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Carbon accounting course
RED II method for calculating the carbon impact of renewable fuel compared with fossil

Goal of the method 100
« Demonstrate how much greenhouse gas emissions e
are avoided by replacing a fossil fuel with a 90
renewable fuel
= 80
Result =
« The carbon footprint of the renewable fuel is § 70
calculated S
« Theresultis expressed in g CO,eq/MJ 2 60
« The CO, equivalent combines the impact of all % ‘ ‘ Q
greenhouse gases involved 2 50 /‘ /"
« Theimpact is expressed on basis of energy =
content, thus per MJ LHV (Lower Heating Value) 2 10
« Theresultis compared with a fossil comparator g
« The difference represents the greenhouse gas é 30
savings S
()]
« Usually expressed as a percentage G 90
« From this, one can also derive the total amount
of savings, for instance per batch or per year 10
Requirement in EU renewable fuels legislation 0

 All renewable fuels must achieve certain savings

. L Fossil fuel Renewable fuel
» These savings should be proven by certification




Greenhouse gas emission reduction thresholds
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All renewable fuels must pass a minimum emission reduction threshold (as part of their sustainability criteria)

« Different thresholds exist, and depend on type of fuel and age of the conversion installation

« The 2009 RED | introduced a generic threshold of 35%, which was increased by the 2015 ILUC Directive and the 2018 RED |l
« RED thresholds also apply to FuelEU Maritime, ReFuelEU Aviation and ETS

2018 RED Il greenhouse gas emission reduction thresholds for renewable fuels used in transport

« 50% for biofuels and biogas, produced in installations that were in operation on or before 5 October 2015

60% for biofuels and biogas, produced in installations that started operation from 6 October 2015 until 31 December 2020
65% for biofuels and biogas, produced in installations that start operation from 1 January 2021

70% for renewable fuels of non-biological origin (any date)

70% for recycled carbon fuels (any date)

RED Il fossil comparator

« For biofuels, renewable fuels of non-biological origin (RFNBOs) and recycled carbon fuels (RCFs),
the comparator Eq; is 94 g CO,e,/MJ

» For bioliquids for the production of electricity, the fossil fuel comparator ECq ) is 183 g COyeq/MJ
For bioliquids for the heating and/or cooling, the fossil fuel comparator ECr,¢) is 80 g CO,eq/ MJ
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biomethane | wet manure - close digestate, off-gas combustion [ ]
biomethane | wet manure - close digestate, no off-gas combustion ]
biomethane | wet manure - open digestate, off-gas combustion ]
biomethane | wet manure - open digestate, no off-gas combustion ]

Fischer-Tropsch diesel from black-liquor gasification integrated with pulp mill |
Fischer-Tropsch petrol from black-liquor gasification integrated with pulp mill |
dimethylether (DME) from black-liquor gasification integrated with pulp mill |
methanol from black-liquor gasification integrated with pulp mill |
waste wood dimethylether (DME) in free-standing plant |
waste wood methanol in free-standing plant |
biomethane | biowaste - close digestate, off-gas combustion [ ]
waste wood Fischer-Tropsch diesel in free-standing plant |
waste wood Fischer-Tropsch petrol in free-standing plant |
wheat straw ethanol [ ]
biomethane | biowaste - close digestate, no offgas combustion | Annex IX-B biofuels
biomethane | biowaste - open digestate, off-gas combustion ]
biomethane | biowaste - open digestate, no off-gas combustion ] Food and feed crop based biofuels

Annex IX-A biofuels

pure oil from waste cooking oil |
waste cooking il biodiesel [ ]
hydrotreated vegetable oil fromwaste cooking oil [ ]
animal fats from rendering biodiesel | ]
hydrotreated oil from animal fats from rendering [ ]
[ |

sugar beet ethanol | with biogas from slop, natural gas as process fuel in CHP-plant
sugar beet ethanol | with biogas from slop, natural gas as process fuel in conventional boiler [ ]
sugar beet ethanol | no biogas from slop, natural gas as process fuel in CHP-plant -
sugar beet ethanol | with biogas from slop, lignite as process fuel in CHP-plant -
sugar cane ethanol
corn (maize) ethanol | forest residues as process fuel in CHP-plant [ |
biomethane | maize whole plant - close digestate, off-gas combustion -
sugar beet ethanol | no biogas from slop, natural gas as process fuel in conventional boiler [ ]
othercereals excluding maize ethanol | forest residues as process fuel in CHP-plant
pure vegetable oil from sunflower I
pure vegetable oil from soybean [ ]
pure vegetable oil from rapeseed
pure vegetable oil from palm oil | process with methane capture at oil mill
sugar beet ethanol | no biogas from slop, lignite as process fuel in CHP-plant
hydrotreated vegetable oil from sunflower
sunflower biodiesel
corn (maize) ethanol | natural gas as process fuel in CHP-plant
soybean biodiesel
hydrotreated vegetable oil from soybean
other cereals excluding maize ethanol | natural gas as process fuel in CHP-plant
hydrotreated vegetable oil from palmoil | process with methane capture at oil mill

||
[ |
[
[ ]
-
—
[
[ |
[ |
biomethane | maize whole plant - close digestate, no off-gas combustion ]
I
I
[ |
[ ]
I
I

rapeseed biodiesel
biomethane | maize whole plant - opendigestate, off-gas combustion

palmoil biodiesel | process with methane capture at oil mill I Position
hydrotreated vegetable oil from rapeseed ] ] actual value?
cor‘n (mal;e) ethanol | natural gas as process fuel !n conventllonal boA|Ier dEmutivaliE typicaj Ee BEETEE
other cereals excluding maize ethanol |(hatural gas as process fuel in conventional boiler GHG saving GHG saving calkulation! y

corn (maize) ethanol | lignite as process fuel in CHP-plant . .
pure vegetable oil from palm oil | open effluent pond fossil fuel comparator: 94 gC0O./MJ
other cereals excluding maize ethanol | lignite as process fuel in CHP-plant

I
biomethane | maize whole plant - open digestate, no off-gas combustion ]

hydrotreated vegetable oil from palmoil | open effluent pond
palmoil biodiesel | open effluent pond

Platform Threshod for plantsin L Threshold for plants starting

Hernieuwbare operation before 5/10/2015 A e operation from 1/1/2021
Threshold for plants starting operation

Brandstoffen. from 6/10/20015 until 31/12/2020

[EC 2018, Renewable Energy Directive, (EU)2018/2001, Annex V.A and .B, and Annex V]



Increasing necessity to know the actual greenhouse gas emission

Actual greenhouse gas emission
- The greenhouse gas emission, calculated according to the RED accounting rules
& Certified by an EC approved voluntary certification scheme

Default values are often not sufficient to meet increasing RED Il thresholds
« Thresholds increase
« Default values are threefold conservative

« Typical values are based on literature >10 years old

* Literature is always behind on practice

 Default values are on purpose conservative compared to typical
(default emissions from processing are defined as 40% higher than typical)

2023 RED Il amendment greenhouse gas intensity targets appreciates actual values

« Already practice in German market

« RED Il amendment moves from volume obligation to greenhouse gas intensity reduction obligation
- Better performance gives higher €/tonne value
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RED II greenhouse gas accounting methodology for renewable fuels

RED Il includes detailed accounting methodology
« RED Il Annex V methodology to calculate the actual greenhouse gas emissions from the production and use of biofuels

« Annex of the Commission Delegated Regulation on greenhouse gas emissions of renewable fuels of non-biological origin
(RFNBOs) and recycled carbon fuels (RCFs)

Main formula (for biofuels)
E:eec te+ ep T €4 T €y~ Csca Cces ™ Coor

With

e.. = emissions from extraction or cultivation of raw materials

e, = emissions from land carbon stock changes, explained below ep = emissions from processing
ey = emissions from transport and distribution

e, = emissions from fuel in use

€., = €mission savings from soil carbon accumulation via improved agricultural management
€..s = €mission savings from CO, capture and geological storage

e.r = emission savings from CO, capture and replacement

» Note that emissions from fuel in use e, are zero for renewable fuels, since these emissions are equal to the amount of CO, that
was absorbed from the atmosphere during the cultivation of the original crop
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RED II greenhouse gas accounting methodology for renewable fuels
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Simplified layout of biofuels supply chains
« In reality, supply chains can have multiple feedstocks, multiple conversion steps, etcetera

Cultivation
or collection
of feedstock

> Transport

End-use

€ec
Emissions during

feedstock
production

€14
Emissions of
transport and
distribution

Ox

€y

End-of-life emissions

€ Q

Emissions or
savings following
land use change

Most emission
items are

"~ €5ca
Soil carbon
accumulation from
improved
agricultural

O’/ located in a

single supply
chain step

management

Conversion [—| Distribution
@) e @) e
Emissions of Emissions of
processing transport and
distribution
T~
o
eccs

Savings from CO,
capture and
geological storage

@
~ Ccer
Savings from CO,
capture and
replacement

Conversion related emissions could occur
over multiple conversion steps, even
separated by intermediate transport

\etd grabs together

the emissions of
all transport steps
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RED II calculation method for the greenhouse gas impact of renewable fuels
Overall approach

Map and understand the supply chain

Make inventory of activities

Understand mass and energy balances, and main flow volumes
Apply impact factors to activities

Account for co-products via energy allocation

o oA W~

Aggregate the impacts

studio



RED II calculation method for the greenhouse gas impact of renewable fuels

1. Map the supply chain

Example: production of ethanol from wheat straw

Collection of
wheat straw

» Part of the straw is harvested
* Remainder is ploughed in the soil to
enhance soil structure and soil carbon
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Wheat straw
transport

Pre-treatment, Ethanol

——| Hydrolysis & ——— > End-use

Fermentation distribution

Straw is chopped and pre-treated with steam Ethanol is traded, blended in gasoline
Enzymes are used to convert the and used in vehicles

(hemi)cellulose to sugars

C5 and C6 sugars are fermented to ethanol

Lignin is separated and used to generate

process heat

10



RED II calculation method for the greenhouse gas impact of renewable fuels

2. Make inventory of activities
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Example: production of ethanol from wheat straw

Collection of
wheat straw

Wheat straw
transport

Use of tractor for
harvesting, baling,
collecting straw

Pre-treatment,
Hydrolysis &
Fermentation

Regional truck
transport

Ethanol
distribution

End-use

Other activities
are allocated to
the main product
wheat

Process heat is
supplied by
combusting lignin

Ship and truck
transport to
Netherlands

Conversionas a
black box
efficiency

Use of various
reactants

11



RED II calculation method for the greenhouse gas impact of renewable fuels
3. Understand mass and energy balances, and main flow volumes

0.0001 ha
—_—
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« Obtain or search detailed information about all activities

» Understand all material inputs and outputs

5.8 liter diesel
/tonne strawbale

|

Collection of
wheat straw

0.23 kg straw

13% moisture
r—|

40t truck-trailer
transport

200 km one way

@ 1.1 MJ diesel
/tonne/km

|

Wheat straw
transport

0.23 kg straw

13% moisture
———

Consumption of
reactants per tonne
ethanol:

130 kg NaOH
52 kg Ca0
4 kg ammonium
sulphate
11 kg ammonia
& many others

|

Pre-treatment,
Hydrolysis &
Fermentation

Inland ship transport
to Netherlands
2500 km
@ 0.12 MJ HFO
/tonne/km

Tank truck transport
to gas station
50 km one way

@ 1.0 MJ diesel
/tonne/km
1 MJ ethanol Ethanol 1 MJ ethanol
distribution

End-use

12



RED II calculation method for the greenhouse gas impact of renewable fuels
4. Apply impact factors to activities

Activities cause impacts

« Each activity has an impact, either directly, or upstream, or both

» Energy and material use causes impacts
» Diesel use in a tractor: requires oil exploration, refining, and causes emissiosn during use
» Fertiliser: Production requies natural gas, some factories cause N,O emissions, application causes field-N,O emissions
» Phosphate and sulphate ingredients for the hydrolysis-fermentation process require mining

Examples
» 86 kg diesel/ha/year x 4.1 kg CO,eq/kg = 353 kg CO,eq/ha/year
« 4.1 kg CO,eq is the well-to-wheel emission for the full supply and use of 1 kg fossil diesel
« 109 kg N-fertiliser/ha/year x 5.88 kg CO,eq/kg = 641 kg CO,eq/ha/year
* Field-N,O emissions must be calculated separately

The impact from capital goods is negligible
« Construction of tractors and trucks, factories, gas stations is generally ignored
» Exception could be when the capital good is expected to have a significant impact, for instance batteries in electric vehicles

Suggested data sources for impact factors
« Several JRCreports

 Biograce 4d

« EU PEF database

« |SCC guidance
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RED II calculation method for the greenhouse gas impact of renewable fuels
5. Account for co-products

» Co-products carry part of the environmental & climate burden caused by the supply chains

« RED methodology = energy allocation
« At a point where multiple products are produced, the upstream climate impact is distributed

» Such that each energy unit, i.e. MJ gets the same burden or g CO,eq/MJ
28%

0.40 MJ electricity

o)
0.23 kg straw 0.23 kg straw Pre-treatment 72 70

0.0001 ha Collection of [13% moisture| \Wheat straw | 13% moisture . * |1 MJ ethanol Ethanol 1 MJ ethanol
—_— > > Hyd I'O|ySIS & /> . .. . End-use

wheat straw transport : distribution

Fermentation
5.55 g/MJ output 5.84 g/MJ output 7.63 g/MJ output 2.19 g/MJoutput ——» 2t2g/fvidetitanot
X X X X
72% 72% 72% 100%
4.0 g/MJ ethanol 4.2 g/MJ ethanol 5.5 g/MJ ethanol 2.2 g/MJ ethanol 15.8 g/MJ ethanol
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RED II calculation method for the greenhouse gas impact of renewable fuels
6. Aggregate the impacts

Result 100
« The production of ethanol from straw in Romania (applying  ~ pesssssssssr-—-—---7—---
parameters from literature & own assumptions) has a supply 90
chain greenhouse gas emission of 15.8 g CO,eq/MJ
« All the main steps have a significant contribution to the total = 80
emission =
O
 Ethanol transport from the production site to the Port of § /0
Rotterdam causes less emissions than the local transport of ©
the straw feedstock — 60
=
» Process emissions are mainly caused by three reactants: 2 "
2]
« 30% by antifoam agent (propylene glycol assumed) £ 83%
« 33% by sodium hydroxide (NaOH) 2
« 30% by calcium oxide (Ca0O) ;
« Itis unknown in how far the use of these reactants can be 3 30
reduced, or if they could be sourced with lower carbon =
footprint than what was found in literature g 20
» Co-produced lignin is used to provide process energy S S
(thereby saving natural gas), and for the co-production of 0
electricity, which carries away 28% of the upstream climate
impact
0

Fossil comparator
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Ethanol transport
m Conversion to ethanol
Wheat straw transport
m Wheat straw collection

End -use

Ethanol from straw



Extensions and variations
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In some cases, special credits apply
« Credit for carbon capture and storage eccs Or replacement eqcr
« Credit for activity that increases soil carbon accumulation, viaimproved agricultural management practice e,

« Credit for carbon stock changes caused by direct land-use change ¢,

The carbon footprint of recycled carbon fuels (RCFs) is calculated in similar manner, but
« Elastic sources (that would increase if the demand would increase) are not allowed

« For rigid sources (their volume would not increase with demand) their current use would need to be compensated

Also the carbon footprint for e-fuels (RFNBOs: Renewable Fuels of Non Biological Origin) is calculated in similar manner, but
» The renewable electricity must comply with additionality rules to avoid canibalising on existing renewable electricity capaciy

« CO, of fossil origin can only be used until 2041 (except from power generation: until 2036)

 |f CO, is sourced from an ETS obliged facility, then the emissions are assumed to take place and allowances are required

« |If CO, is sourced from a biofuel producer (e.g. from ethanol), the biofuel producer cannot claim carbon capture credit eqcg

16
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Contact details

Carlo Hamelinck
carlo.hamelinck@studiogearup.com
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Cruquiusweg 11TA
1079 AG Amsterdam
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