CHP, Land use change,
N,O field emissions
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Summary

1. CHP (natural gas, lignite, straw), natural gas boiler (30 min)
2. Land use change and N20 field emissions (45 min)

3. Exerciseincluding CHP, land use change and N20O field emissions (60 min)

4. CO2 storage or replacement + example (30 min)

GHG calculation course for verifier trainers www.hiograce.net
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GHG emissions from the production and use of biofuels
According to the methodology of the RED Directive, Annex V.C.1

E= €ec T € T ep T € T €, —€sca—Cccs — Ecer — Cee

 E: total emissions from the use of the fuel

* e, emissions from the extraction or cultivation of raw materials (includes
N20 field emissions)

 e,: annualised emissions from carbon stock changes caused by land-use
change

* e,: emissions from processing (include CHP and NG boilers)

* €., emissions saving from soil carbon accumulation via improved

agricultural management

* e..s. emission saving from carbon capture and geological storage

* e..,. emission saving from carbon capture and replacement

* €,.. emissions saving from excess electricity from cogeneration (CHP)

GHG calculation course for verifier trainers www.biograce.net
September 10th and 11th, 2012, at Agency NL.
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1. CHP (natural gas, lignite, straw),
natural gas boiler

GHG calculation course for verifier trainers www.hiograce.net

Slide 4 September 10th and 11th, 2012, at Agency NL.
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CHP (natural gas, lignite, straw) — General principles

What is a CHP?

- CHP stands for Combined Heat and Power.

- CHP integrates the production of electricity and steam simultaneously,
from the same fuel (e.g. natural gas, lignite, straw).

Which steps of the biofuel production process can include CHP?
- CHP appears in the « Processing » step.

Which emissions are considered for calculations?

- Emissions from the fuel used at the CHP plant.

- Emissions of CH4 and N20O from steam production in the CHP plant.

- Emission savings for excess electricity from the CHP plant (e..).
« The excess electricity is not accounted for if the fuel for CHP is a
co-product other than an agricultural crop residue », according to the
RED Directive, Annex V.C.16.

GHG calculation course for verifier trainers www.hiograce.net

Slide 5 September 10th and 11th, 2012, at Agency NL.
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CHP (natural gas, lignite, straw) — Calculation rules

What is the methodology to make calculations in BioGrace?
—> Directions from the RED Directive, Annex V.C.16 are followed:

“Emission saving from excess electricity from cogeneration, e, shall be taken into account
in relation to the excess electricity produced by fuel production systems that use
cogeneration except where the fuel used for the cogeneration is a co-product other than an
agricultural crop residue. In accounting for that excess electricity, the size of the
cogeneration unit shall be assumed to be the minimum necessary for the cogeneration unit
to supply the heat that is needed to produce the fuel. The greenhouse gas emission saving
associated with that excess electricity shall be taken to be equal to the amount of
greenhouse gas that would be emitted when an equal amount of electricity was generated
in a power plant using the same fuel as the cogeneration unit.” (in the RED Directive,
Annex V.C.16)

- The text gives directions but no actual calculation steps.

—> Direction 1: Annex V.C.16 of the RED Directive states that the excess
electricity credits from CHP are calculated in proportion to the steam
consumed by the production process of the biofuel:

“The size of the cogeneration unit shall be assumed to be the minimum necessary for the
cogeneration unit to supply the heat that is needed to produce the fuel” (in the RED
Directive, Annex 5.C.16)

GHG calculation course for verifier trainers www.biograce.net
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CHP (natural gas, lignite, straw) — Calculation rules
: Sizing of the
. CHP plant CHP plant

Usual CHP plant for GES calculations in BioGRACE

Biofuel
production process

Biofuel

Steam
consumed

production process

Slide 7

Excess
Other uses Other uses Electricity

Steam Steam - N,O
—> N,0 sl —> CH,

CHP Plant before sizing (g dl®ah in proportion

to the steam

T produced
Fuel input CHP Plant after sizing
+ GHG calculation course for verifier trainers Fuel input

September 10th and 11th, 2012, at Agency NL in ﬁmﬁortion to the steam ﬁroduced
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CHP (natural gas, lignite, straw) — Calculation rules

- Direction 2:

“The greenhouse gas emission saving associated with that excess electricity shall be taken
to be equal to the amount of greenhouse gas that would be emitted when an equal amount
of electricity was generated in a power plant using the same fuel as the cogeneration unit.” in
the RED Directive, Annex V.C.16

» Credits for excess electricity refer to the avoided impact of the production of
electricity in a plant powered with the same fuel as in the CHP plant.

- In version 4c of the Biograce tool: the « EU mix » may not be used for electricity
from the grid (i.e. an additional standard value must be defined and used for the
grid average emissions for the country in which electricity is taken from the grid).

GHG calculation course for verifier trainers www.biograce.net
September 10th and 11th, 2012, at Agency NL.
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CHP (natural gas, lignite, straw) — Calculation steps

Example - Ethanol from wheat, with lignite - fuelled CHP:

Production process of

Excess Electricity = the biohel Ethanolplant |
Electricity (Lignite ST) = Electricity ~ n MJ steam | | Yield
EIectr!c!ty generation (taken from  (from Lignite Ethanol 0,537 M gmmns £ M pme
— Electricity (taken from CHP) | cpypy CHP) Co-product DDGS 1,14 t0Ma5s / 10N gmge
\/ Energy consumption
Electricity (taken from CHP} 0,076 W § Ml zmaner
Steam (from Lignite CHP) I:I.EI]E]‘ M M.Jm]
Electricity generation in nMJsteam = 1> N,O s eip
proportion to the steam total production -> CH4 {CH, and N.0 emiz=icns from Lignite CHP |
produced Cignite input per W steam 7405 W1 T Wy
Lignite 0,715 M { Mgmges
(Electricity generation = ECITichy oUtput 7 W] steam 0,228 T T M s
Electricity output/ MJ steam Electricity generation 0,117 M J M zngeg
x n MJ steam consumed) [;ec:triciry (Lignite &T) 0,037 W1/ r.u;_.a.a]
CHP Plant after sizing

T e

X n MJ steam consumed

GHG calculation course for verifier trainers
September 10th and 11th, 2012, at Agency NL.
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Natural gas boiler — Calculation steps

Which steps of the biofuel production process can include NG Boiler?
- Natural Gas Boiler appears in the « Processing » step.

Which emissions are considered for calculations?
- Emissions from Natural Gas input.

—> Emissions of CH, and N,O from steam production.

—> Electricity consumption.

Example - ethanol from sugar beat with NG Boiler:

Electricity input / MJ steam Eﬁ@_
x n MJ steam (from NG Boiler) Ethanol 0,544 Mimers /S

.. . Co-product Sugar best pulp 0,219 M TR
Electricity EU mix MV s nemzun | Wzge

| Energy consumpti

O v from NG Boteny | Preduction | (G o e
2~<1 NG Boiler process of 1G Boler
CH46 > the biofuel l CH, and N.0 emissions from NG boiler
T MWatural gaz input / MJ =team 1,011 | K TR e
| ) T Matural gas (4000 kmn, EU Mix
Natural gas Input / MJ steam o ) Loualitty] D436 MM J
x n MJ steam (from NG Boiler) Electricity EU miX MV | (et mant 190 stcam 0,020 103 7 1 gpoam
Electricity EU mix MW 0,008 KW oees

Natural gas (4000 km, EU Mix quality)

GHG calculation course for verifier trainers www.hiograce.net
September 10th and 11th, 2012, at Agency NL.
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2. Land use change
and N20 field emissions

GHG calculation course for verifier trainers www.hiograce.net
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Land Use Change — General principles

Types of land cover to be considered in LUC:

- Forest land, grassland, cropland, wetlands, settlements and other lands (IPCC
categories), perennial crops (in [OJ C160, p.8]).

- LUC can be either:
« direct: conversion of a land that is cultivated or not to biofuel production land or

« indirect (ILUC): the land used for biofuel production was previously used for food
crops’ production. Because of food demand, additional land will be used for food
crops. NOT yet taken into account in calculation !

Measure of (direct) land use change:

e.g. Forest land e.g. Cropland
Vv
(SOC + CVEG)reference land use ~ (SOC + CVEG)Iand use after conversion
(' since January 2008)

nb years during which the C stock changes (20 years taken as a reference)

= annualised emissions from carbon stock
change due to LUC (in kg CO, eq / MJ biofuel)

GHG calculation course for verifier trainers www.hiograce.net
September 10th and 11th, 2012, at Agency NL.

Slide 12



1‘; INTELLIGENT ENERGY
a\cu\at\Oﬂé_‘omass , EUROPE P&

ised Greelly
Koty Heat ™

Land Use Change — Issues for biofuels

Issues regarding GHG emissions:

- ILUC for biofuels, combined with an intense food demand, are suspected
to lead to a higher demand for crop land, and thus higher GHG emissions.

- Some recent studies suspect that ILUC might have important impacts, for
example in the biodiesel industry. *

- Albeit ILUC is mentioned in the RED Directive, it will be accounted for only
when appropriate methodology is validated by the European Commission.

LUC is critical to define biofuels as a renewable energy:
- To comply with the European Directive 2009/30/EC:

a biofuel is considered a renewable energy if its use leads to a 35% GHG
emission reduction at least (Article 7b.2 on the sustainability criteria for
biofuels).

- Depending on the scenario, LUC impacts can vary a lot: LUC from rainforest to
palm oil plantation makes it hard to comply with the 35% criterion whereas LUC
from grassland to palm oil plantation leads to good GHG emission savings.

* “Assessing the Land Use Change Consequences of European Biofuel Policies” by David Laborde, IFPRI, October
2011.

GHG calculation course for verifier trainers www.biograce.net
September 10th and 11th, 2012, at Agency NL.
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Land Use Change — Calculation sheet

Method for measuring LUC, in RED, Annex V, C:
e = (‘CSR - CSA)*3.664*1/20*1/P — €g

CSi :' (SOC 4 CVEG)*A mm) Factor scaling to the area

concerned
Carbon Stock J l | I
i- Reference use or Above and below

Actual land use ground vegetation
carbon stock

Soil Organic
Carbon

How to calculate SOC and CVEG of a Carbon Stock:

» Default with mineral soils: based on the “Option 1. Default calculation” module.

» Default with organic soils: based on the " Option 2. Actual calculation” module,
and include the Cveg result from the “Option 1. Default calculation” module.

» Actual calculation: based on the " Option 2. Actual calculation” module for both
Cveg and SOC.

Then, calculation details reported in the calculation sheet stem from the
Commission Decision of 10 June 2010 on guidelines for the calculation of land
carbon stocks for the purpose of Annex V to Directive RED.

GHG calculation course for verifier trainers www.biograce.net
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Calculation sheet: Actual and Reference land uses

|Dplion 1. Default calculation [no actual and acurate data are available])

The dejy

- the

CSaa

+4  Actual land use data

| Reference land use
| data area (CSg)

When does the land uze change occurs ?

Climate region
Wegetationicrop [land use]

area (CS,)

Actual land use

N

Reference land use

\

|\M’arm termperature moist

|\M’alm termperature moist

| Cutivatedteropland

L d 4

|Nat|ue forest [» 303 canopy cover)

|
i

Aboye and below ground vegetation
Ecological zone (if relevant] §[- Oceanic forest
Continent i relevant) §| - Europe
i 0f tonC tha 94| tan T ha
C A ,
Climate region | W arm temperature maist W AIT LRMperature moist
Sailtype f|High activity clay High activity clay
Soil Full-tillage Mo till
input. | [High without manure e input
SOCsr 28] tonC i ha 88 tonCiha
Fu 0,8
Fra nta
F 1 nia
Resulting carbon stock CSi= E74 tonCiha CSp= 1720 tonCiha

Resulting LUC

By = 1916 ton eq. CO: ¢ b

Give the year of LUC, LUC should be takeninto account 20 years after the land use change ocours.

There are two ways of getting .., ¢
- or you can use predefined data set out in point 8 of the Commission Decizion (tables 9 ta 18]

- or you should calculated them Following the rules set out in point § of Commission Decision. Use the
miodule right to this section far that. ——

Determine using paragraph 6.1 of Commission Decision
Determine using paragraph 6.2 of Commission Decision
Dietermine using table 3 of Commission Decision
Digtermine using table 3 of Commission Decision

Loop up in Table 1 of Commission Decision, using climate region and soil type abowve
Look upin Tables 2 - 2 of Commizsgion Decision
Look upin Tables 2 - 8 of Commizsion Decision
Loak up in Tables 2 - § of Commission Decision

Please, note that positive value means carbon soil losses

DOption 2. Actual calculation Carbd

Stocks and Carbon vegetation

The guidelines published by the Ci;

[=ee abowe For the link] authorizes the uze §F Betual data for Soil Organic Carbon.

Itis alzo possible to use it own data for offer parameter like the carbon stock in vegets) [C.n)
In order to use them, please provige the ing il i
Type of data use
More detail information Examplf:
If using data from other methods than measurements :
Pleaze confirm that they take into accoun
climat]
=oil typl
land c:ovg
land management and input:
Resulting carbon stock in soils ton G ha S0C= tan Cf ha
Resulting carbon stock in vegetaty ton G ha Cor® tan Cf ha
tonCiha & CSe= 00 tonCt haj
Resulting land Use Change ton COz ned

If madel : name of the model, who runned it, main data sources, date of the modeling, st
If measurements : where were they made, wha carried them out, years of measurements,
For all: details abaut representativeness, praof of scientific validity, ete

Please, fill these data with you actual value
Please, fill these data with you actual value

Flease, note that positive value means catbon soil losses
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Calculation sheet: Option 1 — Default calculation

Cyeg data area,

based on predefined data
(point 8, Commission Decision* Tables 9 to 18)

|Op1im|.Defa|.lt ion (no actual and acurate data are available)
The default calculation are based on the calculation of the Commizsien Decigion, with the following azsumptions

LUC definition SOC data area

-the arsa concerned is 1 hectars. Az a result, the facter A (ha / area coencerned) equalz 1.
- the =eilz in question ars mineral zeilz. For erganic =oilz, appropriate methods =hall be uzed (z=e paragraph 4.2 of the Commizzion Decizion).
CS,=C,

CS, and CS5 are calculated with the following equation: .z + S0Cr *F oy *Fys * F,

When dees the land uze changs cccurs ? Give the year of LUC. LUC =hould be taken into account 20 years after the land use changs cccurs.

Slide 16

Climate region
Vegetation/crop (land use)

Actual land use

Reference land use

VWarm temperature moist

VWarm temperature moist

Cultivated/cropland

Mative forest (=30% canopy cover)

Above and below ground vegetation

Ecological zene (if relevant)

Oceanic forest

There are two ways of getting C,.; :

Continent (if relevant) |- Europe - or you can use predefined data =et out in point & of the Commizzion Decizion (tablez 5 to 18)
. ) S, . .
01 ton C/ha 34 ton C/ha _uryuu s_huuld F:alculatetl them following the rules =et out in point 5 of Commizzicn Decizion. Use the module
richt to thiz =ection for that

’Carbun stock in mineral soil

N

Climate region  |WWarm temperature moist Warm temperature moist Determine using paragraph 6.1 of Commizzicn Decizion
Soiltype |High activity clay High activity clay Determine using paragraph 6.2 of Commizzicn Decizion
Soil management |FulHtilage No till Determine using table 2 of Commizsion Decizion
Input [High without manure Mo input Determine using table 3 of Commizzion Decizion
S0Cz g8l ton C/ha &8 ton C/ha Loop up in Table 1 of Commizsion Decigion, using climate region and =cil type above
Fy 0,88 1 Look up in Tables 2 - & of Commizsion Decision
Fuz 1 n/a Look up in Tables 2 - & of Commizzion Decizion
k F, 1,11 nia Look up in Tables 2 - & of Commizsion Decizion )
Resulting carbon stock CS, = 674 tonC/ha CS;= 172,0 ton C/ha
Resulting LUC e = 19,16 toneg. CO./ha/an Pleaze, note that positive value means carbon =oil logzes

* Commission Decision of 10 June 2010 on guidelines for the calculation of land use carbon stocks for the purposesef#®nnex
V of Directive 2009/28/EC

GHG calculation course for verifier trainers
September 10th and 11th, 2012, at Agency NL.
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Calculation sheet: Option 1 — Default calculation

Cygg data area,

based on calculated data
(point 5, Commission Decision*)

€, calculation, if carried out under point & of the C ission Decision : ils of the calculation
For more explzination, please read the Commission Decision of the 10 june 2010, point 5.
Reference land use :
Coy = Cen - T
Coy = Cacs |_ | Coen - Cow | - | C,
Cuy = Bazg % CFz + Bgss(orCazs) = CFz(orR} + DOMgy x CFpn + DOM, = CF,
_ = = - o| oatz given in purple are su t
=d Beo = ‘ ‘ ‘ 0.47 ‘ ‘ ‘ 0.47 | ‘ ‘ ‘ 0.3 ‘ ‘ ‘ ‘ 0, the Commizsion Decizion
(o = o t carben / ha To be reported in C,z for reference land usze

Actual land use :

Cy = T - T
Cy = Cace |_ | Cezo L Cow | _| C.

Cy = Bazy X CFs + Basz(0rCass) X CFz(orR} + DOM., * CFs, + DOM, x CF.
cee = [ ] [oe] | | [ oe] | | [ of] | | [ oe
B = 0 t carbon / ha To be reported in Cyzz for Actual land use

Details about sources :

* 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

GHG calculation course for verifier trainers

Slide 17 September 10th and 11th, 2012, at Agency NL.
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Calculation sheet: Option 2 — Actual calculation

Information on

Actual values area
dataset area

|0p1im 2. Actual ion Carbon Stocks and Carbon

The guideli publizhed by the Commizzion (2ee above for the link) autherizes the use of actual data for Soil Organic Carbon.

Fiseala HAPRY Y dato £ oth oo 4, Ll th o oo ool ot 7 kY

In order to use them, please provide the following information: \
Type of data uze

WMaers detail information Example :  If model : name of the model, who runned it, main data zources, date of the modeling, ete

If meazurements : where were they made, who carried them out, years of meazurements,
For all : detailz about reprezentativenezs, proef of 2cientific validity, etc

If using data from other methods than measurements :
Pleaze confirm that they take inte account :
climate

=oil type
land cover j
land management and inputs,
Resulting carbon stock in soils S0C,.= ton C/ha S0Cs= ton C/ha Pleaze, fill theze data with you actual value
Resulting carbon stock in vegetation Chaga= ton C/ha Chapa= ton C/ha Please, fillthese data with you actual value
S, = 0,0 tonC/ha 0Ss = 0,0 tonC/ha
Resulting land Use Change = 0,0 ton CO; ha™ year” Pleaze, note that positive value means carbon =oil losses

GHG calculation course for verifier trainers
September 10th and 11th, 2012, at Agency NL.
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N,O field emissions — General principles

Measure of the direct and indirect N,O emissions from
managed soils (kg N,O/halyear):
* N,O emissions are estimated depending on the quantity of N in

soils coming from human activity or from organic matter
mineralization.

Measure of N,O emissions following the IPCC
guidelines:

* The methodology used is the Tier 1 of IPCC guidelines 2006 for
N,O emission calculation — Chap.11 “N,O emissions from
managed soils and CO, emissions from lime and urea
application”.

* A new methodology using the Stehfest & Bouwman statistical
model combined with IPCC Tierl approach, will be used for the
calculations after it is presented by the Commission

GHG calculation course for verifier trainers www.biograce.net
September 10th and 11th, 2012, at Agency NL.
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« Two types of N20O emissions:

« Direct emissions: due to nitrogen in soils brought by crop residues,
fertilizer, urea, lime, trash burning, land use change and agricultural
management change

* Indirect emissions:

—->NH3 and NOx are volatilized (by biomass burning, manure
storage, non agricultural activities...) and brought back to soils and
shallow waters where they are converted to N20.

—->NO3 - runs off and leaches from soil to ground water, riparian
zones, ditches, streams, etc. Then, nitrification and denitrification
result in N20O emissions.

N,O N,O

NH,*, NO,- === NH,, NO,

Biomass burning,

(de)nitrification in soils others

'&@eaching and runoff

GHG calculation course for verifier trainers www.biograce.net
September 10th and 11th, 2012, at Agency NL.
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N,O field emissions— Issues for biofuels

N,O field emissions have deep impacts on total GHG emissions:

= N,O is a greenhouse gas that is 298 times as much powerful as
CO,. (RED Directive, Annex V.C.5)

—> Strong uncertainty remains on N,O emissions due to general data
scarcity.

Connection with LUC and Improved agricultural management:
—> Direct N,O emissions depend on agricultural practices, thus both LUC
and agricultural management impact N,O emissions.

GHG calculation course for verifier trainers www.hiograce.net
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N,O field emissions— Calculation sheet

When to use the “N,O emissions IPCC” calculation sheet ?
When making the actual calculation for the “cultivation” step.

Cultivation of sunflower Quantity of product Calculated emissions
Yield Yield Emissions per MJ FAME
Sunflowersesd 2440 kgha' year” BT 974 MJzimonersees ha™ year? a9 CO= g CH. g0 | gC0z .
Moisturs content 10,0% 1,000 M7 M)z mnomersend mpes
Co-product Straw nia kg ha' year” 0,068 KQsosomerseesMzae
Energy consumption
Diesel 2963 MJ ha year” 721 0,00 0,00 721

Agro chemicals

N-fertiliser (kg N} 39,0 kg N ha year” 3,08 0,01 0,01 5,41
Manure 0,0 kg M ha'year” 0,00 0,00 0,00 0,00
Ca0-fertiiser (kg Ca0) 0,0 kg Ca0 hayear” 0,00 0,00 0,00 0,00
k.O-fertiliser (kg K.0) 22,0 kg K0 ha' year? 0,32 0,00 0,00 0,35
POs-fertiliser (kg P.O5) 30,0 kg P20; ha'' year” 0,80 0,00 0,00 0,84
Pesticides 2,0 kg ha” year™ 0,55 0,00 0,00 0,61

Seeding material
Seeds- zunflower & kg ha” year’ 0,07 0,00 0,00 0,12

Field N0 emissions 1,43 kg ha” year”
Figld N;O emizzions can be calculated in the sheet

0,00 0,00 0,04 11,88
Total 12,02 0,01 0,05 27,41

q COy g | Mlpae 27,41

Structure of the BioGrace Excel sheet:

» Part 1: Crop data

 Part 2: Direct N,O emissions from managed soils
 Part 3: Indirect N,O emissions from managed soils
 Part 4: Total N,O emissions

GHG calculation course for verifier trainers
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Part 1: Crop data
» Eight crops are predefined in the “crop name” field.
 For other crops, tables 1 and 4 have to be used. Guidelines appear
in IPCC guidelines 2006 - Chap.11, Table 11.2 (*).
* LUC and Esca sheet must be used for Carbon loss calculation if applicable

Crop data.

* IPCC 2006, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Chapter 11 on N20 emissigq

GHG calculation course for verifier trainers www.biograce.net
September 10th and 11th, 2012, at Agency NL.
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Part 2: Direct N,O emissions from managed soils

* N synthetic fertilizer and N organic fertilizer quantities are required.
 Detailed calculations are displayed on Tables 2, 3, 4 and 5.

Direct N20 emissions from managed soils (Tier). See Table 2, Table 3, Table 4 and Table 5 for intermediate calculations (right side of the this sheet)

GHG calculation course for verifier trainers www.biograce.net
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Part 3: Indirect N,O emissions from managed soils

« Calculations are automatic.
 Tables 6 and 7 show calculations for N,O indirect emissions
due to :
- NH; and NO, volatilisation
- leaching and runoff

Indirect N3O emissions from managed soils (Tier1) See Table 6, Table 7, Table & for intermediate calculations (right side of the this sheet)

|

GHG calculation course for verifier trainers www.biograce.net
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Part 4: Total N,O emissions

« The final value in the yellow frame is to be reported
in the “Cultivation” step of the pathway.

N,O EMISSIONS (Direct + Indirect N,O} from managed soils { Tier1)

kg NoO_Mihatyear kg MoO/halfyear
average min max average min max
per ha 3,04 0,73 1372 478 1,15 2155
per kg dm 0,18 0,04 0,71 0,25 0,08 1,12
per MJ of crop 0,0087 0,0023 0,0438 0,02 0,00 0,07
Value to report in your pathway : | 4,78 kg N:0/halyear |
A

Cultivation of sunflower Quantity of product
Yield Yield E
Sunflowersesd 2 440 kgha' year™ ST 974 Mloymmyersess N3 year”
Moizture content 10,0% 1000 W § M cernomerssed, topet

Co-product Straw nia kg ha year” 0,068 KQzommonerseeaMsne

culated emissions
sions per MJ FAME
gCH, gh0 |gCO;.,

Energy consumpgtion

Digzel 2963 MJha” year” 7,21 0,00 0,00 7.21

Agro chemicals

N-fertiizer (kg M) 39,0 kg N ha' year’ 3,06 0,01 0,01 6,41
Manure 0,0 kg N ha™ year” 0,00 0,00 0,00 0,00
Ca0-fertiliser (kg Ca0) 0,0 kg Ca0 ha” year’ 0,00 0,00 0,00 0,00
K O-fertiliser (kg K O) 22,0 kg K0 ha year” 0,33 0,00 0,00 0,35
PiC:-fertilizer (kg P20:) 30,00 kg P;0; ha™ year’ 0,30 0,00 0,00 0,34
Pesticides 2,0 kg ha™ year™ 0,55 0,00 0,00 0,81

Seeding material
Seeds- sunflower G kg ha' vear”

Field N0 emissions ng ha'
Figld N;O emizzicn cu

N20 emiszicns [PC

0,07 0,00 0,00 0,12

0,00 0,00 004 11,38
Total 12,02 0,01 005 27,41

0 COz g | M 2741
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3. Exercise including CHP, land use
change and N,O field emissions

GHG calculation course for verifier trainers www.biograce.net

Slide 27 September 10th and 11th, 2012, at Agency NL.



INTELLIGENT ENERGY

’EURUPE M|

« Question 1: Installation sizing - The only difference in the two
calculations below is that CHP 2 is five times larger than CHP 1.
Will the GHG performance of ethanol from plant 2 - |
comparison to the performance of ethanol from plant 1 - be
lower, the same, or higher?

Excess
Excess heat:16

electricity:9  (cooled away)
Plant 1 Plant 2 1\ 1«
Excess electricity:1
Bio-ethanol| Elect- 1‘ Bio-ethanol| Elect- CHP 2
production (ﬂ CHP 1 production (ﬂ 90 TELEL
plant on natural plant 2
Heat: 4 gas Heat: 4

ANSWer: The performance will be the same, as only that part of CHP 2 will be taken into

account that is needed to supply the heat for the ethanol plant, which is 1/5 of CHP 2, resulting
(again) in an excess electricity of 1. See rule 6.1

GHG calculation course for verifier trainers
September 10th and 11th, 2012, at Agency NL.
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« Question 2: Calculate the credit due to excess of electricity
Plant 1

Main product : 10M] «m—
Co-product, or: 5MJ  <Em—

agricultural waste

Process 1 <€ Feedstock : 15 MJ

Heat: 1 MJ Electricity : 1MJ

—3% Excess electricity : 2MJ

> CHP

—3 Excess Heat : 1MJ

ANSWEer: It depends if it is a co-product or an agricultural waste (RED, Annex V.C.16) :
- For an agricultural crop residue : it is a simple case of sizing the CHP according to the excess of
heat produced (so the credit is calculated using 0.5MJ for the excess electricity)
- For a co-product : There is no credit strictly speaking; the system should be extended to the
process and the CHP so that the input is the feed stock and the outputs are the main product, the
excess of electricity and the excess of heat. Then there is an allocation between the 3 outputs
where, :

- OMJ is used for the excess of heat (as the LHV for heat is null)

- the allocation between electricity and the main product is related to their energy

means 1/6 of emissions allocated to excess of electricity and 5/6 to the.h
GHG calculation course for verifier trainers www.biograce.net
September 10th and 11th, 2012, at Agency NL.
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 Question 3: If | buy a green certificate for using green energy to
fuel my CHP, how can | take it into account to calculate the credit
related to this green certificate ?

ANSWer: Green certificates are not taken into account in calculation, so no credit can be used.

GHG calculation course for verifier trainers www.hiograce.net
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 Question 4: If a land use change occuring in 2010 led to an
increase in the C storage, how do | take it into account in- my
calculation? How do | take it into account if the LUC occured in
20007?

ANSWer: For 2010, the formula given in the RED should be used to find the result which also

depends on the productivity of the biofuel. For 2000, the LUC is not taken into account as is
happened before the 1st January 2008.

GHG calculation course for verifier trainers www.hiograce.net
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 Question 5: Can | use the default values for the cultivation step
listed in the Annex V of the RED, if a land use change occurred
in 2010 ?

ANSWEer: It depends. If a land use change occurred after January 2008, you are allowed to use
the default values provided in Annex V of the RED, only if this land use change lead to an increase
in the carbon stock.

GHG calculation course for verifier trainers www.hiograce.net
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« Question 6: If actual data are available for the calculation of
SOC and Cveg, | am allowed to make default calculation using
the data liste in the "Guidelines for the calculation of land carbon
stocks for the purpose of Annex V to Directive 2009/28/EC" ?

ANSWEer: Yes, it is always possible to use both possibilities

Slide 33 GHG calculation course for verifier trainers
ue September 10th and 11th, 2012, at Agency NL.
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« Question 7: | can use the same LUC value for several plots but
only if they are in the same NUTS 2 area ?

ANSWer: The use of an identical value for LUC is not related to the closeness of the plots but to
their identical management history, biophysical conditions, and input history (cf "Guidelines for the
calculation of land carbon stocks for the purpose of Annex V to Directive 2009/28/EC")

GHG calculation course for verifier trainers www.biograce.net
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 Question 8: For a CHP using waste, shall we account the
wastes’ transport in the calculation?

ANSWEer: Yes, according to BioGrace methodology .But there are inconstitencies: JRC
sometimes took it into account, France does not take these transports into account, England take
these transports into account, EC take them into account if waste have changed their destination
by being used in the CHP. The RED states that wastes (...) shall be considered to have zero life-
cycle greenhouse gas emissions up to the process of collection of those materials.

GHG calculation course for verifier trainers www.biograce.net
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 Question 9: The excess electricity from the ethanol plant is -
0,113 MJ/MJethanol With the following data: right or wrong?

Yield
Ethanol 0,360 M zmy / MY 5gcae
Co-products 0,000 MMz e came
Energy consumption
Electricity (taken from CHP} 0,076 |MJ /M 2names
Steam (from CHP) 0,509 | M WM cmne
CHP
Size of CHP . L .
Steam prod. considersd 0,508 MJ/ Mlgmar ANSWer: wrong, the excess electricity is -
Input to CHP
Fuel input / MJ steam [ 1,408) M1/ W g 0,037MJ/MJEthanol
i S = Electricity Lignite ST = Electricity taken from

Emizzionz from CHP

CH, and M;0 emig=ions from CHP (to be further epecified - give G CHP - EleCtI’iCity generation

b

CHP fuel - specify e = 0,076 MJ/MJ Ethanol — 0,113 MJ/MJ Ethanol
CH, and N.O emizgions from CHP (te be further zpecified - give G
CHP fuel - specify * 0,715 M7 M zzans
Electricity generation in CHP plant
CHP net output / MJ steam 0,222 MJ 1§ M) ggne,
CHP net output / MJ Ethanol 0,113 MJ 7 M zsans
Met preduction or consump- 1
tion in ethanel plant 0,037 MJ F M)z
Electricity - specify Y 0,037 M/ Mz
Pure Ca0 for procezses D.DDDE?D‘ kg f MJ zmmm
Cycle-hexane U.IJIJEIIMU‘ [ [ W E——
Sulphuric acid (H.S0,) U.IIIIJEIEBS‘ (I 1 W —
Lubricants D.IJIJEIIIHD‘kgI [ N Pee——

GHG calculation course for verifier trainers
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* Question 10: Make the 3 exercices included in the excel sheet
given in annexe

« Exercice on CHP calculation
« Exercice on LUC
« Exercice on N20O emissions

GHG calculation course for verifier trainers www.hiograce.net
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4. CO, storage or replacement:

->Improved agricultural management (soil
organic carbon accumulation)

->CO2 capture and geological storage

-2 CO2 capture and replacement

GHG calculation course for verifier trainers
September 10th and 11th, 2012, at Agency NL.
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Improved agricultural management — General principles
What is measured:

e.a. Full-tillage e.g. No tillage, increased
e & residue incorporation

v ==

reference agricultural management — SOC actual agricultural management
(January 2008

or for 20 years)
nb years during which the C stock changes (20 years taken as a reference)

= annualised emissions from carbon stock change due to
agricultural management change (in kg CO, eq / MJ biofuel)

SOC

Esca LUC
Agricultural
Land Use Nature of change . Land use change

management change
Chan ge an d Carbon stock change

€4 (SOil carbon accounted for
€., POsitive <=>

accumulation): e, positive <=>
. CSincrease in soil <=>
Meaning CS losses <=>

GHG emissions Lo .
. GHG emissions increase
depletion

Soil Soil and vegetation

GHG calculation course for verifier trainers www.biograce.net
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Improved agricultural management — Issues for
biofuels

Agricultural management & LUC:

The impacts of Improved agricultural management are
included in the Land use change impacts.

Issues that are similar to the Land Use Change’s:

- As for LUC, the value of improved agricultural management is
- critical for a biofuel classification as a renewable energy or not.

GHG calculation course for verifier trainers www.biograce.net
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CO, storage and replacement — general principles

What do CO, storage and replacement account for?

« CO, capture and geological storage (CCS):

Emission saving from carbon capture and geological storage e.., that have not
already been accounted for in ep, shall be limited to emissions avoided through
the capture and sequestration of emitted CO, directly related to the
extraction, transport, processing and distribution of fuel. (in the RED Directive,
Annex V.C.14)

« CO, capture and replacement (CCR):

Emission saving from carbon capture and replacement, e..,, shall be limited to
emissions avoided through the capture of CO, of which the carbon originates from
biomass and which is used to replace fossil-derived CO, used in commercial
products and services. (in the RED Directive, Annex V.C.15)

Example of CO, replacement: use of captured CO2 to replace CO2 to
greenhouses, that originally was produced by burning natural gas.

GHG calculation course for verifier trainers www.hiograce.net
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CO, storage and replacement — issues for biofuels

.« The RED Directive mentions a credit for CO, avoided by
CCS and CCR, in Annex V.C.14 and Annex V.C.15.

© « However, no supporting methodology is proposed in the
- Directive.

Do CO, capture involves additional energy and possibly CO,
emissions. Thus the amount of CO, avoided is not the same
as the CO, captured.

®* GHG calculation course for verifier trainers www.biograce.net
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CO, storage and replacement — calculation sheet

» CO, capture and replacement (e.,) and CO, capture and
geological storage (e..) are the last modules of each pathway.

« Both modules are directly filled by users without intermediary
calculation.

CO, capture and replacement

Emissions per MJ FAME
0 COzeg / Mlraye 0,00

Result g COzeq / Mdrmue

CO, capture and geological storage

Emissions per MJ FAME
00 COze0 / Mdraye 0,00

Result q CO2eq f MJppue

GHG calculation course for verifier trainers
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CO, storage and replacement — calculation sheet

« The white cells have to be filled with a positive value.

» The credit from the CO, storage or replacement is automatically
deducted in the upper part of the sheet.

A B C D E

B Production of Ethanol from Sugarcane

, |Overview Results

4 All re on- allocated Allocatio Allocated ota
5 g CO ;e

6 afion e,

7 Cultivation of sugarcane 14,33 100% 14,33

4 Transport of vinasse and fil 0,14 100% 0,14

¥ Processing e, 0,9
10 Ethanal plant 0.85 100% 0,85

1 = Btd 9,0
12 Transport of sugarcane 085 100% 0,85

13 Transport of ethanol 773 100% T.73

14 Filling station 0.44 100% 0,44

i3 Land use ange e 4 00®

i[5} Bonus (restored degrad 0,0 00,0% D,0 0,0
17 € = 00,0 00,0 00,0
11 Totals |=SOMME(B7:B16)-B17 |

E Track ch OFF When using this
- rack cnandes: i
29 Calculation per phase g The rules are inc

Emissions per MJ ethanol

50'g COg .oy / MJztnanal

Result g €Oz ¢q / MJethanol 50,00

GHG calculation course for verifier trainers
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5. Exercice and examples on CO, storage
or replacement
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Exercice on CO, storage and replacement —the
consumption of CO, by greenhouses

* Question 1: If CO, captured from an ethanol plant is used as
fertiliser in a greenhouse, does it lead to a CCR credit?

© Answer : It depends on the origin of the CO2 previously used in the
- reference scenario:

*The CO2 came from the atmosphere - no CCR credit

*The CO2 came from a fossil fuel combustion:
o And the use of captured CO2 from the Ethanol plant leads to
stop fossil fuel burning = CCR credit is possible

: o But fossil fuel still needs to be burnt =2 no CCR credit
. (see the following example)

. ®* GHG calculation course for verifier trainers
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CO, storage and replacement — example of the consumption
of CO, by greenhouses

- Reference scenario:;

Winter | Summer
A A A
|
|
I
Consumption ' Consumption
Energy I
of CO2 as consumption ! of CO2 as
fertiliser : fertiliser
[ T T
|
I
: CO, + Heat : | CO,
] | !
| ]
|
Natural Gas Natural Gas

GHG calculation course for verifier trainers
September 10th and 11th, 2012, at Agency NL.
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CO, storage and replacement — example of the consumption

of CO, by greenhouses
-> Scenario with CO2 captured at Ethanol plant and provided by pipeline:

: I
Winter I Summer

Consumptlon of CO, as
fertiliser Potential

CCR

Energy
% consumption

NO COZ from T
CCR thg pipeline C02 + Heat ,

Consumption
. of CO2 as
fertiliser

during

* summer

COZ from the pipeline

during

winter }r »® T

|
Natural Gas |<__>

/ CO2 capture
at the Ethanol
\ plant

Slide 48
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CO, storage and replacement — example of the consumption
of CO, by greenhouses

 Question 2: How to calculate the CCR credit for the situation in
summer?

Considering only the amount of CO2 replaced does not lead to a
comprehensive result.

Calculations have to account for all the environmental costs generated by
the capture of CO, at the ethanol plant, transportation and use of CO.,.

If the environmental costs are higher than GHG emissions savings, then
there is no CCR credit.

Example of additional environmental cost:
GHG emissions due to the building of pipelines for CO, transportation.

GHG calculation course for verifier trainers www.biograce.net
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CO, storage and replacement — example of the consumption
of CO, by greenhouses

- Environmental cost:
TJ Summer

Consumption of CO, as :

CO, trom fertiliser CCR
. NG boiler during
. ® summer?
: CoO,
. —> CO3 from the pipeline
. Transport pipeline Natural Gas
. (steel): 97 km pipeline
.« Distribution pipeline CO2 capture
° (HDPE): 200 km at the Ethanol
- » Total supply: 400,000 plant
. tons of CO2 per year
Slide 50 E GHG calculation course for verifier trainers www.biograce.net
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BioGrace — partners and contact

* Project coordinator
Agentschap NL (Agency NL)
John Neeft

* Project partners

- AEBIOM, Europe (Jean-Marc Jossart)
- BE2020, Austria (Nikolaus Ludwiczek)
- BIO IS, France (Perrine Lavelle)

- IFEU, Germany (Horst Fehrenbach)

- STEM, Sweden (Anders Dahlberg)
- VREG, Belgium (Jimmy Loodts)

* Project website:  www.BioGrace.net
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