet is provided to keep track of all intermediate calculations
made by the user of the tool, and ease the work of the verifiers in case of certification supervision. Any
kind of calculation can be put in that sheet, such as conversion unit calculations.

2.1.3 Colour-coding of Excel cells in calculation sheets

The tool is built on the following simple colour—code for cells:

Diesel = 1,494 liter | t0Nuood chips, wet

White cells with red text are used for input numbers. The existing values are the ones used in the
JRC report. These cells can be changed by the user to test or to adapt any pathway making actual
calculations.

Fuel used in boiler or CHP | Epjter the kind of fuel

Some pathways contain yellow-coloured cells. The values in such cells must be filled out before
the calculation can be made. These cells occur in pathway configurations for which no RED-II
default values are available, for instance when selecting “Boiler/CHP on other fuel (act. calc.)” in
one of the wood pellet pathways or when making an actual calculation for co-digestion in the
sheet “Bg-co-dig_actual” or “Bm-co-dig_actual”.

0.537 t0Nwecd petiets netwet | LONER input,wet
0,058 KQuood pelets wetMdiwgod paiiets

Cells with grey background colour are used for calculations and information that should not be



changed (except when adapting a pathway by adding new inputs or modifying the standard
calculation value called (see the section on how to modify or add an input)).

o (O VIRV CRENE o R TN oETe e (o lV el Mool [o]¥] as well as cells with orange background colour
contain calculation results for a module or for an aggregation of modules.

2.1.4 “Track changes” button

In case a calculation is made that will be used to show the GHG performance of bioenergy as part of
demonstrating compliance to GHG emissions saving criteria, the function “track changes” must be left
on. On each of the Excel sheets for the bioenergy production pathways you can find (on the right, near the
top of the sheet under the general settings) an orange “button” which is named “Track changes: ON” or
“Track changes: OFF”. You should leave this button to “Track changes: ON” which is the standard
setting when you open the tool. This will cause that a change in a cell will be marked by a yellow
background-colour and a red box around the cell. This function keeps track of changes from the original
document, which will help the work of the verifiers in case of certification supervision. Please note that if
the button is changed to “Track changes: OFF” it cannot be put back to “Track changes: ON” again.

Further background: At this moment of time (when writing this user manual in September 2020),
the BioGrace-1I GHG calculation tool is used to demonstrate compliance to sustainability criteria in
Denmark and in The Netherlands. The evidence on compliance that is collected by energy companies,
is audited by certification bodies. The “track changes” option is valuable for auditors when auditing
actual GHG calculations made with the BioGrace-11 Excel tool. In fact, an auditor is advised to not
approve actual calculations that are made with the “track changes” function turned to “off”, see also
paragraph 2.1.2 of the BioGrace-II calculation rules.

2.1.5 Comment and help boxes in the tool

When you open the BioGrace tool, a popup box called “Help for the cell that is selected” appears (see
figure below). This box gives you all needed information to understand and manage the comments
included in the cells of the tool.
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Help for this cell

The cells with the red triangle in the right upper corner contain help texts. A help text - which is spedific for each
cell - will be displayed in this help box if you select such a cell.

(S R R

Itis possible to keep the window of the help box apen when working in the tool. To do so, you can maove this

help box to any location on your screen. You cannot resize this help box (Excel unfortunately does not offer this
function).

(== I I = ¢

If you do not want to show this help box any more, you can:
- either select a cell without a red triangle, which will cause this help box to disappear;
o - or dose it by the "dose button®™ at the bottom right corner (help box is hidden until selecting another cell
10 with a red tiangle);
- or by first ticking the tick box in the lower left corner before pressing the “dose button™ (this help box is hidden
11 permanently for all cells and all pathways until reopening the Excel toal).

18
19
20 [ Do not show this help box any more

21

As explained in the help box, comments appear with the usual format of Excel comments, as a small red
triangle in the right corner of the commented cells. These comments give:

e Explanations on how calculations were made, or
e Instructions on how specific cells or selection boxes can be used; and/or
o References to specific parts of this user manual or to the BioGrace-II calculation rules.

In order to make the BioGrace-Il tool more user friendly, it is possible to disable this help box. In such a
case, the help box will not appear anymore when selecting a cell with a comment. To be able to read the
comment again, the user has to save and close the Excel tool and reopen it.

2.1.6 Changes in version 4 as compared to version 3

In version 4 of the tool (including “version 4 — Draft”), a number of changes have been made as
compared to version 3. The most important changes are:

o The BioGrace-Il Excel tool now reproduces the default value calculations from RED-II and
version 2 (2017) of JRC report EUR 27215 EN, whereas the earlier versions 1, 2 and 3 of the
BioGrace-1l1 Excel tool reproduced the values from the report SWD(2014)259 and version la
(2015) of JRC report EUR 27215 EN.

e In version 4, the calculations are first made on the basis of tons of biomass, allowing to give
inputs in units familiar to biomass producers and owners of conversion installations such as pellet
mills. In a second step the tool converts calculated emissions per ton of biomass to the unit grams
of COg-cquivaient Per MJ of biomass, and in the top section the emission per MJ of heat and/or
electricity is calculated.

e Version 4 of the BioGrace-Il Excel allows the user to create a version of the tool with a limited
amount of pathways, either by hiding pathways or by deleting pathways (also causing that the file

10
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becomes smaller, i.e. less MB). See the screen-copy of the Directory page in paragraph 2.1.2 and
try by pressing the orange fields “Hide pathways” or “Delete pathways” in the Directory page of
the Excel tool itself.

2.2 Top part of the calculation sheets

2.2.1 Overview Results
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Detailed Actual values / RED-II Final energy & GHG Allocation factors
results Default values default values emission reduction & FFC’s & LHV’s

The upper part of each Excel sheet presents the results of the calculations performed in that sheet.
This upper part contains 5 main sections:

Detailed results: this section gives the step by step results before and after allocation. The aggregated
results in white text on green background correspond to the disaggregated default values from Annex
VI.C of the RED-II (or Annex V.D in case of bioliquids).

| Direct land-use change | = g =]
| Collection or cultivation | ;-_,_:> €.c €ec
| Transport raw material | — _ét; 7 T €gea
| Processing step 1 | > € \
|Tran5port intermediate product| — S /: eep
| Processing step 2 | — <

€ta
|Transport of final energy carrier| — =N}
Conversion to electricity/heat ——> e, . €

11



Several steps in the Excel calculation can fall under one disaggregated default value. For instance, in the
pathway “wood brigquettes/pellets from forestry residues” the three steps “Transport of forestry residues”,
“Transport of wood chips” and “Transport of wood pellets” step fall under the disaggregated default
value for “Transport & Distribution”. This is illustrated in the figure above.

Actual values / default values: Column E enables using a mix of disaggregated default values and actual
values for the remaining parts of the pathway. More information is provided in the textbox below.

RED-II default values and JRC report calculation results: column G gives the (disaggregated) default
values from Annex VI of the RED-II and the calculation results for each individual step from the JRC
Excel databases (see the sheet “About” in the Excel tool for details on the sources). The RED-II default
values were calculated from these JRC calculation results.

Final energy & GHG emission reduction: this part includes the GHG emission reduction achieved with
this bioenergy pathway as compared to the fossil fuel reference. This allows demonstrating that the
sustainability criteria on GHG savings are met. According to the final energy selected in the general
settings box (see 2.2.2 General settings), final results are presented in gram COz,eq per MJ of electricity
and/or in gram COz,eq per MJ of heat.

Please note that for biomethane pathways, the GHG emission savings can only be calculated when
someone takes the biomethane from the grid and produces heat and/or electricity from it.

Allocation factors & FFC’s and LHV’s: this part provides important data. The first information is on
the allocation factors for the whole production chain and/or for the CHP, if any. The allocation factor for
the whole production chain is only relevant for stakeholders that generate co-products during the
production chain. In such a case, the emissions of processing steps up to this separation point are split
between the main product and the co-product based on their yield and energy content.

The allocation factor for the CHP is only relevant for stakeholders that produce electricity and heat as a
final energy, i.e. users that have selected “Electricity and heat” as main output in the General settings box

(see paragraph 2.2.2).
The second information is the fossil fuel references used to calculate the GHG emission factors (see next

paragraph). The last information is the lower heating values (LHV’s) that are used for making
calculations in the pathway.

Please note: Use of disaggregated default values

Column E of the result module contains a number of selection boxes. They are here for implementing
the possibility provided for in article 31 of the RED-II, to assess GHG emission from disaggregated
defaults values (as given in Annex VI.C of the RED-II) of part of the bio-energy pathway, and actual
values for the rest of the pathway. The “A” of the selection box list means that the value used for this
step in column D is coming from the Excel sheet actual calculation. The letter “D” means that the
value used for this step in column D is coming from the disaggregated default values in the RED-II
which are presented in column G.

For instance (and with reference to the screenshot of the BioGrace-Il Excel tool at the start of this
paragraph 2.2.1): if you want to use the disaggregated default value from RED-II for the cultivation
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step eqc, then choose the letter “D” from the selection box list in cell E8 which is the first red-coloured
“A” of four shown in the screenshot above. The other red-coloured “A’s” should stay positioned on
“A” to get back actual values calculated in the modules below of the BioGrace Excel tool.

Please also refer to paragraph 2.4 in the BioGrace-1I calculation rules and paragraph 4.6 for some
further explanation on this choice between disaggregated default values and actual values.

Please also note that for bioliquids in the BioGrace-Il GHG calculation tool (a) there is no
disaggregated default value for “Emissions from the fuel in use e,”, and (b) the disaggregated default
value for transport is relatively high as it contains emissions from fuel distribution (at fuel distribution
pumps) for biofuels which do not occur in the bioliquids pathways. This is a consequence of the fact
that RED-II Annexes V and VI do not include disaggregated default values for bioliquids.

2.2.2 General settings

Each pathway contains a “General settings” box. When a user opens a sheet for the first time, a comment
box called “Please note!” appears (see below) to explain the purpose of the “General setting” box.

Please note! *

Please note !

When starting to use this Bxcel tool, you should first enter values in the "General settings" by choosing the main output, by entering
the conversion efficiencies and by choosing the most appropriate pathway configuration (note that boiler/CHP settings and transport
distances can always be adjusted to actual values further down this calculation sheet).

If you do not select the main output and enter conversion efficiencies, there will be no GHG emission reduction calculated for
electricity or heat, which is one of the purposes of this tool. The tool can then be used for information purposes and will give a result
in g CO2,eq per kg of energy carrier (for solid and liquid biomass) and in g CO2,eq per M] of energy carrier (for biogas and
biomethane).

[ Do not show this screen any more Close

As explained in the comment box, in order to calculate GHG emission reductions, the user must provide
the type of final energy produced (“main output™), the conversion efficiencies and, for some pathways,
also some further pathway configurations such as the type of boiler or CHP that provides heat for drying
the wood chips before these are pelletised, and the overall transport distance between the wood chip/pellet
producer and the end user. The conversion efficiencies can be calculated using the “Calculate
efficiencies” sheet (see paragraph 6.7 How to use the Calculate efficiencies sheet?). As explained in the
comment box, the most appropriate pathway configuration should be selected, but these configurations
can also be adapted with actual values further down the calculation sheet.
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General settings

rules must be respected. The rules are included inthe zip file

Electrical efficiency 39.0% Heat provision in pellet production:

(containing the complete tool) and alsa at www BioGrace.net

Conversion efficiencies Pathway configuration u When using this GHG calculation too), the BioGrace caloulation

+
[l Wood chip CHP [heat dim.)
(Mt Transport distance [pellets):

4
[] Birsct physical sunsteution af caal 500 - 2 500 km Track changes: ON

L] Heat k exported for heating af Sulidngs

Providing information on the final conversion (main output, efficiency of the process, etc.) makes it
possible to calculate the CO, emissions in the unit “MJ final energy” and to calculate an emission

reduction percentage.

Finally, also the “Track changes” button is part of the “General settings” box. The “Track changes”
button is presented in paragraph 2.1.4.

2.3 The “body of the calculation sheets: how the GHG calculations are made

2.3.1 The “Values calculated from complete pathway” box

In each pathway, calculations start with a box called “Value calculated from complete pathway”. This
box contains a number that corresponds to the overall yield for the total pathway. This number is used in
the calculations to convert “MJ feedstock™ into “MJ final energy carrier”.

A B c D E F G H J K L
35
36 | Calculation per individual step in the biomass supply chain
37
ki) Values calculated from complete pathwa

- This value is used in the calculations below to convert KGsassse into M.
The purpose of this box is to faciltate copying rows or steps from one pathway to another,

40 because this value is included in all pathways in cell C40.

41

47

As explained in the box, the purpose of this box is to facilitate copying rows or steps from one pathway to
another because these values are included in all pathways in cell C40 (more detailed information on
copying rows or steps are provided in chapter 3 “Function 1: Using the tool to learn how default values
were calculated”.

2.3.2 The “Consistency check” box

Each pathway ends with a “consistency check” box. This box aims at checking that calculations have
been made properly when the pathways have been changed. In the tool, the addition of results of
individual steps is made in two different ways. The check will result in “no” — which is a warning that
something is wrong — in case these two different ways lead to different results. Both the calculation of
unallocated emissions and the calculation of allocated emissions is checked.

Consistency check
Total emission without allocation

Total emission with allocation
Does the calculation for this pathway pass the conformity check?

End of pathway

A comment box explaining the purpose of this consistency box is provided in the “Yes” or “No” cell
placed at the bottom right corner of the box.
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I Help for the cell that is selected > F

Consistency check

This consistency check is espedially useful when new steps are inserted into the pathway or when steps are
deleted from the pathway. Such actions require adaptation of the top section (in which the results are
I calculated) and in the parts where an allacation is made (if any).

In this check, the unallocated and allocated results from the top section (where the overall results are given) are
compared with the two values in the two rows above (which alzo need to be recalculated when steps are deleted
4 andfor inserted). If the value in this cell is "Yes™ then the two results (calculated in a slightly different way) give
I the same value. If the value in this cell is "Mo™ then an error is still made somewhere.

This consistency check does not say anything about whether the calculations WITHIM steps are correctly made,
there is no way to make such a chedk. As a result, actual calculations should be chedked by verifiers wha should
look at all modifications made in the tool (which are marked when the option “Track changes”is left to "OMT).

Please note: if you have chosen to use one or more dissagregated default values, by changing one or more of
the A's in column E in the "Owverview results™ section into D's, then the result of this consistency chedk will always
be "NO" (the pathway is not consistent). If you would like to make this chedk, then turn the D's back into A's,
then check if the pathway is consistent and finally turn the Ds back into A's to complete your calculation.

Close

[ Do not show this help box any more

2.3.3 Presentation of a module

Each pathway is composed of several modules which correspond to different steps of the pathway.

L] L) - L] g
- Quantity of product Calculated emissions : L] Calculated emissions :
: Yield - Emissions per ton.... Wood chips u  "|Emissions per MJ wood chips g
" Wood ehips 0976 (0N unnd ki url {EONEE ey W0 EEZ 0N end siyasart F EONIR ey aCo: aCH, ahi0 - : E
= | Moisture content 302 B0075 et iyt = 5
L] - -

® | Energy consumption = : [ :
o] Diesal [EETR 31T wa— = " ]
™ CHy and M;0 emissions hom use of diesel (forestiy) - : L
u | Electricity EU fossil miz (0.4 k¥) XL — .. 1
- Extrainput lines are not shown a e
= L] = L]
. = e .
TR gvEEEEEEsssEssssssana’ NEP  cEEEEEEEE GoummEt RS P S

.
. o* et ¢,¢‘ %ee*
*
Input Data Intermediate Calculation GHG calculations and Results in another unit
or Information results

A module contains the following data (see figure above):

Input data: the left hand side shows the main technical information of the process step modelled in the
module.
e Names and quantity of inputs, of yields, etc, are given here. Three main types of input data are
listed in the module:
o Yield of the step, using the appropriate unit. These yields are given for the main product,
and also for all the existing co-products. If no co-product is mentioned then this means
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that this step does not have any co-product. In the calculations, the moisture content of
the material is taken into account.

o Energy consumption (for instance electricity, heat and diesel consumption). Heat or
electricity can either be provided from external sources or come from a boiler or a CHP
to be included in the calculation. In case a boiler produces surplus heat and/or electricity,
emissions will be allocated to the surplus heat and/or electricity. Such calculations on
boilers and CHPs are further explained in paragraph 2.3.7.

o Other inputs such as chemical, transports, etc.

e Units: this is key information to take into account. Beware that the units are given either in kg,
MJ or (for diesel) in litre of products. As explained in paragraph 2.3.5, units used in the tool
should not be changed.

Intermediate calculation information: some relevant information is given in the central part of the
module (columns E, F and G). They are helpful to give easier understanding of some calculation stages.
They can also provide intermediate calculation useful for further parts of the tool. In this example the
quantity of product (e.g. in ton wood chips per ton forest residues) and intermediate yield data appear.
The first factor (e.g. ton wood chips per ton forest residues) is the so-called “Feedstock factor” as defined
on page 4 of the European Commissions’ document “Note on the conducting and verifying actual
calculations of GHG emission savings, version 2.0”.

GHG Calculation and results: the right side of the tool is the calculation part. The global warming
potentials for the three main gases are taken from the "Standard calculation values™ sheet. In this part the
results are expressed in the unit g CO,.q per ton of intermediary product (including moisture).

Results in another unit: the results are recalculated in the unit “gram COg,equivalent Per MJ of energy
carrier (such as wood chips, wood pellets or Pure Vegetable Qil) as this is the unit required for a
comparison with the RED-II disaggregated and total default values.

2.3.4 Final conversion (production of electricity and/or heat)

In all solid biomass and bioliquid pathways the last module of the pathway is the final conversion (see
figure below). In this module N20 and CH. emissions caused by the combustion of the final energy carrier
into the final energy are calculated.

When making actual calculations, the “Factor from typical to default values” should be “1”. The CH4 and
N2O emissions are already provided for some combinations of “type of fuel in end conversion” and “type
of end conversion”. If a combination is not provided, then the calculation will result in an error (“#N/B”,
this can be different in different language versions of Excel). If so, the user must define the CH4 and N2O
emissions related to his process using the “User defined standard calculation values” sheet. Further
explanation is provided in paragraph 4.3 of this user manual.

ik51 Final conversion (CHs and N2O emissions only)
Type of fuel used in end conversion Wood chip
Type of end conversion " Boiler

Factor from typical to defautt values 1,2
Include following emissions " CH4 and H20 emissions from Wood chip Boiler

9 COzeq [ 10M,y00 antps et 6.601 9 COzq f Moo anigs
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2.3.5 Units used

A major point of attention is that the tool is designed with all the data associated to specific units.
Therefore, to avoid any calculation errors, changing units is not permitted; instead the user should convert
his/her data collected into the units that are used in the tool. For each input consumed during the life
cycle, the quantity of input is converted in the quantity needed per MJ of final energy carrier. This
quantity is then multiplied by the global warming potentials for CO,, CH, and N-O which results in CO--
equivalents per MJ of final energy carrier. Then the final conversion (see paragraph 2.3.4) enables to get
all emissions per MJ of final energy.

In the previous version 3 of the BioGrace-1l GHG calculation tool, “Assistance with unit conversions”
boxes were provided. In the current version of the tool these boxes are no longer available as the tool has
been set-up with a different functional unit (tons instead of MJ) which will strongly reduce the need for
unit conversions when entering actual data,

2.3.6 N:0 emissions due to crop cultivation

For pathways with crop cultivation, field N2O emissions are to be taken into account in the GHG
calculation of your product. These emissions mainly occur during the crop production step because of
soil’s microorganism’s activity. In each pathway, during the crop cultivation step, field N,O emissions
are to be calculated.

4
45 Yield

45 Corn/Maize whole crop 40,756 ton ha™ year” i
47 Moisture content 65,0%

48

45 Energy consumption

s Diesel 104,32 fter ha! year”

51
52 CH, and N-O emissions from use of diesel (agriculture)
53
54 Agro chemicals

55 Synthetic N-fertiiser (kg N} 63,2 kg N ha'year?

56 Manure 0,0 kg N ha”year?

57  Biogas digestate 123,86 kg N ha year®

cg CaO-fertiliser (calculated as kg CaCO;) 279,6 kg CaCO; ha”' year?

sy K.D-fertiliser (kg K.0) 24,0 kg K.0 ha year”

50 PO fertiliser (kg P.Os) 38,5 kg PoOs ha” year”

61 Pesticides #,7 kg ha” year?

62

63 Seeding material

64  Seeds-com 25,0 kg ha year”

65

66 Emissions from the field

57  Field CO; emissions (acidification) 62,0 kg ha' year"

]

69 Field emissions 4,66 kg ha 1

I —— e
71

7> T

In the tool, two models are used to evaluate N,O field emissions: the Global Nitrous Oxide Calculator,
GNOC (see paragraph 6.3) and the IPCC TIER 1 methodology (see paragraph 6.4). A specific sheet has
been provided for each method of calculation.

The GNOC is an online calculator (http://gnoc.jrc.ec.europa.eu) developed by JRC, that shall be used to
estimate N,O field emissions for all the types of crops available in the model (see the list of crops in the
online tool). For other types of biomass such as jatropha, energy grass and short rotation forestry (poplar
and eucalyptus in the tool), calculations following the IPCC TIER 1 methodology shall be used. See also
paragraph 3.1 in the BioGrace-II calculation rules.
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A link to the sheets “N20 emissions GNOC” has been placed right below the cell where the information
about N2O field emissions should be provided (see figure above). Within the GNOC sheet, a link to the
IPCC sheet is placed.

2.3.7 GHG emissions from boilers and CHP

For pathways using heat in their process (e.g. most pellets production pathways) several configurations
regarding the source of heat can be selected by the user of the tool. For pellet pathways, the user can
choose between five configurations (see figure below) according to the process (boiler or CHP), the type
of fuel (wood chip or wood pellet) and the possibility to make actual calculations.

£y

26 \General settings

27
28 Conversion efficiencies Pathway configuration
29 [ Electricity Heat provision in pellet production:
30 [ Heat Wood chip boiler -
- Natural gas bail
31 L] Electricty and heat Wood chip boller
. . L ¥ Wooed chip CHP (heat dim.)
32 (] pirect physical substitution of coal Wood chip boiler/CHP (act. calc)
455t o o e o Boiler/CHP on other fuel (act. calc.)
33
34

When the user selects a configuration, the related processing step (e.g. Wood pellet/briquette production)
is be automatically adjusted to fit the selection. The part of the process that is specific to the configuration
selected is coloured in light grey in the process (see figure below).

Wood pellet/briguette production Quantity of product Calculated ¢
Yield Emissions pi
Pelletizing efficiency 0,990 tonyoogpenomrdrs 19M0ooachid  H20 WOMyanspatterries | OPRR gt er aCo;

in other units [wet tan per wet tan] L350 tonpodpoiiotruet PO gad okl L0595 kO pdpeiterruet 1 and pellen
Maisture content of wood pellets produced 1022
Maisture content of wood chips [before drvil 50z
‘whood pellets divided by zll incoming chips DLAS0 oMo g ellerryet | PO G agd shipr et
Factor from tupical to default values 1.2

Energy consumption

Elzctricity lincluding input inta boilerCHP B934 Moy polleer et [emizzions are caloulated below the light grew boiler!CHF bow)

Diesel 0,954 liter  bONyand pellosrue [internal transpart] =905

CH4 and M:0 emiszions from use of diesel [transport] -

Heat T7E0.0 MU boruygaed chiprta ko dricd

Swhood chip boiler 1 Emizsions wood chip bailer included in final results Emizsions from

Thermal efficiency af wood chip bailer B0 20 M T g i)

‘whood chips to be fired in boiler are: dried Click here for infarmation on salsulation strateqy

‘wood chip moisture content S0

LHV_wet wood chips 35000 M 000 chipe et

Fraction D273 10N g ad chipraset- tabailer | "0 uand chipr et - tapollotr See the user manual [paragraph 2.3.8] for mc

‘w'ood chips consumption in bailer (LA0T OM o chiprwet-ta bailer | 0N uogd pollote ot

‘whood chip consumption overall 2,325 WOM g od chipretavorall | 'O aad pollots et Thiz is the woad chip consumption due ta (il p

CH4 and N:0 emiszions from wood chip boiler =

Electricity use in bailer Mo input needed as the electricity use in the boiler iz alkeady included in the electricity use given aboue

I S i i . iler]

Electricity EU fossil mix [0.4 kW] 3534 MU oy d polir e 191.255
Extrainput lines are not shown Total RS
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Information on the calculation strategy can be found in the orange box or in the document BioGrace-I1|
calculation rules.

In the pellet/briquettes production pathways, the pathway configuration allows to choose between three
different configurations. Configuration 1 is when the incoming wet wood chips (moisture content of 50%)
are dried using heat generated in a natural gas boiler. Configurations 2 and 3 are when the incoming wet
wood chips are dried with heat (and electricity) generated in a wood chip boiler or CHP. The BioGrace-I1I
Excel tool further allows to choose “Wood chip boiler/CHP (act. calc.)” which is different from
configurations 2 and 3 as it allows to alter the dimension of the boiler or CHP which in configurations 2
and 3 is given (the boiler/CHP is then dimensioned to the heat demand of the wood chip dryer). The
remainder of this paragraph is on configurations 2 and 3. It describes the calculation for a wood chip
boiler (configuration 2), the calculation is the same for a wood chip CHP (configuration 3).

In configuration 2, part of the wood chips are combusted in the boiler to generate heat for drying the
wood chips before they are pelletised. This makes the calculation somewhat more complicated.
Therefore, this paragraph of the user manual explains how the “fraction X (see screenshot below) is
calculated for two situations: (i) the wood chips to the boiler are not dried, and (ii) the wood chips to the
boiler are dried together with the wood chips to be fed into the pelletiser.

1uLdl EIU\.UI\.IL! LD 1 WU EIIUL HWULLIUH Eu}l LU LElNDDIUlls Ui Uuse Ul giel

Electricity EU fossil mix (0.4 kV) ! 0,0 MJ / t0NWood chips to be drid " - " -

Wood chip boiler r 1 Emissions NG boiler included in final results Emissions from wood chip

Thermal efficiency of wood chip boiler 85,0 % (MJpzat / Minatursl gas)

Wood chips to be fired in boiler are: dried Click here for information on calculation strateqy |

Wood chip moisture content r 50%

LHV_wet wood chips " 9500.0 MJ / tonwees chips wet

Fraction X r 0,279 t0Nuood chips,wet - to baiter / 10Mwsod chips wet - to peliets See the user manual (paragraph 2.3.8) for more details on

Fraction X - alternative calculation " 0,279 10N ood chips wet - to boder § 10Muood chips wet - io peliets (alternative calculation as explained under e

Wood chips consumption in boiler r 0,507 t0Nugod chips,wet - to boiler { 10N wood pelists wet i

Wood chip consumption overall " 2,325 t0Nwood chips,wet,overall / 10MNwood pellets wet This is the wood chip consumption due to (i) pelletising effi
r

CH4 and NzO emissions from wood chip boiler |

= TP T T N SN T T SRR PDNPOL VIS ST S T PRS- DO TN S TN TR [t T U D SN IO

The boiler or CHP requires an additional demand for wood chips as compared to case 1 (natural gas
boiler). How much wood chips are extra required depends on the efficiency of the boiler, which on its
turn depends on whether the boiler is fed with dry, or with wet wood chips. Therefore the BioGrace-II
Excel tool allows to make both calculations, which are explained in some more detail:

i) Wood chip boiler on wet wood chips

Boiler
X ton
Heat
Wet wood chips 1ton Dry wood chips
Chip dryer Pellet mill

In the calculation, the fraction of extra wood chips needed for drying (as compared to 1 ton of
wood chips entering the dryer) is calculated from the amount of heat required to dry 1 ton of wet
wood chips (H, in MJheat / t0Nwood chips to be dried), the efficiency of the wood chip boiler (npoiler in
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M\]heat/M\]heat content of wood chips combusted) and the heat content Of WOOd ChipS (LHVwood chips in M\]heat of
wood chips combusted / tONwood chips combusted). 1N this case, the calculation is simple:

Fraction X=H / ( Nboiler = LHVwood chips), W|th Unit tonwood chips combusted in boiler / tonwood chips to be dried.

i) Wood chip boiler on dry wood chips

Boiler

Heat

Wet wood chips 1+Xton Dry wood chips
Chip dryer Pellet mill

This is a more complex calculation, as also the X ton wood chips that are combusted in the boiler
are first dried in the chip dryer. There are two ways in which the fraction X can be calculated.

a) By considering that the amount of heat required for the drying now becomes (1 + X)*H.

This will give the formula X = (1 + X) * H / ( jpoiler * LHVwood chips)-
This can be rewritten into Fraction X = H / ( ooiter * LHVwood chips - H).

b) By considering — if the extra amount of wet pellets to dry 1 ton of wet wood pellets is H / (
nboiler * LHVwood chips) — that then the same formula needs to be applied to this amount
too, because this amount needs to be dried as well. This will require an extra amount of wet
wood pellets of (H / ( nboiler * LHVwood chips))*2. However, this extra amount needs to
be dried too, which requires an extra extra amount of wet chips of (..)"3, etc., etc.

So the amount of wood chips that are needed for the dryingis (..) + ()2 + (.)"3+ ()M ..
etc.

The two solutions (a) and (b) above give the same numerical outcome, as is shown in the Excel
tool.

Please also note that:

1. The thermal efficiency npoiler Will probably be higher in case (ii) when the wood chips are first dried
as compared to case (i) when wet wood chips are burned in the boiler.

2. In this calculation there is no need to define the moisture content of the dried wood chips. For
increasingly wet wood chips an increasingly high H is needed. In the calculation, both H as well as
the moisture content of the incoming wood chips and the moisture content of the produced wood
pellets need to be entered. These values need to be consistent.

Last but not least, the user can also select to make a calculation for either “Wood chip boiler/CHP (act.
calc.)” or “Boiler/CHP on other fuel (act. calc.)”. In that case the calculation can only be completed if the
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Synthetic N-fertilizer (kg M) 63,2 kg M ha' year” " osms 3" af 7.004
Manure 0,0 kg N ha™ year” " = " i -
Biogas digestate 123,% kg M ha'year? " - " r -
Ca0-fertiliser (calculated as kg CaC0.) 2796 kg CaCO, ha ' year? " o5a 7 o7 ol 268
K;0-fertiliser (kg K.0) 24,0 kg K:0 ha” year” " 245 " " r 245
P.O--fertiliser (kg P:Os) 38,5 kg P;0s ha' year' - " - 512
Lo Pesteides 6T kohalvea | | ... s’ 27 of 19| _

user adds two rows of values in the sheet “user defined standard calculation values”. If for instance the
user indicates in the tool that the boiler/CHP fuel is “bark”, then the user must include in the sheet “User
defined standard calculation values” the three emission factors for provision of bark (in g CO, / MJ bark,
g CH4/ MJ bark and in g N2O / MJ bark) and values for the CH4 and N>O emission from a bark-fired
boiler or CHP. Not adding these numbers will cause that the tool indicates that an error is found as the
corresponding standard calculation values for “Bark” and “CH, and N,O emissions from Bark’ cannot be
found. See also the paragraph below on how these numbers are found in the tool.

2.3.8 Using standard calculation values through the Excel function

« »
VLOOKUP
Cultivation of maize Quantity of product Calculated emissions
Yield Emissions per ton,.; Maize whole crop
Corn/Maize whole crop 40,756 ton ha' year” " 1,00 ton, sz | 10T e g CO; g CH, g N0 GC0z oy
Moizture content 65,0% r 0,268 KOyatre whcse cron § M zscgan:
Energy consumption
Diesel 104,32 [fiter ha™ year” " grm " - - I 8729
P - - r r r r r
CH, and N0 emiszions from use of diesel (agriculture) 24106879 - 0 0 29

Agro chemicals

In this example, the agrochemicals needed for the cultivation step of maize are shown on the left, in kg
per hectare and per year. On the right part the emissions of greenhouse gas per wet ton of maize are
calculated, using conversion formulas in the cells.

This calculation relies on the match between the name of the inputs (“Synthetic N-fertiliser (kg N)”,
“K,O-fertiliser (kg K20)”, etc.) and the names in the “Standard calculation values” sheet. Excel formulas
are used to call the right GHG emission coefficients for each input (formula “VLOOKUP” in English®). It
is therefore required to use the appropriate name of input/output if one changes an input value in the
calculation sheets. For instance, if the user wants to use an own standard calculation value, this value has
to be created in the sheet “User defined standard calculation values”, and the same name must be used in
the calculation sheet. Moreover, it is important to make sure that the units of the input values are the same
as the units of the standard calculation value. Please note that — were in the tool emissions are calculated
for diesel use - a conversion from liter to MJ is included in the formula’s.

8 or “VERT.ZOEKEN” in Dutch, or “RECHERCHEV” in French, or “SVERWEIS” in German language respectively
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3 Function 1: Using the tool to learn how default values were
calculated

The BioGrace-Il tool makes transparent how the RED-II default values were calculated. For each
pathway of production, a dedicated Excel sheet presents the details of the default value calculations.

The list of the pathways can be found in the “Directory” sheet with links to the pathway sheets. All
calculations are presented step by step, following the well to wheel approach.

Looking in detail at a calculation sheet provides information on how the calculations were made and on
how the methodology from RED-II Annex VI1.B was applied. For instance and without being exhaustive,
you can find detailed information on the following issues:

e Which steps and inputs have been taken into account in the RED-II default value calculations:
o The different steps encompassed and the way they are modelled (e.g. has the transport of
bagasse pellets been taken into account in the RED-I1 default value?);
o All the different inputs taken into account for the calculation (and conversely, one can
deduct the inputs not taken into account);

e Input quantities taken into account, for instance yields (for cultivation and processing steps),
energy consumption, chemical consumption, distance, etc. It is possible to click on each cell in
order to see if the number is a raw data figure or if it is a calculated value (the formula is then
visible) ;

e Standard calculation values used for calculating default values, like LHV, the GHG emission
for producing and using one MJ of natural gas, etc.;

e How energetic allocations are made (see the allocation module for this as well as the
calculation rules);

e How surplus electricity and/or heat is taken into account (see the exergy calculations for
detail examples);

e Intermediate calculations, in column E, where all the yields are expressed;

e GHG emissions as calculated from the input numbers, in columns I, J and K, respectively for
CO,, CH4 and N2O;

e The difference between typical and default values: default values correspond to conservative
estimations of GHG emissions which are calculated by multiplying typical values by a factor (1.2
or 1.4 depending on the pathway considered). For more details please consult the “About” sheet
in the Excel tool;

e Specific emissions calculated in modules at the end of each Excel sheet: annualised emissions
from carbon stock changes caused by land use change, CO; storage, etc.

An overview box, summing up all the results, can be found at the beginning of each Excel sheet.

For most of the default values listed in the RED-II, the corresponding calculation in the BioGrace-1I tool
gives a result that comes very close (deviation less than 0.05 g CO2,ei/MJ).
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4 Function 2: Using the tool to calculate an actual value

The BioGrace-Il tool allows economic operators to adapt the default value calculations for available
pathways. It could thus be used for setting up calculations of own actual values.

The following chapters give a step by step tutorial on how to adapt an existing pathway for several
situations:

e Changing input data ;

e Using the result from previous and partial GHG calculations ;

e Adding specific standard calculation values for existing inputs ;

e Adding new input in the process ;

4.1 Modifying input data

Calculation sheets of the BioGrace-Il tool allow economic operators to calculate an actual value for
existing pathways. This adaptation can be performed by changing the input values in the appropriate
calculation sheet.

You should first take notice of the document BioGrace-Il calculation rules which includes a specific
chapter "Use of starting values in the BioGrace GHG calculation tool". Complying with these rules, you
can modify the value of all white cells.

In order to keep track of these changes, we recommend to keep “Track changes” turned to “on”.
On each of the Excel sheets for the bioenergy production pathways you can find (on the right, near the top
of the sheet under the results) an orange “button” which is named “Track changes: ON” or “Track
changes: OFF”. For calculations performed as part of a scheme you should keep this button to “Track
changes: ON” (see the document BioGrace-Il calculation rules). This will cause that a change in a cell
will be marked by a yellow background-colour and a red box around the cell. This helps to keep track of
changes from the original document which will be helpful for any certification supervision of any actual
value certification.

Specific attention has to be paid when the input numbers are available in a different unit. The new value
has to be expressed in the exact unit mentioned in column D. Please, also check the obtained result for
any error or inconsistency.

Two examples of making actual calculations are:

1. The screenshot below demonstrates how actual values for energy input and efficiencies have been
used to make an actual calculation for a pellet mill located in The Netherlands. The energy input
values stem from actual readings from the pellet mill site (they are the annual electricity and natural
gas use, divided by the annual production of pellets in tonwe). Please note that — in order to be allowed
to make an actual calculation — also the input values in the step “Chipping” in this pathway “Pe-Fr”
must be replaced by actual input values. In this example, the user of the tool did not know the actual
amount of heat, and has therefore inserted the text “Heat (value is overwritten by NG value below)”.
The amount of natural gas in the boiler was measured by the user, this value was entered. In this
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configuration (a natural gas boiler) this is an appropriate solution. However, in case of a wood chip
boiler or wood chip CHP, the amount of heat is also needed to calculate other numbers, and in such a
case the user must calculate the amount of heat generated by the boiler or CHP from its fuel input and
its efficiency.

Wood pellet/briquette production Quantity of product Calculated emissions

1 Emissions NG boiler included in final results
[ 590]% (Waase/ M)
1,743 10N crizm wes /10 Mios e e
4122 21MJ [ ton, 272067
CH, and N0 emissions from NG boiler
Electricity use in boiler Mo input needed as the electricity use in the boiler is already included in the electricity use given above

Grid electricity (MV) - Netherlands

LPG
Ho emissions

Ho emissions

Ho emissions
Extra input lines are shown’

Result g CO4 g ! 10N wa0d penets et 401.673

2. The screenshot below demonstrates how extra transport steps can be added. This is an example on
bagasse pellets that are used at an inland location in Europe, requiring extra transport per inland
bulk carrier and per truck. Please also note that the yield number of “1,000” and the names of the
fuels “Diesel” and “Heavy fuel oil” have been filled out again (the values were exactly the same)
as to indicate that in this case these are actual values.

Transport of bagasse pellets Quantity of product Calculated emissions

Inland bulk carrier 8.8 kt (diesel)
Truck (40 ton) for liquids and pellets (Dieg

Result CO; . / 10Ngagasss pansts wst 90.476
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4.2 Using the result from previous and partial GHG calculations

Calculation sheets of the BioGrace-I1 tool allow that GHG calculations are made for part of the bioenergy
pathway and — after verification — are used as input in a new calculation for the rest of the bioenergy
pathway. These inputs can take into account individual or multiple steps.

Note that the sheet “Final conv. only” has been created for companies that buy ready to use energy
carriers and transform them into final energy. This sheet will allow them to calculate the GHG emission
reduction (see paragraph 6.5 How to use the “Final conversion only” sheet?). Specific calculation rules
for using the result of previous and partial GHG calculations are available in the document BioGrace-l|
calculation rules. These rules must be followed.

General information and requirements when doing such modifications:
e The results of previous calculation shall be expressed in g CO,eq per ton of wet feedstock.
e Changing such a value will overwrite all values and calculations in that step.
e Changes shall be made also to the result module at the top of the sheet (see examples below).

There are two different kinds of values that can be entered (see also the examples on the next page):

1. One or more unallocated results for individual steps

e Step 1: Result(s) for individual step(s) shall be entered in the cells with white background colour
in column L for the corresponding step.

e Step 2: In the result section of the pathway, it shall be indicated in columns E and F that an
“individual result from a previous calculation” has been inputted, causing the result line(s)
(columns A-F) for the individual step(s) in question to become orange-coloured.

2. One result for multiple steps.

e Step 1: One combined result for more than one step shall be entered in the cells with white
background colour in column L for the last step in the combined result (so the combined result for
cultivation, chipping and transport of chips is put into the result in column L for the step
“Transport of wood chips”).

e Step 2: In the cells with white background colour in column L for the previous steps that are
included in the combined result, the value “0” shall be entered.

e Step 3: In the result section of the pathway, it shall be indicated in rows E and F that a “combined
result from a previous calculation” has been inputted. This shall also be done for all the previous
steps included in the combined result, causing the result lines (rows A-F) for these steps to
become orange-coloured. Land use change (el) as well as improved agricultural management
(esca) shall be considered to be steps different from cultivation and as a result the combination of
“cultivation” plus “land use change” as well as the combination “cultivation” plus “improved
agricultural management” shall be considered to be multiple steps.

e Step 4: If a co-product is formed in one of the steps included in the combined result, then in the
BioGrace-1l Excel tool the allocation factor for this step shall be set to 100% towards the main
product and 0% to the co-product. This shall be done by entering the value “100” for the related
factor placed into the “Allocation factors” box which is situated on the top of the sheet at the right
of the result section. This has to be done as the allocation of emissions to co-products in done
when calculating the previous result, and must not repeated in the BioGrace-I1 Excel tool.
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Step by step example: for one or more unallocated results for individual steps

This example explains how to use the result from an individual calculation for “cultivation and harvesting of stemwood”
step in the “wood pellets/briquettes from stemwood” pathway in the BioGrace-1I calculation tool. The unit of the result
provided is in g CO,¢q per ton of stemwood. This could happen in practice to a company responsible for transport and
chipping of stemwood, which gets stemwood for which a calculation has already been made and verified. Please note
that in this example there was no land use change and no improved agricultural management.

To use the result of the individual calculation for “cultivation and harvesting of stemwood”, the following steps must be
performed:

e Step 1: The result for the “cultivation and harvesting of stemwood” step shall be entered in cell L56.

Cultivation and harvesting Quantity of product Calculated emissions
Yield Emissi per ton,,.; St d
Stemwood (Pine) Give value ton ha™ year” 1,00 tonStemwood ye; / 10N ssmuoon g wer g COy g CHy g N O gCOz g
Moisture content 50,0% 0,109 KOssermmmoomwes | Mwooa pesiess

Energy consumption

Diesel 2,82 liter / toNsmmuocame: 9.631 - - 9.631
CH, and N;O emissions from use of diesel (agricutture) (harvesting and chipping) - 0,08 0,32 99
Total 9.631 01 0,3 9.729

Result g CO0s.. ) 10N gem jooamet 9.729 I

When selecting this cell, a help box appears (see below) which provides more details on how to use the results
from previous calculations.

This cell allows to input a result
of a previous and partial
calculation. A value entered will
overwrite the more detailed
calculations in this step. Please
refer to the user manual (5§ 4.2)
for further instructions and
exarnples,

e Step 2: In the result section at the top of the pathway, the value in cell E9 should be put to “Individual result of
previous calculation” using the dropdown list. When selecting cell E9, a help box appears to explain the
purpose of this cell and how to select the right value within the dropdown list.

Help for the cell that is selected >

Indicate use of previous result

This cell allows to indicate whether for this step the result of a previous and partial calculation has been inputted in the
corresponding cell with white background colour in column L in the section "Calculation per individual step in the biomass
supply chain® below.

Indicating that a previous and partial calculation has been used will cause that columns A-F of this row are marked with an
orange badkground colour. Doing so allows to easily see that the calculation has been based on a previous and partial
calculation and that this excel sheet is used to complete the GHG calculation for the other steps in the pathway.

When a verifier will chedk this calculation, it is obligatory to indicate using this cell that the result of a previous and partial
calculation has been used in column L.

Please refer to the user manual for further instructions and examples.

The line should then become orange-coloured (see figure below).
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Energy carrier (including emissions from the fuel in use)
All results in Non- allocated Total Actual/ Default values
7 g CO2.eq / MJ wood peliess results (allocaled results)  Default RED-II

- - -ul“v.‘:m‘e —_—— -

2
3 {

4 Overview Results
5

6

LI Processing e,

i/ Emissions from the fuel in use e,

18 |CHy and N2O emissions at final
SLIEN Land use change e, or e,
20| [ELLUES

Step by step example: for one value including multiple steps

This example explains how to use the result from an individual calculation for all the emissions that occurred at the
“cultivation and harvesting of stemwood” step until the “transport of woodchips” step (also included), in the “wood
pellets/briquettes from stemwood plantation” pathway. The unit of the result provided is in g COz,eq per ton of wood
chips. This could happen in practice to a company which produces pellets from wood chips. To make the calculations,
the following steps must be performed:

e Step 1: The value must be put into the result in column L for the step “Transport of wood chips” (i.e. cell
L118), since it is the last step in the combined result. In this example a value of 17.380 g CO2,eq/ton of
woodchips is entered, this value is the sum of the emissions for cultivation and harvesting, transport of
stemwood, chipping and transport of wood chips.

A B C D E F G H | J K L M
Extra input lines are not shown

Result g CO2,eq / t0Nwiood chips.wet

Transport of wood chips Quantity of product Calculated emissions
Yield Emissions per ton, Wood chips
Wood chips 1,000 toNyood chips wet / 10Micos chig 0,976 tonwood chips wet / 10NStzmwood input wet g CO; g CHg g N:O
Moisture content 50,0% 0,106 kQwizod chips,wet / Mdiisod peters

gC0ze

Transport per (Emissi are d for port of 1 ton of wet wood chips)
Truck (40 ton) for liquids and pellets (Diesel) 120 kkmi 120 toNyeod chips.wet KM / tOMyood chips wet 9.968 0,44 0,19

Fuel Diesel
Extra input lines are not shown Total 9.968 0,4 0,2

10.037

10.037

Result g CO3 eq / tonwood chipswet

1

e Step 2: A “0” is put into the cells with a white background colour in column L for all the previous steps that are
included in the combined result: i.e. cells L56 for “Cultivation and harvesting”, cell L77 for “Transport of
stemwood”, and cell L95 for “Chipping” of stemwood.

e Step 3: In the result section of the pathway, the value in cells E9, E11, E14, and E15 should be put to
“combined result from a previous calculation” using the dropdown list. The lines become orange-coloured (see
next figure). Also for e; and for e it shall be indicated in cell E19 that a “combined result from a previous
calculation” has been inputted, as to indicate that land use change was already included in the calculation (even
if it did not occur, the value for land-use change was then “0”).
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Overview Results
Energy carrier (including emissions from the fuel in use)

Cultivation and h: 0,00 0,00 Combined result of
Processing e, 0 6 A
Chipping 0,00 0,00 Combined result of
Wood pellet/briquette 29,58 29,58 -

SpOo d 0 A
Transport of stemwood 0,00 0,00 Combined result of
Transport of wood chips 1,85 1,85 Combined result of
Transport of wood pellets 8,44 8,44

ssions fro = Se € 0 D
CH, and NzO emissions at final conversion 0,30 0,30

Combined result of pr

B0 0,0 0,0 Ind'rvidual.resun of previou|
- - 0.0 0.0 ombined result of previo
Totals 40,2 40,2

M

Please note that, as in this way you have made actual calculations for some transport steps and for one of the
two processing steps, you shall also make actual calculations for the other processing steps (in this case “Wood
pellet/briquette production”) and for the other transport steps (in this case “Transport of wood pellets”). For the
emissions from the fuel in use e, you can chose a disaggregated default value, like shown in the screenshot
above by the value “D” In cell E17.

Please also note that the sheet “Final conv. only” should be used in case the previous GHG calculation includes
the whole biomass production pathway but not yet the final conversion. It includes the last transport step to the
final conversion plant. The more specific pathways (such as “wood pellets/briquettes from forestry residues”
should be used if at least the final transport step was not yet included in the previous and partial GHG
calculation. This is the reason that in the screen copy above no input is foreseen in cells E16/F16.

4.3 Adding specific standard calculation values for existing input

Standard calculation values are used to convert input numbers into greenhouse gas emissions. The tool
applies the same Standard calculation values that the European Commission has used for calculating the
default values. However, users can define their own Standard calculation values and use them in the tool.
In order to do so, the dedicated Excel sheet named “User defined Standard calculation values” should be
used as the Excel sheet “Standard calculation values” is protected and cannot be changed.

Adding new standard calculation values requires applying the following principles:

The name given to the added input in the sheet “User defined standard calculation values” should
be different from all the existing names of column C of the “Standard calculation values” sheet;
The name of the standard calculation value, once defined, has to be written exactly in the same way
in calculation sheets where it is used;

The formulas in columns I, J and K of the calculation sheet have to be checked. In some cases the
column position of the LOOKUP function must be modified to give correct calculation outcomes.

Sources of the data shall be clearly stated (see the BioGrace-II calculation rules)
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Step by step example:

The user wants to add a specific standard calculation value for a specific fertiliser instead of using the N-fertiliser standard
calculation value pre-defined in the tool. The following example corresponds to the modification of the standard calculation
value used for the N-fertiliser used for the production of electricity, heat or cooling from biomethane from maize.

For that, the following steps must be performed:

e Step 1: first, get to the “User defined standard calculation value” sheet. This sheet is framed exactly the same as the
“Standard calculation value” sheet.

User Defined Standard Calculation Values

1 2 3 4 5 3]

Parameter: Comments GHG emission coeffi

unit: gCOx/kg gCHJkg gN:O/kg gCO../kg gCO4/M
r defined standard calculation values
ulation values) 0,0 95,
em) 7808,9 11,36] 0,1067; 3124,7
Example 3: Inland bulk carrier 8.8 kt (diesel) (idem) 0,0
0,0
0,0
0,0
0,0
4« | Bg-Mze | Bg-Bw | Bm-wha | Bm-Mze | Bm-Bw | User specific calculations | User defined Stand.Calc.Values rstan(

e Step 2: Write the name in the first available free line of the standard calculation value in column C ("N-fertiliser -
Userl"). Make sure that the given name is different from any other of your added values and of the "Standard
calculation values™ sheet.

e Step 3: Add your own values in the columns with the appropriate unit (from column E to Q). If you have a unique
value in g CO2¢q (and not in CO2, CHa, N2O), then fill out column E or column | in g CO- as the columns H and L,
with unit “g CO»eq” are calculated automatically and cannot be changed. Please, note that you also have to add “0”
to the two other columns (for CH4 and N2O) as to avoid error messages in pathway calculation.

User Defined Standard Calculation Values

1 2 3 4 5 [

Parameter: Comments
unit:

Example 2: Phosphoric acid (HP (idem) 2808,9 11,36 0,1067

= “IEXGmiple 3 (niand bulk carfier 8.8 Kt (diesel) Aem) | o o o o e ese———— il Bl Ml ot v« B
1 N-fertiliser - Userl 2397,1 0,00] 0,0000] 23971 |
— e | 0,0 1
0,0
0,0
“« | Bg-Mze | Bg-Bw | Bm-whia | Bm-Mze | Bm-Bw | User specific calculations | User defined Stand.Calc.Values rstan(

e Step 4: Then, you need to fill in the column R and S with detailed information on the sources of these data.

1o 12

Transport exhaust

Parameter: gas emissions Sources Remark / question
unit: | aCH./tkm  gNzOft.km

User defined standard calculation values
Example 1: Diesel (from standard calculation values)
Example 2: Phosphoric acid (H-PQ.) (idem)

Example 3: Inland bulk carrier 8.8 kt {diesel) (idem) 0,093 0,0004]

N-fertiliser - Userl GHG LCA analyses of fertiiser production and use Published in ..., authors ..., 2017

4 ‘ Bg-whia | Bg-Mze ‘ Bg-Bw | Bm-wia | Bm-hize | Brm-Bw | User specific calculations ‘ User defined Stand.Calc.Values ‘ Standard Calculation Values

e Step 5: Go to the pathway where you want to use this modified standard calculation value. Modify the name of the

N-fertiliser input called in column B into "N-fertiliser - User1l". Give the actual quantity in column C on the same
line.
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Quantity of product Calculated emissions

45 Yield Emissions per ton,,.; Maize whole crop
48 Corn/Maize whole crop 40,756 ton ha” year” 1,00 ton, Pyl i gCO; g CH, g N0 gC0z-
47 Moisture content 65,0% 0,302 KQysnize wicte crep § M zicgas:
43
49 Energy consumption
50 | Diesel 104,35 liter ha™ year” B8.729 - - 8729
51
52 CH, and N;O emissions from use of diesel (agriculture) - 0,07 0,29 89
53

| = H e el - I

L E.E-J_ N-fertiliser - User1 ] 68,1 kg N ha year” a 4.007 | - - 4.007

56 lanure = T U0k _ha!'-ye;' - B B = -
57 | Bingas digestate 123,8 kg M ha" year1 = = - -
e S e - | -

e Step 6: Check and modify the formulas in columns I, J and K if they are not calling the right columns. This could be
the case if the unit of your modified standard calculation value is not the same as the unit of the pre-defined standard
calculation value of the same product. First, enter the new unit in column D. Then, to change the formulae follow the
example below (the column position to change are shown in yellow):

Initial formula in cell 155 of the screen copy above :
C55*VLOOKUP(B55;'Standard calculation values''$C$9:$3Q$272;3; FALSE)/C$46

New formula in cell 155: C55*VLOOKUP(B55;Standard calculation values'!'$C$9:$Q%$272;7; FALSE)/C$46
The numbers “3” and “7”’refer to the columns where the values are taken from. This number has to be 7, 8 and 9 (for

the formulas in columns I, J and K, respectively) in case the input of the value in cell C55 is MJ input per ton or MJ
of biomass, the numbers have to be 3, 4 and 5 if the unit of the value in cell C55 is kg input per ton/MJ biomass.

Second example on electricity from the grid:

A second example is on electricity from the grid. When making an actual calculation, emissions from using grid electricity
shall be calculated using the average emission intensity for the country in which the electricity is taken from the grid. Values
can be taken from the BioGrace list of additional standard calculation values, as is shown below.

e Step 1: copy the information (for the country in which the electricity is taken from the grid) from the BioGrace list
of additional standard calculation values into the sheet “User defined Stand.Calc.Values” of the BioGrace-11 Excel
tool. An example is shown below. Make sure you enter the values in columns I, J and K (with numbers 7, 8 and 9) as
the unit of the electricity values is in g CO2/CH4/N2O per MJ of electricity.

2 3 4 5 6 7 g 9 10

1
Parameter: Comments ‘GHG emission coefficient
T gCOJkg gCHJkg gN.O/kg gCO,./ka gCOJ/M] gCHJ/M1 gN,O/M] gCO,. /M

User defined standard calculation values
se| (from standard calculation values) 0,0 95,1 0,00! 10,0000 95,1
Example 2 osphoric acid (HsPO. dem 2808,9 11,36{ 0,1067 3124,7 0,0
Example 3: Inland bulk carrier 8.8 kt (diesel) {idem) 0,0 0,0
rl = b 007 Toan
Electricity from grid (MV) - Netherlands 0,0 146,8 0,00 0,0000 146,68
L o e e — o e e e = T i A |- -7/ ]| I N — O —
0,0 0.0
o0 0,0
0,0 0.0
4 v .| PVO-Wo Af-Aw Bg-whia Bg-Mze Bg-Bw Bm-wiia Bm-Mze Bm-Bw User specific calculations User defined Stand.Calc.Values Stand ...

e Step 2: Use this user-defined standard calculation value to make your actual calculations, as is shown below. Enter
the quantity of electricity in the unit shown in the tool (here in MJ of electricity per MJ of Biogas produced in the
digester).
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CalC '
el G\’eenhouse\,\ﬁa ol gﬂom B\O
Harg\\gg\;\o\w, Heating 2
for

Anaerobic digestion Quantity of product Calculated emiss|
Yield Emissions per ton B
Biogas 36231 | M gnogas. gross f 10N Trammpepea | 3623, 1 M giogas gross  10Myyet piowemse wopee No emissions are calcu

31468 | M ppegers, st 1 10 remrspertes

3148,8 M zyogan nes | 10Ny biouanse inpes of biogas is not often e

Factor from typical to default values

I
r R e e e e ]|
| Electricity from grid (MV) - Netherland 0,029

Biogas boiler

Click here for additional information on "gross” versus "net”

MI I Mg gems |
e T T = —

Slogas, gross

CH, and N;O emissions from biegas boiler

Thermal efficiency of biogas boiler % (Mt £ M gsoges)

Biogas consumption in boiler 0,1315 MJ / Ml gigas grons

Open digestate storage
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4.4 Adding additional input using additional standard calculation values

Step by step example:

If the tool user wants to add a new input in one of the pathways, the following steps must be performed:

e Step 1: First, in the pathway you are working on, get to the module where you want to add an input and check
whether the module already contains lines for additional input. If there is a green cell with the text “Extra input
lines are not shown” then the extra lines can be made visible by clicking on this cell and selecting “Extra input
lines are shown”.

51
52
53 Yield
54 Straw bales 0,976 tONsyaw bales.wet ! 1ONsiraw wef| 0,976 1ONsiraw pales.s
55 Moisture content 13,5% 0,068 KQstraw bales
56
57 Energy consumption
58 Diesel 4,78 liter / t0Ngraw bales,wet
59 CH, and N,O emissions from use of diesel (forestry)
— 60—+ =Electrcity BUfossilmix{0d V)= — — — — — — 0400 MJ/tONsyaw bales,wet
: Extra input lines are not shown| ~ |
|

e = —
e Step 2: In such a case you can enter the input name and amount in the white cells, taking care to use the correct
line with correct unit (either MJ or kg).

Energy consumption
Diesel 4,78 liter / t0Nsyauw pales,wet 16.300
CH, and N,O emissions from use of diesel {forestry)
|_ == ERcWcily ETfOSSIMIXTOLRV™ = = = = =0,00 M3/ fONsraw bals,wet | -
[Gasoline b 44,63 M 10Nty s vt 1 4164
— o= Noemissions _ _ __ __ __ _ _ _ _ 0,00 MJ [ 10Nsiau halesawet o | o _| -
No emissions 0,00 K@ /1tONstraw bales,wet
No emissions 0,00 K@ /1tONstrav; bates, wet _
\ Exira input lines are showrﬂ Total 20.464

When no extra input lines are available or when you have more extra inputs than extra input lines are available,
then follow steps 3 to 6 below.

e Step 3: Insert a new line with the function "insert™ of Excel (right click).

51

52
53 Yield Emissions |
54 Straw bales 0.976 tONsiraw bales,wet/ IONskaw,we|  0.976 t0Nyaw bates,wet / 1ONStraw,input,wet gCO;

55 Moisture content 13.5% 0.068 KQsiraw bates,wet | Msiraw petets.

56

57 Energy consumption

58 Diesel 4.78 liter / tONsyaw pates,wet 16,300
59 CH, and N,O emissions from use of diesel (forestry) =

60 |_|Electricity from grid (MV) - Netheriands 0.83IMJ/ toNsyaw vaeswer | 122
61 Extra input 1 44.63|MJ / tONsiraw bales wet & Cu 10,106
62 | |Extrainput2 1.67]MJ / 10Nt poies wet (@ Copy 87
63 | |Extrainput3 0.321KQ / {0Nstrauy bates e [fy Paste Options: 85
64 Extra input 4 1.12|Kg / tONsiraw paes, wet |‘__“EI 141
65 Extra input lines are shown Paste Special.. Total 26,841
66 Insert

68 Clear Contents

69

[('] Transport of straw bales m
71 Yield Emissions |
72 Straw bales 1.000 tONrransporied,wet / tONsyaw el  0.976 tor et/ 1ONS{raw jnput,wet gCO;

73| Moisture content 13.6% 0.068 KQoav vares uamsporisowet | Mstraw pelets

e Step 4: Copy the content of an entire row (for instance the row with “Extra input 1” into the new empty row.
Take a row in which the unit is the same as the unit of the value that you are about to enter. Copying an entire
row will copy all formula’s needed to make the calculation. Then, fill in the name of the input (column B) and
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the quantity used (column C). Please check that the name of the added input is the same as in the table of the
"Standard calculation value" sheet. Also verify that you use the same unit as existing inputs.

Baling of straw Quantity of product Calculate
Yield Emissions
Straw bales 0.976 10Nstaw bates, wet / 10Ngtaw wet| 0976 10Ngy3w bates wet ! ONstraw input wet g CO,
Moisture content 13.5% 0.068 KQstraw bates,wet | Mstraw petets
Energy consumption
Diesel 4.78 liter MONgyay, bakes, wet 16,300
— — =CH,and N-O emissions fromuseofdiesel forestrl. — — — — — — — o — b e e e e e e . —
! Gasoline 44.63] M / 10Ns1ra1 bates,wet | | 4184 1
I_ == Electricity from grid (MV) - Netherlands 0.83 M‘utoim-mmﬁ"ﬁ O 122 _ 1
Extra input 1 44.63 | MJ / 10Ngiray, bales,wet 10,106
Extra input 2 1.67 | M/ t0Nstay pales, wet 87
Extra input 3 0.32| kg / t0Nstraw baies, wet 85
Extra input 4 1.12|KQ / 0Ntz bates, wet 141
Extra input lines are shawn Total 31,005

e Step 5: On the same line, check the calculation formulas in columns I, J and K plus N, O and P. You can
compare the calculations with how other calculations for inputs with the same unit are performed. If you are
unsure if a formula is correct, then fill out the same input name and amount as in another row, check if the
outcome is the same, and then change the input name and amount back to the new input that you want to add.

Energy consumption

Diesel 4.78 liter / 10Nsraw pales wet 16,300
=7 "CHyand N>O eémisSiorS from use ordigSel froréstryy = = = = = =7 =7 == === == == = = = = = mm omomm, ;o R |
I ‘]GESOHHE ) 44-5§|:CGOFVLOOKUP(B60,'Standard Calculation Values'1$C$9:$Q$272,7, FALSE) | 1
L & |Blectricity fomarick(MV) Methedands dm — = =0 831N/ (ollcmm. mme e == o = - - - - 99 —

e Step 6: Check that the “Total” line is correctly taking into account the added input. For that, the sum in column
| to Kand N to P must include the added line.

Energy consumption
Diesel 4.78 liter / t0Ngiraw bales wet 16,300
CH, and N0 emissions from use of diesel (forestry) -
Gasoline 44,6310 1 10N510 ot 4164
Electricity from grid (MV) - Netherlands 0.83|MJ / tONstraw pates, wet 122
Extra input 1 44.63|MJ / t0Ngyra pales, wet 10,106
Extra input 2 1.67 |MJ / tONstrawm bales wet 87
Extra input 3 0.32|Kg / t0Nssraw pajes wet 85
Extra input 4 1.12]kg / tONsyraw baes,wet 141
Extra input lines are shown Total|165)

Result g C(

4.5 Adding a new input in a pathway

Adding a new input that does not yet exist in the BioGrace-Il calculation tool can be done by using the
two previous step-by-step tutorials.

You will first have to add a new standard calculation value in the sheet “User defined standard calculation
values”, then insert your new input in the biofuel-pathway you are working on.




4.6 Using disaggregated default values

In case you want to make an actual calculation for part of the biomass production pathway, you can use
disaggregated default values for other parts of the pathway. You can do so by selecting one or several
“D’s” in column E in the “Overview Results” section of the Excel sheet. An example is given in the
screen copy below for a pathway in which only actual calculations are made under “Processing”. Please
note that in this case actual values must be given for all input values (cells with white or yellow
background) in all steps under “Processing”. See also paragraph 2.4 in the BioGrace-Il calculation rules.

The disaggregated default value will overwrite the calculation, as can be seen for the transport steps
below: the actual transport emissions sum up to 7.8 g COzeq per Mwood petiets, this value is overwritten by
the disaggregated default value (for this pathway and with configuration “Natural gas boiler” and
transport distance “2.500 — 10.000 km”) of 5.2 g COgz,eq per MJwood pellets.

Overview Results —-————
Energy carrier (including emissions from the fuel in use) I
All results in Non- allocated Total Actual/

g CO 209 / MJ wood pelless results (allocated results) Default

Cultivation e,
Feedstock is a residue 0.00
Processing e,
Forest residues collection 0.87
Chipping 0.55
Transport e,y
Transport of forestry residues 0.00
Transport of wood chips 053
Transport of wood pellets 7.26
| Emissions from the fuel in use e,

CHj and N0 emissions at final conversion Actual (A) or Default (D) lalu = D

Land use change €, O €gcq not applicable| This cell all;ms you t_c choie —
. between using the disaggregated
Bonus WVELIRELE default value (in column G) or the
result of the actual calculation from
+ .
Beor ¥ Cocs 0.0 the section “Calculation per
individual step™ below.
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Final energy
Default values Electricity
RED-I

0.0

308

29.08
52

All results in g CO 35

Allocation  Allocated

factor results

0.00
0.51 GHG emission reductio

4.65 Electricity



5 Function 3: Using the tool to creating a new pathway

The BioGrace-Il tool can also be used to set up new bioenergy production chains. This requires some
knowledge of Excel and a detailed observation of how calculations are made.

In case you consider hiring an LCA/Excel expert to do the work for you, then there are two options:

1. You look for an expert yourself. The expert that you hire will make the changes with the “track
changes” button left to on. It is possible to create modified pathways in this way, a number of
pathways have already been modified in this way. However, the layout of such pathways will be
poor due to the fact that the “track changes” button should not be turned to “off” in case the
calculations will be checked by an auditor at a later moment of time.

2. It is possible that the BioGrace-I or BioGrace-Il scheme holder modifies pathways or adds new
pathways to the tool. These pathways will then be made publicly available without any prefilled
input values and with the track change mode turned to “on”. These pathways will not be
integrated in the main BioGrace-l or BioGrace-Il tool but published as separate files. On the
BioGrace-I part of the website www.BioGrace.net some examples of such modified pathway files
can be found. The three advantage of this option 2 are that (a) the modified tool will be in the
same layout; (b) the modified calculations will be made and then double-checked by BioGrace
scheme holders; and (c) as the modified pathway will be available through the BioGrace website,
auditors will know that this version was created by or with cooperation from the BioGrace
scheme holder. Please note that — just like option 1 above — such modifications can probably not
be implemented for free; a contract will be needed.

Contact the BioGrace scheme holder in case you would like to investigate this option 2 further.

Below, a short tutorial is provided to highlight major steps in case you would like to make the
modifications yourself:

e Step 1: Copy an existing pathway and rename it. Choose the pathway that is the closest to yours.

e Step 2: Erase all data in the white cells of column C. Erase the names of inputs and outputs in
column B when they are not necessary. Also erase all values in column G (under “Default values
RED-II) in the “Overview Results” section, as there are no default values nor disaggregated
default values nor JRC calculation results available for pathways other than the pathways that are
included in the BioGrace-Il Excel tool as downloaded from the BioGrace website.

Make sure to keep the result overview box at the top of your pathway, the “Overall yield per kg
input” in cell “C40” (see 2.3.1 The “Values calculated from complete pathway” box) and the 4
generic modules (“Final conversion (CHs and N.O emissions only)” - except for biogas or
biomethane injection -, “Improved Agricultural Management”, “CO. capture and
replacement”/”CO- capture and geological storage”, and “Consistency check™).

e Step 3: The most important part is to define the frame of the new pathway, meaning the numbers
of steps, the allocations when needed, etc. This frame is to be translated in independent modules.
To add new lines, please use the “insert line” function of Excel by right clicking on the
appropriate line. Make sure to add allocation modules right after the separation step of any co-
products that are formed in your production pathway.
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Step 4: Fill in the new frame with appropriate inputs and outputs into column B, with the
associated input numbers in column C. The user of the tool needs to pay particular attention to the
units in which the input numbers are expressed. Units in column D have to be compatible with
the units of the standard calculation value in the “standard calculation value” sheet.

Step 5: Add new standard calculation values if needed (for more detail, please refer to "adding
new standard calculation values" part in the previous paragraph 4.3 “Adding specific standard
calculation values for existing input”).

Step 6: Adapt the formulas of the columns | to K and N to P when needed (see "adding a new
input" part in the previous paragraph 4.4 “Adding additional input using additional standard
calculation values” for more details).

Step 7: Add, if necessary, comments or intermediate calculations in columns E to G.

Step 8: Adapt all the summing cells from the allocation module, the consistency check module
and the “Values calculated from complete pathway” box.

Step 9: Adapt the overview results box to your new pathway by inserting lines and linking cells
to each name and results obtained. Make sure that these new results are also added in the overall
result of the pathway, by checking the sums for cultivation, processing and transport. Also make
sure to include the correct allocation factor in column D of the “Overview Results” section.

Step 10: Make sure that in each step, the “quantity of product” number in column E is correctly
calculated. It must be the product of the yield in that step, multiplied by the “quantity of product”
number from the previous step.

Step 11: Make sure that the number “Overall yield per kg input” in cell “C40” is calculated
correctly. It has to include the yield factors in all the separate steps.

Step 12: Finally, adapt the calculations in the box “Consistency check” at the bottom of the sheet.
The calculations have to include the results (in column Q) from every step in the production
pathway. In case there is no allocation to co-products, the two calculations are the same. In case
there is allocation to co-products, please learn from other pathways (for instance “PVO from
Rapeseed”) how to calculate the number “Total emissions with allocation”.
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6 Technical detail on specific issues

6.1 How to use the LUC sheet?

Land Use Changes (LUC) are to be taken into account in the GHG calculation of your product. A LUC

occurs when the crop cultivation has a different carbon stock per hectare than a reference situation (e.g.
conversion of non-highly biodiverse grassland land into short rotation forest). RED-I1 Annex VI.B point

10 (as well as RED-II Annex V.C point 10) refers to the "Commission Decision of 10 June 2010 on

guidelines for the calculation of land use carbon stocks for the purpose of Annex V of Directive

2009/28/EC™" to determine when and how to take these carbon changes into account. Please note that the
European Commission will review these guideline by 31 December 2020, this review might result in an

actualisation of the LUC and Esca sheets in the BioGrace-Il Excel tool and in a corresponding
actualisation of paragraphs 6.1 and 6.2 of this User manual.

A dedicated module is available in the BioGrace-II tool near the bottom of each pathway. It will collect
the emissions caused by carbon stock changes from the LUC sheet. Thus you will need to fill in this LUC

sheet to calculate your actual changes in carbon stock. A declared LUC for a pathway will apply to the

whole result of the pathway.

If you have several consignments with two different LUC values to be integrated (for instance one with
no LUC, and one with a conversion from grassland to short rotation forest), please use a separate copy of

the BioGrace GHG calculation tool to declare it. The tool has been designed with a single LUC sheet
that doesn't enable calculating simultaneously two or more GHG values with different LUC values.

Step by step tutorial:

If you need to take into account a Land Use Change for a pathway (for instance it is not the case when the energy carrier
is a residue), please apply the following steps:

Step 1: In the pathway you are studying, answer "yes" to the question "Does land use change occur?" of the
LUC module. For that, use the checkbox list next to the question.

egraded land
ey Land use change
From: 0
Does land use change occur? yes‘llv
Go to VD oI PiiiiC
sheet 'LUC
to calculate the land use change
| Cclick here for additional information on LUC |
Resulting land use change 0.00 ton CO; ha™ year”

Step 2: Open the document Commission Decision of 10 June 2010 on guidelines for the calculation of land use

carbon stocks for the purpose of Annex V of Directive 2009/28/EC, in most cases (unless you will use another

model to calculate the land use change) you will need this document.

Step 3: Go to the LUC sheet. You will there find a framework for calculating the carbon stock changes from

reference situation to actual utilisation. The annual GHG emissions that need to be added to your pathway will

be calculated from that.

Step 4: Select the type of calculation you want to use. Three kinds of calculation are possible according to the

type of the soil and the information collected:

1. With mineral soils using the default values listed in de tables "Commission Decision of 10 June 2010 on

guidelines for the calculation of land use carbon stocks for the purpose of Annex V of Directive
2009/28/EC" (called default calculation with mineral soils),
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2. If you have your own value for carbon stocks calculated according to the guidelines in the same
Commission Decision (called actual calculation),

3. With organic soils, default values do not exist for the whole formula, so a mix of default and actual
calculation can be used according to the guidelines in the same Commission Decision (called Organic
soils calculation)

Start: Please choose your calculation type below, and then fill the adequate questionnaire
| ——————————————————— 1. Default with mineral soiis In this case, please use the 1. Default calculation” module bellow.

o . B In this case, you should use 2. Actual calculation” module because no predefined SOC values are given
I Which type of calculation do you want to use ? 1. Default with mineral soils - | 2 Organic soils caiculation 1. Default cakculation” can help for G, ;. Transfer the G, resul in 2. Actual calc " module.
1 a3 Actual In this case, you should use "2 Actual caic " module for both C,,, and SOC
| Ll

2. Orqanic sois calculation
15 Actuat calculation
=

e

e Step 5: Option 1 - Default calculation with mineral soils: The “Commission Decision of 10 June 2010 on
guidelines for the calculation of land use carbon stocks for the purpose of Annex V of Directive 2009/28/EC"
contains Tables 1 — 18 with the numbers you need for the calculation. Look for the information matching your
soil type, climate region, land use and land management, and continent (for the vegetation values). Copy these
values into the white cells of the sheet “LUC” in the BioGrace-Il Excel tool. These cells are not using a pre-
defined list. You should refer to the information given in column L to find the correct tables from the
Commission Decision. Please, use the same wording than the one used in the Commission Decision. Note that
cells without a white background (as to indicate an input field) are automatically filled from other cells. For
that, begin by filling the “actual land use” part. In the example bellow, the actual land use is a perennial crop
(such as poplar or willow). Default values provided in the Commission Decision paragraph 8, have been used
for the estimation of Cyeq both for the actual and the reference land use.

Option 1. Default with mineral soils calculation (no actual and accurate data are available)
The default calculation are based on the calculation of the Commission Decision, with the following assumptions
- the area concerned is 1 hectare. As a result, the factor A (ha / area concerned) equals 1.
- the =oils in question are mineral soils. For organic soils, appropriate methods shall be used (see paragraph 4.2 of the Commission Decision).

CS, and CS5 are calculated with the following equation: CS =Cuge+# S0CH*Fu*Fua™F,
In which year did the land use occur 7 2008 h Please note the
Actual land use Reference land use
Climate region |cool temperate - Wet b Cool temperate - Wet Determine usin
Vegetation/crop (land use) |[Perennial crops (poplar [ willow) Grassland b Please n
Above and below ground vegetation
Ecological zone (if relevant) |- h - h There are two
Continent (if relevant) |- h - N - O YOUu can us
432[ ton C /b 6.5(tonC/h =CTSLOETErE
Cuzs ent-ina enrha module right to
Carbon stock in mineral soil
Climate region  Cool temperate - Wet Cool temperate - Wet Please note: Cl
Soiltype |High activity clay h High activity clay Determine usin
Soilmanagement  |No till 3 No till 3 Determine usin
Input | Medium h High with manure h Determine usin
S0C: 95| ton C/ ha 85 ton C/ha Look up in Tabl
Fiu 1.00 1.00 Look up in Tabl
Fiaz 1.15 1.44 Look up in Tabl
Fy 1.00 1.11 Look up in Tabl
Resulting carbon stock CSu= 1525 tonC/ha CSz= 127.0 ton C/ha
Resulting land use change e= -4.66 ton CO, ha' year’ Please, note th

e The resulting LUC is calculated at the bottom part of the above screen copy by applying the RED-II
methodology. A negative value shows an increase in the carbon stock from the reference to the actual situation.

e Step 6: Options 2 and 3 — (Partial) actual calculation: Fill in the white cells of the “Actual calculation” part.
You should refer to the information required in column B, and to information given in column L. First, general
references for your actual value should be added in order to keep track of the source and quality of these data.
In case of methods other than measurements, you should confirm that climate, soil type, etc, are taken into
account. If this is not the case, you cannot use your actual data. At last, add the actual Carbon stock in soils
(SOC) and carbon contained in vegetation (Cveg) for actual and reference uses. The formula from the RED-II
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methodology is then used to get the annual carbon changes.

Organic soils

Please confirm that they take into account

If using data from other methods than measurements :

For organic soils, refer to paragraph 4.2 of the guidelines published by the Commission (see above for the link). Where carbon stock affected by soil drainage is cc
the basic methodology described by IPCC starting from the eguation 2.26 on page 2.35 of  hitpolfwww.ipcc-nggip.iges.or.jp/public/2005glpd /4 VolumedN/d4 02

ton C/ha

ton C/ ha

1528 tonC/ha
-4.93 ton CO, ha”' year”

climate yes
=0il type YEes
land cover yes
land management and inputs. YES
Resulting carbon stock in soils SOC.= 43.2
Resulting carbon stock in vegetation Cogn= 100.6
CSa=
Resulting land use change 8=

50C.=
Comgm=
CS=

6.8

119.1

ton C/ ha
ton C/ ha

1259 tonC/ha

Please, fill these data
Pleaze, fill these data «

Please, note that positi

|
e Step 7: Organic soils calculation: for organic soil, actual calculations must be made for the evaluation of the
SOC. For Cyec you can use values from tables 9 — 18 from the Commission Decision.

e Step 8: Check in the last line that the proper value is called (either from “Option 1 or from “Options 2 and 3”.
If this is not the case, get back to step 4 and choose the appropriate calculation type.

Result of the LUC calculation

Based on: Option 1. Default with mineral soils calculation (no actual and accurate data are available)

LUC value to report in your patthy 3 -4.66  ton CO, ha' year’
(.

e Step 9: Check in the bioenergy production pathway where you need to declare a Land Use Change that the
LUC value is there once you have selected “yes” on the question “Does land use change occur?”. Please, also
check that no Improved agricultural management is declared in the module right below (See the next section for

more information).

=Y Land use change
—————————————————— Tro.rn: Cool temperate - Wet ; Grassland ; - ; No till; High with manure
I Does land use change occur? yeS
I Go to :  Cool temperate - Wet ; Perennial crops (poplar / willow) ; - ; - ; High activity clay ; No til;
sheet LUC' R
I to calculate the land use change
| Click here for additional information on LUC
1 Resulting land use change -4 65 ton CO; ha™ year”
—————————————————— Pase, note that posttive value means soil carbon losses
Bonus (eB) LU W oclo P N P

Emissions per
gCo;

-2155

000

6.2 How to use the Escasheet?

The Esa sheet is to be used when the user wants to claim increased carbon stock in soils because of

improved agricultural practices like no tillage, reduced tillage, increased residue incorporation, etc.

This Excel sheet is built on the same model than the LUC sheet. The same steps are needed to use it. The

paragraph above on LUC contains a step-by-step tutorial.

The main difference comes from the fact that only carbon stock in soil is taken into account. Please also
note that ey, has a different sign than e;: a positive esca means that soil carbon stocks are increasing and
thus that the GHG emissions of the pathway will decrease, whereas a positive e, means carbon stock

losses and hence increasing GHG pathway emissions. This difference is caused by the definition of soil
carbon accumulation (RED-II Annex V.C.6 / VI.B.6) and the formula for land use change in RED-II

Annex V.C.7 and VI.B.7.
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Please note that if you have also a change in the above ground carbon stock due to a change in land use
type, then you should use the LUC sheet. Do not use Esca Sheet if a land use change is also declared for
the same final energy.

6.3 How to use the N20 emissions GNOC sheet?

The sheet “N>O emissions GNOC” must be used to estimate N.O field emissions for all the types of crops
available in the GNOC tool: http://gnoc.jrc.ec.europa.eu. The tool contains a list of crops for which
calculations can be made.

The sheet “N,O emissions GNOC” in the BioGrace-1I Excel tool (see screen shot below) is not meant to
make any calculation, but to gather all information that has been used to make the calculations. These
calculations must be done directly on the GNOC website.

Harmo nis!
-l:nv E'l'f_‘,cil'l-.l'c
for Lt

Calculation of N,O field emissions with the Global Nitrous Oxide Calculator (GNOC)

The calculation of N,O field emission

Please note!
For the calculation of the M0 field emissions the GNOC model has to be used for all crops that are listed in the model. Only for those ¢

1) Go to the GMOC model (hitp:ignoc jrc.ec.europa.eufy and check whether your crop is included.
2) If your crop is included, calculate the field emissions and enter the value in cell C32 in this spreadsheet To assist the verification of y
3) fyour crop is notincluded, use the sheet M20 emissions IPCC

Information needed in GNOC

The GNOC model can be found at  httpo//gnoc.jrc.ec.europa.eu/

Coordinates of place (x; y) X These coordinates can be copied from GNOC after
¥ =selecting the place of the cultivation on the interactive map
Crop
S0oil type Please copy the information (as used in GNOC) to this sheet
Irrigation as to allow a verifier to check your calculation
Fresh yield kg ha™'year”
Synthetic N-fertiliser (kg M) kg N ha”year”
Manure kg M ha'year’

Result from the GNOC model to be used in the BioGrace Excel tool

The GNOC online tool (see screen copy below) evaluates direct and indirect NoO field emissions
combining IPCC (2006) TIER 1 and 2 approaches and the statistical model developed by Stehfest and
Bouwman (2006) for direct emissions from mineral and organic fertilizers.

To use this tool, the minimum information required is (see screen copy above): the location of the field or
forest, the crop type, the type of soil (organic / mineral), the use of irrigation, the fresh yield, and the
amount of synthetic and organic N-fertilizers used. For actual calculations, more specific information can
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be used regarding the following parameters: environmental parameters, crop residue parameters,
conversion factors. For more detail on the GNOC and its calculations, please refer to the GNOC website,
and its online tool manual.

o W e

JOINT RESEARCH CENTRE
European GNOC - Global Nitrous Oxide Calculator

Commission

European Commission » JRC » IET » Sustainable Transport Unit» GNOC

Place o
x| ¥ i

Select/Insert Parameters
Crop Barley [=]
Soil Type mineral [ | B
Irrigation no E| (i ]
Fresh Yield [kg ha™] i
Mineral Fertilizer Fzy [kg N ha™] [ )
Manure Foy [kg N ha™] i)

Calculate

Show/change GNOC default values

Google
g

Once the user has provided all relevant information, the website provides the result total NoO emissions
(see figure below). Note that the calculation gives results in kilogram N (as part of N>O) per hectare per
year. These are converted into the unit "kilogram N.O per hectare per year" as this unit is used throughout
the BioGrace Excel tool. Therefore you should take the result (2.2523 in the example below) and multiply
it by 1.53743* to get the result in the proper unit (which is kg N.O/hectare) to report in your pathway.

[errrpme e
L |

Show/change GNOC default values

Result: Total N O Emissions

Location ID 2228 - 451 (i ]

Country name [NETHERLANDS | €
P e e e e e e e e o e r———— A e e e e e e
| Total soil Nz emmissions [kg MaO-N ha'l] 1.9930 0 |
b o o e e mm mm m m m mm mm m [ ———— o — — 1

Total soil N30 emmissions [g COzeq M1 "pp] [11.2748 i

Result details - values are given in [kg N5O-N ha1] unless s

444/28=1.57143 kg N20/(kg N in N20)
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Please fill out both the input information as well as the result (see screen shot above) in the sheet “N.O
emissions GNOC” in the BioGrace-Il Excel tool, as is demonstrated below.

Information needed in GNOC

The GNOC model can be found at http://gnoc jrc ec europa. eu/

Coordinates of place (x y) 56573 [x These coordinates can be copied from GNOC after
52,4493 |y selecting the place of the cultivation on the interactive r

Crop Rapeseed

Soil type Mineral Please copy the information (as used in GNOC) to this s

Irrigation No as to allow a verifier to check your calculation

Fresh yield 33721 |kgha'year

Synthetic N-fertiliser (kg N} 142.0 |kg N hayear’

Manure 0.0 |kgMN halyear!

Result from the GNOC model to be used in the BioGrace Excel tool

Results from GNOC to be used in the BioGrace Excel tool
Result from GNOC website kg N:O-M ha' year™
Resultto be used in this Excel tool 34319 kg N:0 hayear”

Please note! Thevalue from GNOC
The difference is afa
The value to be used

1

Then, you can fill out the value 3.1319 kg N,O ha® year? in the sheet “PVO-Rs” when making an actual
calculation on the cultivation of rapeseed, as is shown below.

Pesticides 5.9 kg ha™ year” 19,613
Seeding material
Seeds- rapeseed kg ha™ year" 4,279

Emissions from the field

Field CO; emissions (acidification) kg ha" year -

Extra input lines are not shown Total 279,384
Result
N2O emissions from rapeseed cultivation Quantity of preduct Calculated
Emissions pe
I_ ——————————————————————————— T T T g COg
Field N;O emissions kg ha year" " _
ol = — — = — == “Fieltt N0 emigsions Can-be Talculated'n tire sieet — — 1= — — — Total -

NZ0 emissions GNOC

m

6.4 How to use the N20 emissions [PCC sheet?

For crops that are not covered by the GNOC, a specific module in the sheet “N.O emissions IPCC” is
dedicated to this calculation.

The sheet “N,O emissions IPCC” of the BioGrace-I1 tool follows IPCC guidelines 2006 for N,O emission
calculation plus the refinements from 2019, as explained in chapter 11 “N20 emissions from managed
soils and CO- emissions from lime and urea application”. At the beginning of the “N.O emissions IPCC”
module, a short introduction presents the methodology used with the additional hypothesis used in JRC
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calculations that have been incorporated in the module. This module details the calculation of the three
N20 emission sources that occur during the agricultural step: direct N,O emissions from the field, indirect
N20 emissions due to leaching and runoff and indirect N.O emissions due to NH3; and NOXx volatilization.

Step by step example:
For field N,O emissions calculations for a pathway, please apply the following steps:
e Step 1: Choose the name of the crop and the general information about your pathway in the Crop data box.
You can choose between 3 different crops (Eucalyptus, Poplar, Corn/maize whole crop) or add crops (see
step 2).

Crop data. See Tables at right side of this sheet

Please enter the data for your crop in the cells with white background colour
General information

Crop name|Poplar Abbreviation glossary :
Crop yield (fresh matter) 28000 kg r/halyear Fresh matter = fm
Moisture content (%) 50% Dry matter dm
Crop yield (dry matter) 14000 kg gn/halyear Tonne t
N mass in N;O N2O_N
Is the soil water saturation high ? No Put "yes" when the crop is irrigated OR when rainfall in rainy

season (1) minus potential evaporation is higher than soil water holding
capacity. If nat known, the average nitrate leakage will be applied
(1) Rainy season: period when rainfall > 0.5 * Pan Evaporation

e Step 2: To calculate N2O emissions for a crop that is not listed in Table 1, then enter the name of the crop
plus the LHV value of the crop in Table 1 and fill in Table 4 of this module. More information on how to
fill in Table 4 is available in IPCC 2006 chapter 11, Table 11.2.

& — i case Ragr, 18 UNknown,
for alternative calculation of AGDM(T),
R From Table 11.1a inIPCC2019  --------- = fromtabel 11.2 in IPCC 2018 —>
RS, slope intercept SOUrces
Corn/maize whole crop 0.0060 0.0070 1.00 022 1.03 0.61 IPCC 2019, vol.4 chap.11
New cropi
New crop2
New crop3
New cropd
New crops
New cropf

e Step 3: In case of Land Use Changes (LUC) or modified management practices, then the “LUC” or “Esca”
sheets should be used to calculate the carbon loss and enter the value in cell D41. Go to paragraphs 6.1 and
6.2 of this manual for more information on these sheets.

5 ific information in case of Land Usg Ciia OT mioditfied Tia T=01d F —m————=n"
1 What type of land use changeis it # Not concerned | Use "arable to arable land™ in case of modified practices
Carbon loss due to land use change 0.0 thalyear _ Please, calculate this value by using the LUC sheet
e e o o o o e e e e e e e e e o or the ESCA sheet for modified practices (2)

[21[F the Esza sheet gives negative value then there is 2 Closs dus ta
achange in management and the value obtained (with 2 positive sign)

zhould be insered here

e Step 4 - Calculation of direct N2O emissions from managed soils. Two more input data are needed for
direct NoO emissions calculations: the quantities of N synthetic fertilizer and N organic fertilizer applied.
Please note that these values have to be entered in “kilogram Nitrogen”, so if the organic fertiliser gift is
10.000 kg per year and the nitrogen content is 0,4 wt%, then please enter “40 kg N”. Intermediate
calculations are shown in Tables 2, 3, 4 and 5, and the total of direct N,O emissions are found at the bottom
of the box. Also the indirect NoO emissions from managed soils are calculated automatically using the
input data. Intermediate calculations for N»O indirect emissions due to NHs + NOXx volatilization and
leaching are shown in Tables 6 and 7 (resp.).

e Step 5: The total N,O emissions are given with orange background at the bottom of the sheet.

TOTAL N,O EMISSIONS (Direct + Indirect N;O) from managed soils (Tier1)

kg N,0_Nihalyear kg N;O/halyear

average min max average min

per ha 118 0.08 3.05 185 0.13

per kg dm 0.08 0.01 022 0.13 0.01

per MJ of crop 0.00 0.00 0.1 0.01 0.00
Value to report in your pathway : :_ 1.85 kg NzO/halyear |
____________ I |
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6.5 How to use the “Final conversion only” sheet?

This sheet is to be used only by companies that buy ready to use energy carriers and transform it into final
energy. This sheet will allow them to calculate the GHG emission reduction.

The following step by step example explains this sheet. To be able to use this sheet the companies shall
get information regarding the energy carriers they bought (the methodology used for previous steps
calculations, etc.) and information about the final energy it will be transformed into.

Step by step example:

For GHG emissions calculations from a ready to use energy carrier, please apply the following steps:.

e Step 1: Provide information on the type of final energy carrier (give a small description) and the total GHG
emissions from all previous steps of the pathway.

GHG emission of biomass feedstock ("energy carrier”

Type of energy carrier:

GHG emission of biomass fuel

Note: If the energy carriers (e.g. pellets or chips) arrive at a sea harbour, you will have to calculate the
inland transport via truck or ship. This can be done by using the corresponding pathway sheet (e.g. pellets
from forestry residues) and adapting the final transport step (e.g. transport of wood pellets). The resulting
emissions per MJ energy carrier have to be added to the GHG emissions that you received together with the
energy carrier.

e Step 2: Fill in the “General settings” box. In this box the user should provide information on the final
energy produced: the main type of output, and the process efficiency associated with the final conversion of
the pathway.

General settings

Conversion efficiencies When L
must be

the con

[ Blectricity and heat Temp of useful heat (*C)

[] Diact physical subetitusion of coal T

[ He=t is exported for hesting of buildings

e Step 3: Fill in the “CH4 and N20 emissions” box. In this box the user should provide further information
on the type of final energy carrier, and on the type of end conversion so that CHs and N>O emissions
related to final conversion can be estimated. Then the user can decide to use default values “D” or actual
calculations “A”. For actual calculations, the emission factors related to certain combinations of fuel used
and type of end conversion are provided in the tool. If, after filling the box, the value in cell L45 is an error
(#N/A), then it means that no emission factor is provided for this process. Then the user can either decide
to use a default value “D” (from RED-II Annex VI.C) or to provide his own estimation from a reliable
source that must be mentioned.
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Emissions from final conversion

Final conversion (CHs and N2O emissions only) Actual/

Ci issi already included No (are the i izsi already included in the result given in cell D26) Default
Type of fuel used in end conversion Wood chip "Emissions per MJ Wood chip

Type of end conversion Boiler g CO; g CH, g N0

Factor from typical to default values 1.2

Include following emissions " CH4 and N20 emissions from Wood chip Boiler " 000" 001" 0.00

Result

0 CO; q | M eiomass rust

e Step 4: The total GHG emission reductions are given at the bottom of the results box.

GHG emissions of biomass fuel
Final energy
CH, and N;O emissions at final conversion

Explanation
This sheet can be used by the company that has bought the biomass fuel, as energy carrier that iis combusted in a boiler, 0.3 0 COzag / Manergy camer
CHP or is cocombusted in a coal-fired power plant. Certain calculation rules apply that must be respected. These rules can Electricity Heat

be found in the document "BioGrace-Il calculation rules™. The most important rules are: M resules n g £0F o, per M as indicated

1. In case of an actual GHG calculation result, a verifier has verified the calculations leading to the GHG value of the Allocation  Allocated  Allocation  Allocated

biomass fuel factor results factor results

2. If the biomass fuel was delivered at a harbour, the inland transport via truck, ship or train has to be calculated and
added to the GHG emissions of the biomass fuel. The calculation can be done on the corresponding calculation sheets per hJ Wood pellet per MJ Wood pellet
in this tool by adapting the final transport step. 51.8 18.3

3. The emissions from final conversion shall either be included in the GHG calculation for the biomass fuel (in which case per hJ electr. per MJ heat

cell C43 below can be set to ™v'es”) or shall be added in this calculation (which is done automatically if cell
C43 is =et to "Mo” and the values in cells C44, C45 and C45 are filled in according to the actual end use).

4. The above claims 1. and 2. can be i by doc tation such as delivery notes and verification
=tatements, which are accessible to the verifier which performs the verification of the calculation on this sheet.

GHG emission of biomass feedstock ("energ

Type of energy carrier: Wood pellets from forestry residues (provided by company XXX, batch
number YYY on 2020 conformity year statement)

GHG emission of biomass fuel 236 g CO2 eofMIpiomass fusi

6.6 How to use the Co-digestion sheets?

There are 3 sheets in the tool for the calculation of GHG emissions related to co-digestion of biomass:

e Co-dig_default sheet can only be used for the purpose of calculating a new default value for the
production of biogas or biomethane from codigestion of a combination of the following substrates
(maize, wet manure and biowaste);

e Bg-co-dig_actual sheet can be used to calculate actual GHG emissions for the production of
electricity and/or heat, or cooling from biogas from a combination of any biomass;

e Bm-co-dig_actual sheet can be used to calculate actual GHG emissions for the production of
electricity and/or heat, or cooling from biomethane from a combination of any biomass.

6.6.1 How to use the Co-dig_default sheet?

This sheet can only be used for the calculation of default values. For more information on the calculation
rules related to this sheet, please have a look at the BioGrace-1l calculation rules. A step by step
description of the use of this sheet is presented in the table below.
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Step by step description of the use of this sheet:

e Step 1- Specify the process: the description includes 3 types of information: the final energy carrier, the
type and origin of the energy used in digestion (relevant if “biogas’ has been chosen as final energy carrier)
or the upgrade process (relevant if “biomethane” has been chosen as final energy carrier), and the type of
digestate storage.

11 |

‘A Combination of default GHG values for codigestion

13 |
14 | |Select your final energy carrier and patyway configuration ™ — — — — ~ ~~ ~ 7~~~ 7 7= = &

15 | |Final energy carrier I |Biogas :

16 | |Energy provision in digestion I |Electricity and heat from CHP h I
1 - h

12 |Digestate storage : Closed digestate - |

19 | [ S SsESRERE e e  ER A  EREE -

e Step 2: Provide information on the actual feedstock share and the moisture content of each feedstock used.

Actual feedstock share =000 @ e e e e e MIZE: = = = = WelHalling: == == == == = Biowaste. —

Amount of feedstock,,.. per year or ml!nm 10 20 5 ti:m,!.EI feedstock
Axerage annual moisture content, in % 65% 86% 62% !
sharel)— _ _ _ _ e 5T —14% %.ds compared to total feedstock

e Step 3- In case of biogas as final energy carrier; fill in the “General settings” box. In this box the user
should provide information on the final energy produced: the main type of output, and the process
efficiency associated with the final conversion of the pathway.

General settings (only for biogas pathways)

Conversion efficiencies
[ Blectriciey Electrical efficiency 36.0%
[] He=t Thermal efficiency 42.0% Track
[#] Blectricity and hest Temp of useful heat (*C) 90

[[] Hest is exported for heating of buldings

e Step 4: The total GHG emission reductions are given in the results box.

6.6.2 How to use the Bg-co-dig_actual and Bm-co-dig_actual sheets?

These sheets are built in a similar way as other pathways for the production of biogas or biomethane,
except that they are especially designed to calculate actual GHG emissions from the digestion of several
feedstocks. This paragraph explains the calculation in case the product is biogas (for the sheet “Bg-co-
dig_actual™). The calculation for biomethane (sheet “Bm-co-dig_actual™) is the same.

Many of the calculations in these two sheets are made automatically. A calculation can already be made
when the limited number of yellow-marked cells is filled out, as is demonstrated below. Values must be
entered in these yellow-marked cells; when this is not done, then no complete GHG calculation can be
made. In addition actual input values can be entered for the values that are pre-set and have a white
background colour (and which come from the JRC calculations). When these values are replaced by
actual values you can also change the “Factor from typical to default values” from ““1.4” to ““1.0”.

Before giving the step by step description, two remarks are:

1. When you open the sheets, you will see a number of error messages which appear as calculations
cannot be made because some numbers are missing (and hence there is a division by zero). See
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for an example the screen-copy below. These error messages disappear once you have filled out
the required cells.

Calculation of actual values for co-digestion (biogas)

Overview Results
Energy carrier (including emissions from the fuel in use)

All results in Non- allocated Total Default values
9 CO ;05 / MJ giogas results (allocated results) RED-II

Cultivation e.. #DIVIO!

Upstream emissions #DIV/O! #DIV/O! The RED-II

Processing e, #DIVIO! only gives

Anaerobic digestion #DIVI0! #DIVI0! overall default

Transport ey #DIVIO! values for three

Transport of substrates #DIV/O! #DIV/O! combinations of

Emissions from the fuel in use e, 12.5 manure and maize

CH, and N;O emissions at final conversion 12.49 12.49 as input material

Land use change e or e, not applicable For more informa-

Bonus not applicable fion see the user
0.0 I manual, paragraph

Totals #DIV/0! #DIV/0! 66

2. In these two sheets, the possibility to use disaggregated default values has been removed as the
RED-II does not give disaggregated default values for co-digestion. The RED-II contains, at the
end of Annex VI.D, total-pathway default values for specific combinations of co-digestion of wet
manure and maize whole crop (80-20%, 70-30% and 60-40% on a fresh mass basis). These
specific total-pathway defaults have not been included in the BioGrace-Il Excel tool. Instead, the
disaggregated default values (expressed in g CO2eq/ton feedstock) for wet manure, maize whole
crop and/or biowaste can be filled out under “upstream emissions”, see step 2 below.

The step by step description below will focus on filling the yellow-marked cells.

Step by step description of the use of this sheet:

e Step 1: Fill out the “General settings
Give the main output(s), the conversion efficiencies and the pathway configuration. The example below is made
with the pathway configuration “Gas-tight digestate storage” and “Electricity from grid, heat from boiler”, which is
an example of a digestor producing biogas that is sold to an external user. Hence in this example the heat for the
digester is produced by a small boiler on-site, the biogas is transferred to the external user through a local pipeline,
and at that location the biogas is combusted in a second boiler owned by the external user. The product in this case
is biogas, and hence no selection is to be made for the tick boxes under “Main output”.

e Step 2: Give the upstream GHG emissions for the substrates (feedstocks) that are co-digested
Upstream emissions for some feedstocks can be found in the “single-feedstock” BioGrace-1l pathways, see the
sheets “Bg-wMa”, “Bg-Mze” and “Bg-Bw”. Make sure that you enter the same values for the general settings. In
case you have actual values for upstream input data, then enter these first. Then, for instance, the upstream
emissions for “Maize whole crop” can be found by adding the values from cells L79 and L92 in the sheet “Bg-
Mze”. This is shown below. For other feedstocks (e.g. sugar beet) you have to make the calculation yourself as — for
instance - there is no sheet “Biogas from Sugarbeet” in the BioGrace-I1 Excel tool.
You must enter values in all the yellow-marked cells of the sheet “Bg-co-dig_actual” and/or “Bm-co-dig_actual”,
and you can add more values in the white cells in case more substrates are co-digested.
Do not replace the names “Manure” and “Maize whole crop” in the first and second line of the table. In case these
are no substrates in your digester, then enter “0” in the column “tonyet / year” causing these inputs to be neglected in
the calculation. You must not replace these names as this will result in incorrect calculations.
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Upstream emissions

Quantity of product

Upstream emissions (cultivation or point of generation of waste/residue), without manure credit

Calculated

Total amount  Upstream emissions moisture  LHVyn, Amount of sub- Feedstock share
Type of substrate 10N et / year g COz =/ tONger content  MJ/ kga, strate in MJ/ year % (energy basis)
Manure 2000 0 90,0% 12,0 2400000 22.72%
Maize whole crop 1000 =54671+1918 65,0% 16,9 5915000 55,99%
Biowaste 1: Steamed potato peels 1000 0 85,0% 15,0 2250000 21.30%
Biowaste 2: ...... 0 0.00%
Biowaste 3: ...... 0 0.00%
0 0,00%
0 0,00%
0 0,00%
0 0,00%
0 0,00%

Total Input 4000 tonge [ year, with 0,825 10565000 MJgybstrate { year

Manure credit (only for manure share)

average moisture content

Total amount manure maisture LHVy4n,  Total amour Feedstock share Manure credit (f
10N et / year content MJ / kgary MJ / year % (energy basis) g COz g CHq
CHg and Mz0 emission credits for manure 2000 90.0% 12,0 2400000 22,72%| 0,00 147

The CH4 and N2O emission credits for the use of manure are calculated automatically (see lower part of the screen-

copy above).

e Step 3: Provide information related to the transport of all substrates (even for waste biomass).
Select the most convenient truck type from the dropdown list and specify the distance of transport (in km).

Transport of substrates

Quantity of product

Transport emissions (transport of substrates as given in step above)

Calculated ¢

Total amount Amount of substrate __ Type oftruckorship_ . . _ _ _ _— _ _ _ Transport
Type of substrate tonye: / year in MJ/year Select truck or ship type from dropdown list distance (km) ki
Manure 2000 2400000" Truck (40 ton) for manure (Diesel) "3
Maize whole crop 1000 5915000/ Truck (40 ton) for chips (and similar size dry pr{ ' 7
Biowaste 1: Steamed potato peels 1000 22500001 ~[1 26
Biowaste 2: ..._.. 0 0 | Truck (40 ton) for dry product (Diesel) 1

e 5 Truck (40 ton) for chips (and similar size dry product) (Diesel)

Biowaste 3: ...... 0 0 | Truck (40 ton) for liquids and pellets (Diesel) 1
0 0 0 1 Truck (40 ton) for manure (Diesel |
0 0 0
0 0 o | Infand bulk carrier 8.8 kt (Diesel) i
0 0 0o | I
0 0 0 1 I
Total Input 4000 10565000 — — T T T T T T T T T T 7 7 7 7 Total emissions:

e Step 4: Give the amount of biogas produced on a yearly basis
This is the total biogas production per year, when digesting the combination of all substrates entered. Please enter
the net amount of biogas; in case a small boiler is used to provide heat to the digester this is the yearly amount of
biogas that is produced in the digester minus the yearly amount of biogas that is combusted in the boiler to provide

heat to the digester.
Anaerobic digestion Quantity of product Calculated emissions
Yield Emissions per MJ bi h
Biogas 0,797 MJ gross / MU 2104.76 MJ gross / ton wat,input g CO: g CHs

0,708 MJgiogas net / MJsupetrate input

Factor from typical to default values 1.4

|
1 T483600|MJ B'Pgasm [ year

Biogas yield
Owerall biogas yield

1870,90 Mdsiogas net / 10Nsypstrate wet input

g Nz0 9C0ze

[ Click here for additional information on "gross” versus "net”

3

produce heat andfor electricity for the digester.

Once this value is added, the error messages in the sheet disappear.

e Step 5: Complete the rest of the sheet like for any other pathway for the production of biogas and biomethane. You
will now have a result of your calculation in the “Overview Results” part. In case biogas is the product (see the
further description under step 1 above), then only results expressed in g CO2.eq / MJ biogas are given. In case the
biogas is converted to electricity and/or heat and you have also entered the conversion efficiencies under “General
settings”, then also results per MJ electricity and/or heat are given as well as emission reduction percentages.

Please note: the net amount of biogas is the amount of biogas that is used for production of biomethane._
It equals the biogas amount fram the digester minus the biogas amount consumed in a boiler or CHP to
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6.7 How to use the Calculate efficiencies sheet?

This sheet aims at providing information on the thermal and/or electrical efficiency for the use of boilers
or CHP. This information is needed to fill in the “General settings” box (see paragraph 2.2.2) and process
modules whenever a boiler or a CHP is used in the process. In case calculations are made for verification
and declaration, if several boilers or CHP are used in the pathways, this sheet should be duplicated to
keep a record of the calculations made for each boiler and/or CHP. This will help the work of verification
of calculations.

For more information on the calculation rules related to this sheet, please have a look at the document
BioGrace-II calculation rules. A step by step description of the use of this sheet is presented in the table
below.

Step by step description of the use of this sheet:

e Step 1- Fill in the description of the annual input: the description includes 4 types of information: the
type of input fuels, the weighted average low heating value, the amount of fuel, and its water content. The
amount of energy (in MWHh) is then automatically calculated.

Calculate efficiencies

Annual input

Lower heating value Mass percentage
(on dry basis) Armount of water Energy
- — —nputfuels— — — — — — — kgl — — — — JtoA]— — — — — o} — — — — {MWh]
Pellets 15.0 1000 104 T 4500
SRF wood chips 19.0 2000 50%a I 5078
Fozsol fuel [oil) 36.0 500 0% I sooo

=7
)
|
1

|

WMVih]

Total annual input of fuel 14778

e Step 2- Fill in the description of the annual output: To calculate the net electricity and/or heat
produced, information on the gross energy production, internal use of energy and energy losses must be
provided. For calculating the efficiency for heat production, information on the average heat quality (in
°C) should also be given.
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Annual output
| _Gr_uss_eliﬂﬂ:'rtlpgdu_ctiﬂ'l Ete_rn a_lus._agzelgctﬂciti _ EIEﬂLic'rt_y Iu_s.sis ________ r-_l_et electricity production
r [Mh] [Mh] [MWh] . [Wh]
I [ 3000 100 ] 5 1 [" 2895 |
| 1
| Gross heat production Internal usage heat Not useful heat Heat quality (average) et useful heat production
I [MWh] [MWh] [MWh] [c | [WWh]
I G000 500 50 100 71 5450
00 0 [ 1701y 594
I 500 0 5 250 3 495
1 270 0 3 300 . 267
| T
L T T T N T I T e m——" | [MVirh]
Total net useful heat production | 6806 |

e Step 3- Report results in the pathways: The results (efficiency of electricity and/or of heat) are
automatically calculated and provided at the bottom of the sheet. This information as well as the heat
quality should be reported in the relevant pathway.

- — —Results. _ _ _ _ _ _ _ _ _ _ _ [S6]_ Heat quality
|! n. Efficiency electricity 19.6 _![a'.rerage}
Ny Efficiency heat (100°C) 369 100
Nyz Efficiency heat (170°C) 40 170
nyz Efficiency heat (250°C) 33 250
Ny Efficiency heat (300°C) 13 300
| Total thermal efficiency 45.1 |

Total efficiency 65.6

6.8 Declaring the 29g Bonus

If you are carrying out your own calculation and if evidence is proved that the land on which the biomass
feedstock was cultivated/grown meets the conditions (a) and (b) in point 8 of RED-II Annex V.C and
RED-11 Annex VI1.B and, then you can add an extra bonus of 29 g CO;¢,/MJ to your pathway.

Within the BioGrace-I1 Excel tool the bonus can be added in the Land use change step as shown below.

Land use change, including bonus for production on non-agriculture or degraded land
E: Land use change Emissions per M

g CO;
Does land use change occur? no

Click here for additional information on LUC

Resulting land use change 0.00 ton CO ha™' year? 0.00
e o e o o = I
| Bonus (EB:'l 29; v 0zey -‘MJmmmwei Please note that the bonus is a positive value, this value will be substracted in the top section 29.00
e e —
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7 Glossary

To use the tool, several terms have to be clearly defined. Some of these definitions and abbreviations are
based on the RED-II.

CHP: Combined Heat and Power

Default values: default values are the GHG emissions given in the RED-II Annexes V and V1. There are
disaggregated default values and one global value for the whole pathway. They are derived from the
typical value by adding an extra 20% or 40% of energy consumption during the process stage and
transport steps, depending on the pathway used. They may be used instead of actual values under certain
circumstances defined in the RED-II.

CO2.eq: GHG emissions caused by CO2, CHa, and N2O, expressed as CO-equivalent emissions using the
global warming potentials of CHs and N2O as listed in the sheet "Standard Calculation Values". These
values are taken over from RED-II Annex V.C.4 and VI.B.4.

Cropland: Cropland as defined by IPCC

Esca: Emission reduction as a result of soil carbon accumulation.
FFC: Fossil Fuel Comparator

GHG: Greenhouse gases, responsible for global warming.
HVO: Hydrogenated Vegetable Qil

Input numbers: information on the itineraries of cultivation, industrial processes, yields, etc. The input
numbers are the values in the white cells in the BioGrace-Il GHG calculation tool. In all these cells,
actual input numbers can be given to calculate an actual GHG value.

JRC: Joint Research Centre of the European Commission
LHV: Lower heating value

LUC: Land Use Changes. This term refers to the GHG emissions linked with a change in the carbon
stock because of changes in the use of the land. An Excel sheet called the LUC Excel sheet provides
information on how assessing them.

PVO: Pure Vegetable Oil

RED: Renewable Energy Directive, or Directive 2009/28/EC is the “Directive on the promotion and the
use of energy from renewable energy sources”.

RED-11: Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018
on the promotion of the use of energy from renewable sources (and recast of the RED, hence “RED-I1”)

RVO: Netherlands Enterprise Agency (in Dutch: Rijksdienst Voor Ondernemend Nederland)

Standard calculation value: data needed to convert input numbers (given in kg, kWh, etc) into GHG
emissions. Examples are Lower Heating Values and values to convert 1 kg N-fertiliser or 1 MJ of natural
gas into CO,, CH4 and N,O emissions. They are sometime also called "conversion factors".
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Starting values: the input numbers that are in the BioGrace-Il GHG calculation tool when it is
downloaded and opened. These numbers were provided by the JRC consortium for calculating the
RED-I1 default values.
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About the BioGrace GHG calculation tools

BioGrace-|
The BioGrace-l GHG calculation tool is managed by IFEU
(Institut fur Energie- und Umweltforschung).

The current version is version 4d from 2015.

BioGrace-ll
The BioGrace-1l GHG calculation tool is managed by
The Netherlands Enterprise Agency (RVO).

The current version is “Version 4a” from February 2021.

History
The two BioGrace GHG calculation tools were originally
developed in two European projects funded under the
Intelligent Energy for Europe (IEE) programme.

The BioGrace-I project lasted from 2010 to 2012 and
the BioGrace-Il project lasted from 2012 to 2015.

More information:

www.biograce.net

info@biograce.net
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