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This thesis systemises the regulatory framework established by the recast Directive (EU)
2018/2001 on the promotion of the use of energy from renewable sources (RED II) for
synthetic Power-to-X (P2X) fuels. The aim is to identify and analyse the key regulatory
challenges regarding the exploitation of raw materials, hydrogen and carbon dioxide
(CO2), as well as utilisation of the end products. Consequently, challenges regarding the
production process of P2X fuels are taken into account. In order to assess the regulatory
framework of the P2X fuels, it is essential to comprehend the regulatory environment set
forth for hydrogen and CO», as the origin of the energy and the production process will
define whether the P2X fuel falls within the category of renewable liquid and gaseous
fuels of non-biological origin (RFNBOs) or recycled carbon fuels (RCFs). In light of my
conclusions, I apply the findings made in this thesis in practice by evaluating the regula-
tory treatment of the P2X Joutseno pilot plant. Lastly, the thesis provides recommenda-
tions to develop the regulatory framework at the EU level as well as presents argumenta-
tion on how the provisions could be transposed into national legislation to facilitate fur-
ther deployment of P2X fuels.

The analysis in this thesis is built on legal dogmatics and more specifically, theoretical
environmental law. In addition, the tools provided by regulatory theory are utilised in
order to take up a more comprehensive approach to the research questions. The primary
object of the analysis is RED II. Moreover, to examine further development of the regu-
latory framework of P2X fuels, emphasis is given to several communications adopted by
the European Commission (EC).

Although RED Il recognises P2X fuels, the conclusions of this thesis suggest that it seems
to lack the ability to adapt evolving technological innovations and the increasing demand
for renewable and low-carbon transport fuels. Although further details of RED II are still
to be introduced by the delegated acts to be adopted by the EC during 2021, the regulatory
architecture and the particular requirements seem to take an overly critical approach to-
wards RCFs and RFNBOs by undermining their potential and establishing unnecessary
barriers. Due to these drawbacks, operators lack the encouragement to invest in P2X tech-
nologies compared to other competing pathways. The deficiencies undermining the ap-
propriate incentives to RFNBOs and RCFs need to be thoroughly addressed to provide
adequate regulatory certainty to support the large-scale introduction of P2X fuels.

Keywords: Power-to-X, P2X, synthetic fuels, renewable liquid and gaseous transport

fuels of non-biological origin, RFNBOs, recycled carbon fuels, RCFs, energy, renewable
energy, hydrogen, electricity, carbon dioxide

II



Contents

COMLENIES ...ttt ettt ettt et e bt e et e sb e st e s it e e bt e saeesbeenaeeenne I
BibIIOGIAPNY ..ottt et ettt eeraeebeeneaeenraen vV
ADDIEVIATIONS ..ttt ettt ettt et e st e et e s it e et e seeeeabeesneeenbeeenee XIX
L. INEPOAUCTION ...ttt ettt ettt e e 1
L1, Background .........c.cooieeiiiiieiieciieeeeeee ettt et 1
1.2, ODbJeCtiVe aNd SCOPE.....eeeriieeiieeiiieeeiee et e erteeete e et eesrreesbeeesbeeessseeesnseeenneas 4
1.3, Research Method and Materials............cccerieriininiiinienieeeeeeee 6
L4 SETUCHUTE ..ttt ettt e e et e et e s eateesneees 7

2. Legislative Framework of Power-to-X Fuels.........ccccooevieviiiiiiiniieiiiecieceeeeee, 8
2.1, Introductory Remarks..........ccccuieeiiiiiiiiieiieecee e 8
2.2.  Characteristics of POwer-to-X Fuels ......c..ccccevvieriiniiiiniiniieneceeceee 8
2.2.1. Concept of Power-to-X Technology ..........ccceeeeviieeiiiiniiieeieeeee e 8
2.2.2. Drivers for Power-t0-X FUels.......c.ccooceiiiiiiiiniiiiiienecceceeeesee 11

2.3.  Recast Renewable Energy DIr€Ctive ..........cocueeviiiiiieniesiiieniieeieese e 15
2.3.1. Objectives of the Recast Renewable Energy Directive..........cccceeevvennnnne. 15
2.3.2. Defining Power-to-X Fuels ........ccccooiiiiiiiiiiiiiieeeee e 20

3. Raw Materials of Power-to-X FUels ........cccoeiiiiiiiiiiiie e 21
3.1, Introductory REmMArKs..........cccveriiiiiiiiiiiiienie et 21
3.2 HYATOZEN ..o et 22
3.2.1. Assessing the Green Value of Hydrogen ..........c.ccceevveeeiieniiiiienieeieeee. 22
3.2.2. Verifying the Origin of Hydrogen..........cccccooeeviriiniiniiiiniinecicnicneene 26

3.3.  Carbon Capture and UtiliSation..........c.eeeueeriieiiienireiiienieeieeeee e see e 31
3.3.1. CarbON SOUICES .....eeeuiieiiieiieiie ettt ettt ettt et st e e 31
3.3.2. Carbon Dioxide ACCOUNTING .....c.eeoveriieriieiiiierieeierieieee et 35

4. Classification of End Products...........cccoooiiiiiiiiiiiiiiniieeeeee e 40
4.1.  Introductory Remarks..........cccccuireiiiieiiiiiiecie e 40
4.2.  Renewable Liquid and Gaseous Transport Fuels of Non-Biological Origin..41
4.2.1. Contribution Towards Renewable Targets........c.cccccvevvveerciveencreeenieeenen. 41
4.2.2. Requirement for Additional Renewable Electricity Generation Capacity 43
4.2.3. Verifying the Origin of Electricity: GOs and PPAs.......c..ccccceviiniinicnn 50
4.2.4. Methodology for Assessing Greenhouse Gas Emissions Savings............ 55

4.3. Recycled Carbon FUels ........ccccueieiiiiiiiiiieeceee e 58
4.3.1. Contribution Towards Renewable Targets...........cceceereevereenecnenniennene. 58
4.3.2. Minimum Thresholds and Methodology for Greenhouse Gas Emissions
SAVIIIZS .ttt ettt ettt b ettt ettt et 59

4.4,  Measures to Support Deployment..........ccccueeriieiniieiniiieenie e 60

5. Power-to-X Joutseno Pilot Plant.........c..ccooiiiiiiiiiiiiiiiiceeee e 65
6. Concluding Remarks .........cccuoiiuiiiiiiiiiiiieeeee e 69

III



Bibliography
Literature

ACER - CEER 2019
The Bridge Beyond 2025, Conclusion Paper. Agency for the Cooperation of En-
ergy Regulators and Council of FEuropean Energy Regulators 2019.
(https://www.acer.europa.eu/Official_docu-
ments/Acts_of the Agency/SD_The%20Bridge%20be-
yond%202025/The%20Bridge%20Beyond%202025 Conclusion%20Paper.pdf,
accessed on 18 October 2020).

Barnes 2020
Barnes, Alex, Can the current EU regulatory framework deliver decarbonisation
of gas? The Oxford Institute for Energy Studies 2020. (https://www.oxforden-
ergy.org/wpcms/wp-content/uploads/2020/06/Can-the-current-EU-regulatory-
framework-deliver-decrbonisation-of-gas-Insight-71.pdf, accessed on 20 August
2020).

Bracker 2017
Bracker, JoB3 — Timpe, Chr‘i'stof, An outline of sustainability criteria for synthetic
fuels used in transport. Oko-Institut e.V. 2017. (https://www.oeko.de/filead-

min/oekodoc/Sustainability-criteria-for-synthetic-fuels.pdf, accessed on 6 Octo-
ber 2020).

CertifHy 2019
CertifHy-SD Hydrogen Criteria. CertifHy 2019. https://www.certithy.eu/im-
ages/media/files/CertifHy 2 deliverables/CertifHy H2-criteria-definition_V1-
1 2019-03-13 clean_endorsed.pdf (accessed on 26 August 2020).

Chiaramonti — Goumas 2019
Chiaramonti, David — Goumas, Theodor, Impacts on industrial-scale market de-
ployment of advanced biofuels and recycled carbon fuels from the EU Renewable
Energy Directive II. Applied Energy 251/2019. (https://www-sciencedirect-
com.ezproxy.utu.fi/science/article/pii/S0306261919310256?via%3Dihub, ac-
cessed on 23 July 2020).

Christensen — Petrenko 2017
Christensen, Adam — Petrenko, Chelsea, CO-Based Synthetic Fuel: Assessment
of Potential European Capacity and Environmental Performance. International
Council on Clean Transportation 2017. (https://theicct.org/sites/default/files/pub-
lications/CO2-based-synthetic-fuel-EU-assessment ICCT-consultant-re-
port 14112017 vE _2.pdf, accessed on 2 September 2020).

Conti 2020a
Conti, Ilaria, How Many Shades of Green? An FSR Proposal for a Taxonomy of
‘Renewable’ Gases. Florence School of Regulation 06/2020. (https://cad-
mus.eui.eu//handle/1814/66356, accessed on 24 August 2020).

Conti 2020b
Conti, Ilaria, Highlights from the Policy Workshop on The Role of GOs in Pursu-
ing Energy Sector Decarbonisation. Florence School of Regulation 2020.

v


https://www.acer.europa.eu/Official_documents/Acts_of_the_Agency/SD_The%20Bridge%20beyond%202025/The%20Bridge%20Beyond%202025_Conclusion%20Paper.pdf
https://www.acer.europa.eu/Official_documents/Acts_of_the_Agency/SD_The%20Bridge%20beyond%202025/The%20Bridge%20Beyond%202025_Conclusion%20Paper.pdf
https://www.acer.europa.eu/Official_documents/Acts_of_the_Agency/SD_The%20Bridge%20beyond%202025/The%20Bridge%20Beyond%202025_Conclusion%20Paper.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2020/06/Can-the-current-EU-regulatory-framework-deliver-decrbonisation-of-gas-Insight-71.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2020/06/Can-the-current-EU-regulatory-framework-deliver-decrbonisation-of-gas-Insight-71.pdf
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2020/06/Can-the-current-EU-regulatory-framework-deliver-decrbonisation-of-gas-Insight-71.pdf
https://www.oeko.de/fileadmin/oekodoc/Sustainability-criteria-for-synthetic-fuels.pdf
https://www.oeko.de/fileadmin/oekodoc/Sustainability-criteria-for-synthetic-fuels.pdf
https://www.certifhy.eu/images/media/files/CertifHy_2_deliverables/CertifHy_H2-criteria-definition_V1-1_2019-03-13_clean_endorsed.pdf
https://www.certifhy.eu/images/media/files/CertifHy_2_deliverables/CertifHy_H2-criteria-definition_V1-1_2019-03-13_clean_endorsed.pdf
https://www.certifhy.eu/images/media/files/CertifHy_2_deliverables/CertifHy_H2-criteria-definition_V1-1_2019-03-13_clean_endorsed.pdf
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S0306261919310256?via%3Dihub
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S0306261919310256?via%3Dihub
https://theicct.org/sites/default/files/publications/CO2-based-synthetic-fuel-EU-assessment_ICCT-consultant-report_14112017_vF_2.pdf
https://theicct.org/sites/default/files/publications/CO2-based-synthetic-fuel-EU-assessment_ICCT-consultant-report_14112017_vF_2.pdf
https://theicct.org/sites/default/files/publications/CO2-based-synthetic-fuel-EU-assessment_ICCT-consultant-report_14112017_vF_2.pdf
https://cadmus.eui.eu/handle/1814/66356
https://cadmus.eui.eu/handle/1814/66356

https://fsr.eui.eu/the-role-of-gos-in-the-energy-sector-decarbonisation/ (accessed
on 24 August 2020).

Energiateollisuus ry 2020
Luonnos hallituksen esitykseksi laiksi energian alkuperitakuista, lausunto, Ener-
giateollisyys ry 2020. https://api.hankeikkuna.fi/asiakirjat/b58e748b-2f2-4917-
bb60-6089e9e6fac5/2693324¢-4cbb-41£7-9288-cbfbaa913638/LAU-
SUNTO_20200930080418.PDF (accessed on 11 November 2020).

European Environment Agency 2019a
Greenhouse gas emissions from transport in Europe. European Environment
Agency 2019. (https://www.eea.europa.eu/data-and-maps/indicators/transport-fi-
nal-energy-consumption-by-mode/assessment-10/download.pdf, accessed on 27
July 2020).

European Environment Agency 2019b
Transport: increasing oil consumption and greenhouse gas emissions hamper EU
progress towards environment and climate objectives. European Environment
Agency 15/2019. (https://www.eea.europa.eu/publications/transport-increasing-
oil-consumption-and/at_download/file, accessed on 27 July 2020).

Floristean 2019
Floristean, Alexandru, Deliverable 4.5, EU policy Paper. HyLAW 2019.
(https://www.hylaw.eu/sites/default/files/2019-06/EU%20Policy%20Pa-
per%20%28June%202019%29.pdf, accessed on 18 August 2020).

Fuel Cells and Hydrogen Joint Undertaking 2019
Hydrogen Roadmap Europe, A sustainable pathway for the European energy tran-
sition. Fuel Cells and Hydrogen Joint Undertaking 2019. (https:/fch.eu-
ropa.eu/sites/default/files/Hydrogen%20Roadmap%20Europe_Report.pdf, ac-
cessed on 10 August 2020).

FWPA 2019
Power purchase agreements — Pitkdaikaiset sdhkdnostosopimukset, Informaatio-
materiaali. The Finnish Wind Power Association 2019. (https://www.tuulivoi-
mayhdistys.fi/media/sty_ppa_materiaalipaketti final 20180211.pdf, accessed on
2 October 2020).

Guil-Lopez — Mota — Llorente — Millan — Pawelec — Fierro — Navarro 2019
Guil-Lépez, R. —Mota, N. — Llorente, J. — Millan, E. — Pawelec, B. — Fierro, J.L.G.
— Navarro, R.M., Methanol Syntehsis from CO»: A Review of the Lates Develop-

ments in Heterogeneous Catalysis. Materials 12/2019.
(https://www.mdpi.com/1996-1944/12/23/3902#cite, accessed on 22 October
2020).

Hamburger 2019

Hamburger, Akos, Is guarantee of origin really an effective energy policy tool in
Europe? A critical approach. Society and Economy 4/2019, p. 487-507.
(https://akjournals.com/view/journals/204/41/4/article-p487.xml, accessed on 30
September 2020).

Harrison — Malins — Saerle — Baral — Turley — Hopwood 2014


https://fsr.eui.eu/the-role-of-gos-in-the-energy-sector-decarbonisation/
https://api.hankeikkuna.fi/asiakirjat/b58e748b-2ff2-4917-bb60-6089e9e6fac5/2693324c-4cbb-41f7-9288-cbfbaa913638/LAUSUNTO_20200930080418.PDF
https://api.hankeikkuna.fi/asiakirjat/b58e748b-2ff2-4917-bb60-6089e9e6fac5/2693324c-4cbb-41f7-9288-cbfbaa913638/LAUSUNTO_20200930080418.PDF
https://api.hankeikkuna.fi/asiakirjat/b58e748b-2ff2-4917-bb60-6089e9e6fac5/2693324c-4cbb-41f7-9288-cbfbaa913638/LAUSUNTO_20200930080418.PDF
https://www.eea.europa.eu/data-and-maps/indicators/transport-final-energy-consumption-by-mode/assessment-10/download.pdf
https://www.eea.europa.eu/data-and-maps/indicators/transport-final-energy-consumption-by-mode/assessment-10/download.pdf
https://www.eea.europa.eu/publications/transport-increasing-oil-consumption-and/at_download/file
https://www.eea.europa.eu/publications/transport-increasing-oil-consumption-and/at_download/file
https://www.hylaw.eu/sites/default/files/2019-06/EU%20Policy%20Paper%20%28June%202019%29.pdf
https://www.hylaw.eu/sites/default/files/2019-06/EU%20Policy%20Paper%20%28June%202019%29.pdf
https://fch.europa.eu/sites/default/files/Hydrogen%20Roadmap%20Europe_Report.pdf
https://fch.europa.eu/sites/default/files/Hydrogen%20Roadmap%20Europe_Report.pdf
https://www.tuulivoimayhdistys.fi/media/sty_ppa_materiaalipaketti_final_20180211.pdf
https://www.tuulivoimayhdistys.fi/media/sty_ppa_materiaalipaketti_final_20180211.pdf
https://www.mdpi.com/1996-1944/12/23/3902#cite
https://akjournals.com/view/journals/204/41/4/article-p487.xml

Harrison, Pete — Malins, Chris — Saerle, Stephanie — Baral, Anil — Turley, David
— Hopwood, Lucy, Wasted: Europe’s untapped resource, An Assessment of Ad-
vanced Biofuels from Wastes & Residues. International Council of Clean Tra-
sportation 2014. (https://theicct.org/sites/default/files/publications/ WASTED-fi-
nal.pdf, accessed on 11 October 2020).

Hiilineutraali Suomi 2020
Hiilineutraali Suomi. LUT University — StI - Wairtsild 2020.
https://www.lut.fi/documents/10633/586301/Hiilineutraali%2BSuomi%?2Bra-
portti%2B18.9.2020.pdf/4e334624-3b24-4da4-b98c-59eb36¢c5da73 (accessed on
22 September 2020).

Hydrogen Europe 2019
Hydrogen Europe Vision on the Role of Hydrogen and Gas Infrastructure on the
Road Toward a Climate Neutral Economy — A Contribution to the Transition of
the Gas Market. Hydrogen Europe 2019. (https://ec.eu-
ropa.eu/info/sites/info/files/hydrogen_europe - vision_on_the role _of hydro-
gen_and_gas_infrastructure.pdf, accessed on 21 August 2020).

Hyvirinen 2019
Hyvirinen, Joonas, Techno-economic evaluation of carbon capture technologies
integrated to flexible renewable energy system. Master’s Thesis. Lappeenranta-
Lahti University of Technology LUT 2019. (https:/lutpub.lut.fi/bitstream/han-
dle/10024/160058/MastersThesis_Hyvarinen Joonas.pdf?sequence=1&isAllo-
wed=y, accessed on 6 August 2020).

Hénggi et al. 2019
Hianggi, Severin — Elbert, Philipp — Biitler, Thomas — Cabalzar, Urs — Teske, Sinan
— Back, Christian — Onder, Christopher, A review of synthetic fuels for passenger
vehicles. Energy Reports 5/2019, p. 555-569. (https://www.sciencedirect.com/sci-
ence/article/pii/S235248471830266X?via%3Dihub, accessed on 30 September
2020).

IEA 2019
The Future of Hydrogen, Seizing today’s opportunities. IEA 2019. (https://web-
store.iea.org/download/direct/2803, accessed on 20 October 2020)

IEA 2020
European Union 2020, Energy Policy Review. IEA 2020. (https://www.iea.org/re-
ports/european-union-2020, accessed on 28 July 2020).

IRENA 2020
Reaching zero with renewables: Eliminating CO2 emissions from industry and
transport in line with the 1.5C climate goal International Renewable Energy
Agency 2020. (https://www.irena.org/publications/2020/Sep/Reaching-Zero-
with-Renewables, accessed on 30 September 2020).

Jarvis — Samsatli 2018
Jarvis, Sean M. — Samsatli, Sheila, Technologies and infrastructures underpinning
future CO2 value chains: A comprehensive review and comparative analysis. Re-

VI


https://theicct.org/sites/default/files/publications/WASTED-final.pdf
https://theicct.org/sites/default/files/publications/WASTED-final.pdf
https://www.lut.fi/documents/10633/586301/Hiilineutraali%2BSuomi%2Braportti%2B18.9.2020.pdf/4e334624-3b24-4da4-b98c-59eb36c5da73
https://www.lut.fi/documents/10633/586301/Hiilineutraali%2BSuomi%2Braportti%2B18.9.2020.pdf/4e334624-3b24-4da4-b98c-59eb36c5da73
https://ec.europa.eu/info/sites/info/files/hydrogen_europe_-_vision_on_the_role_of_hydrogen_and_gas_infrastructure.pdf
https://ec.europa.eu/info/sites/info/files/hydrogen_europe_-_vision_on_the_role_of_hydrogen_and_gas_infrastructure.pdf
https://ec.europa.eu/info/sites/info/files/hydrogen_europe_-_vision_on_the_role_of_hydrogen_and_gas_infrastructure.pdf
https://lutpub.lut.fi/bitstream/handle/10024/160058/MastersThesis_Hyvarinen_Joonas.pdf?sequence=1&isAllowed=y
https://lutpub.lut.fi/bitstream/handle/10024/160058/MastersThesis_Hyvarinen_Joonas.pdf?sequence=1&isAllowed=y
https://lutpub.lut.fi/bitstream/handle/10024/160058/MastersThesis_Hyvarinen_Joonas.pdf?sequence=1&isAllowed=y
https://www.sciencedirect.com/science/article/pii/S235248471830266X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S235248471830266X?via%3Dihub
https://webstore.iea.org/download/direct/2803
https://webstore.iea.org/download/direct/2803
https://www.iea.org/reports/european-union-2020
https://www.iea.org/reports/european-union-2020
https://www.irena.org/publications/2020/Sep/Reaching-Zero-with-Renewables
https://www.irena.org/publications/2020/Sep/Reaching-Zero-with-Renewables

newable and Sustainable Energy Reviews 85/2018, p. 46-68. (https://www.sci-
encedirect.com/science/article/pii/S1364032118300078?via%3Dihub, accessed
on 30 September 2020).

Joint Research Centre 2016
Data requirements and principles for calculating the life cycle GHG intensity of
novel transport fuels and invitation to submit data. Joint Research Centre 2016.
(https://ec.eu-
ropa.eu/clima/sites/clima/files/transport/fuel/docs/novel _transport_fuels_de-
fault values en.pdf, accessed on 5 October 2020).

Klimscheffskij — Brockl — Vanhanen — Vérre 2019
Klimscheffskij, Markus — Brockl, Marika — Vanhanen, Juha — Virre, Ulla, Alku-
perédtakuujirjestelmin laajennus biokaasulle. Valtioneuvoston selvitys- ja tutki-
mustoiminnan julkaisusarja 72/2019. (https://julkaisut.valtioneu-
vosto.fi/bitstream/handle/10024/161980/VNTEAS 2019_73.pdf?se-
quence=1&isAllowed=y, accessed on 20 August 2020).

Koistinen 2020
Koistinen, Antti, Sementtitehtaan paistOistd polttoainetta? Lappeenrannassa
suunnitellaan harvinaislaatuista pilottilaitosta — Professori: “Olemme suuren -
relld”. Yle 2020. https://yle.fi/uutiset/3-11175010 (accessed on 22 September
2020).

Koj — Wulf — Zapp 2019
Koj, Jan Christian — Wulf, Christina — Zapp, Petra, Environmental impacts of
power-to-X systems — A review of technological and methodological choices in
Life Cycle Assessments. Renewable and Sustainable Energy Reviews 112/2019,
p. 865-879. (https://www-sciencedirect-com.ezproxy.utu.fi/science/arti-
cle/pii/S1364032119304228, accessed on 31 July 2020).

Kokko 2014
Kokko, Kai, Methods of Environmental Law Research in Finland. Scandinavian
Studies in Law 2014, p. 285-319. (https://www.scandinavianlaw.se/pdf/59-9.pdf,
accessed on 23 September 2020).

Kokko 2016
Kokko, Kai, Ympéristdoikeuden tutkimusmetodeista Suomessa. Ympdristojuri-
diikka 1/2016, p. 29-42. (https://www.edilex.fi/ymparistojuridiikka/16507.pdf,
accessed on 5 October 2020).

Kokko 2017
Kokko, Kai, Oikeustieteellinen sdintelytutkimus ympéristdoikeuden nikokul-
masta. Lakimies 7-8/2017, p. 1054-1069. (http://www.edilex.fi/lakikir-
jasto/18393.pdf, accessed on 7 October 2020).

Karki — Thomasson — Melin — Suomalainen — Saastamoinen — Hurskainen — Makikouri
2019
Kaérki, Janne — Thomasson, Tomi — Melin, Kristian — Suomalainen, Marjut —
Saastamoinen, Heidi — Hurskainen, Markus — Mékikouri, Sampo, New business
opportunities based on biogenic carbon dioxide utilisation. 14th International
Conference on  Greenhouse  Gas  Control  Technologies  2019.

VII


https://www.sciencedirect.com/science/article/pii/S1364032118300078?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1364032118300078?via%3Dihub
https://ec.europa.eu/clima/sites/clima/files/transport/fuel/docs/novel_transport_fuels_default_values_en.pdf
https://ec.europa.eu/clima/sites/clima/files/transport/fuel/docs/novel_transport_fuels_default_values_en.pdf
https://ec.europa.eu/clima/sites/clima/files/transport/fuel/docs/novel_transport_fuels_default_values_en.pdf
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161980/VNTEAS_2019_73.pdf?sequence=1&isAllowed=y
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161980/VNTEAS_2019_73.pdf?sequence=1&isAllowed=y
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161980/VNTEAS_2019_73.pdf?sequence=1&isAllowed=y
https://yle.fi/uutiset/3-11175010
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S1364032119304228
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S1364032119304228
https://www.scandinavianlaw.se/pdf/59-9.pdf
https://www.edilex.fi/ymparistojuridiikka/16507.pdf
http://www.edilex.fi/lakikirjasto/18393.pdf
http://www.edilex.fi/lakikirjasto/18393.pdf

(https://cris.vtt.fi/en/publications/new-business-opportunities-based-on-biogenic-
carbon-dioxide-utili accessed on 4 September 2020).

Lee — Park 2015
Lee, Seul-Yi — Park, Soo-Jin, A review on solid absorbents for carbon dioxide
capture. Journal of Industrial and Engineering Chemistry 23/2015, p. 1-11.
(https://www-sciencedirect-com.ezproxy.utu.fi/science/arti-
cle/pii/S1226086X 14004407 ?via%3Dihub, accessed on 20 October 2020).

Liu — Sandhu — McCoy — Bergerson 2020
Liu, Caroline M. — Sandhu, Navjot K. — McCoy, Sean T. — Bergerson, Joule A.,
A life cycle assessment of greenhouse gas emissions from direct air capture and
Fisher-Tropsch fuel production. Sustainable Energy Fuels 4/2020, p. 3129-3142.
(https://pubs.rsc.org/en/Content/ArticleLanding/2020/SE/C9SE00479C#!di-
vAbstract, accessed on 7 September 2020).

LUT University 2019
Synteettisten polttoaineiden pilotlaitoksen selvitystyd Joutsenoon kaynnistyi.
LUT University 2019. https://www.lut.fi/uutiset/-/asset_pub-

lisher/h33vOeufOQWn/content/synteettisten-polttoaineiden-pilotlaitoksen-selvi-
tystyo-joutsenoon-kaynnistyi (accessed on 22 September 2020).

Mahmoudi et al. 2017
Mahmoudi, Hamid — Mahmoudi, Maedeh — Doustdar, Omid — Jahangiri, Hessam
— Tsolakis, Athanasios — Gu, Sai — LechWyszynski, Miroslaw, A review of
Fischer Tropsch synthesis process, mechanism, surface chemistry and catalyst for-
mulation. Biofuels Engineering 2/2017, p. 11-31. (https://www.degruy-
ter.com/view/journals/bfuel/2/1/article-pl1.xml, accessed on 30 September
2020).

Malins 2017
Malins, Chris, What role is there for electrofuels technologies in European
transport’s low carbon future? Cerulogy 2017. (https://www.cerulogy.com/elec-
trofuels/power-to-the-people-what-role-is-there-for-electrofuel-technologies-in-
european-transports-low-carbon-future/, accessed on 6 August 2020).

Malins 2019
Malins, Chris, What does it mean to be a renewable electron? Regulatory options
to define the renewability of electricity used to produce renewable fuels of non-
biological origin. Cerulogy 2019. (https://www.cerulogy.com/electrofuels/what-
does-it-mean-to-be-a-renewable-electron/, accessed on 23 July 2020).

Malins 2020
Malins, Chris, Beyond biomass? Alternative fuels from renewable electricity and
carbon recycling. Cerulogy 2020. (https://theicct.org/publications/alt-fuels-re-
newable-electricity-carbon-recycling-Jun2020, accessed on 22 July 2020).

Mete — Reins 2020
Mete, Gokce — Reins, Leonie, Europe’s new Hydrogen Strategy: the questions
that still need answering. Energypost 2020. https://energypost.eu/europes-new-

VIII


https://cris.vtt.fi/en/publications/new-business-opportunities-based-on-biogenic-carbon-dioxide-utili
https://cris.vtt.fi/en/publications/new-business-opportunities-based-on-biogenic-carbon-dioxide-utili
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S1226086X14004407?via%3Dihub
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S1226086X14004407?via%3Dihub
https://pubs.rsc.org/en/Content/ArticleLanding/2020/SE/C9SE00479C#!divAbstract
https://pubs.rsc.org/en/Content/ArticleLanding/2020/SE/C9SE00479C#!divAbstract
https://www.lut.fi/uutiset/-/asset_publisher/h33vOeufOQWn/content/synteettisten-polttoaineiden-pilotlaitoksen-selvitystyo-joutsenoon-kaynnistyi
https://www.lut.fi/uutiset/-/asset_publisher/h33vOeufOQWn/content/synteettisten-polttoaineiden-pilotlaitoksen-selvitystyo-joutsenoon-kaynnistyi
https://www.lut.fi/uutiset/-/asset_publisher/h33vOeufOQWn/content/synteettisten-polttoaineiden-pilotlaitoksen-selvitystyo-joutsenoon-kaynnistyi
https://www.degruyter.com/view/journals/bfuel/2/1/article-p11.xml
https://www.degruyter.com/view/journals/bfuel/2/1/article-p11.xml
https://www.cerulogy.com/electrofuels/power-to-the-people-what-role-is-there-for-electrofuel-technologies-in-european-transports-low-carbon-future/
https://www.cerulogy.com/electrofuels/power-to-the-people-what-role-is-there-for-electrofuel-technologies-in-european-transports-low-carbon-future/
https://www.cerulogy.com/electrofuels/power-to-the-people-what-role-is-there-for-electrofuel-technologies-in-european-transports-low-carbon-future/
https://www.cerulogy.com/electrofuels/what-does-it-mean-to-be-a-renewable-electron/
https://www.cerulogy.com/electrofuels/what-does-it-mean-to-be-a-renewable-electron/
https://theicct.org/publications/alt-fuels-renewable-electricity-carbon-recycling-Jun2020
https://theicct.org/publications/alt-fuels-renewable-electricity-carbon-recycling-Jun2020
https://energypost.eu/europes-new-hydrogen-strategy-the-questions-that-still-need-answering/?utm_campaign=shareaholic&utm_medium=linkedin&utm_source=socialnetwork

hydrogen-strategy-the-questions-that-still-need-answering/?utm_cam-
paign=shareaholic&utm_medium=linkedin&utm_source=socialnetwork (ac-
cessed on 25 August 2020).

Mestre 2020
Mestre — Cristina, REDII national implementation. How Member States can de-
liver sustainable advanced transport fuels. Transport & Environment 2020.
(https://www.transportenvironment.org/publications/how-member-states-can-de-
liver-sustainable-advanced-transport-fuels, accessed on 22 July 2020).

Mohr — Raman 2013
Mohr, Alison — Raman, Sujatha, Lessons from first generation biofuels and impli-
cations for the sustainability appraisal of second generation biofuels. Energy Pol-
icy 63/2013, p. 114-122. (https://reader.else-
vier.com/reader/sd/pii/S0301421513008264?to-
ken=E6FD0F98472FB4143DC041C1E0AA83EBC5B3BD8E6F686ABI9C3310
7E35B904C804BDC3156D8BC39BCOACS8FACEB68A74A9, accessed on 22
July 2020).

Mujumber-Russel — Ciolkowski — Musschebroeck 2020
Mujumber-Russel, Dalia — Ciolkowski, Piotr — Musschebroeck, Youri, CMS Ex-
pert Guide to Hydrogen. CMS 2020. https://cms.law/en/int/about-cms/awards-
rankings (accessed on 8 October 2020).

Maatta 2015
Maittéd, Tapio, 2015. Metodinen pluralismi oikeustieteessd — ymparistooikeudel-
lisen tutkimuksen suuntaukset ja menetelmét. In Miettinen et al., Oikeustieteelli-
nen opinndyte — Artikkeleita oikeustieteellisten opinnéytteiden vaatimuksista, me-
todista ja arvostelusta. Edilex 2015. (https://www.edilex.fi/artikkelit/15891.pdf,
accessed on 1 October 2020).

Naik — Goud — Rout — Dalai 2010
Naik, S.N. — Goud, Vaibhav V. — Rout, Prasant K. — Dalai, Ajay K., Production
of first and second generation biofuels: A comprehensive review. Renewable and
Sustainable Energy Reviews 14/2010, p. 578-597. (https://www-sciencedirect-
com.ezproxy.utu.fi/science/article/pii/S1364032109002342, accessed on 22 July
2020).

Nieminen — Laari — Koiranen 2019
Nieminen, Harri — Laari, Arto — Koiranen, Tuomas, CO, Hydrogenation to Meth-
anol by a Liquid-Phase Process with Alcoholic Solvents: A Techno-Economic
Analysis. Process 7/405/2019. (https://www.mdpi.com/2227-9717/7/7/405, ac-
cessed on 9 October 2020).

Ott — Gronemann — Pontzen et al. 2012.
Ott, Jorg — Gronemann, Veronika — Pontzen, Florian — Fiedler, Echard — Gross-
mann, Geor — Kersebohm, D. Burkhard — Weiss, Glinther — Witte, Claus, Metha-
nol.  Ullmann’s  Encyclopedia  of  Industrial = Chemistry  2012.
(http://www.ugr.es/~tep028/pqi/descargas/Industria%20quimica%20organ-
ica/tema_1/documentos_adicionales/al6_465_ metanol.pdf, accessed on 9 Octo-
ber 2020).

IX


https://energypost.eu/europes-new-hydrogen-strategy-the-questions-that-still-need-answering/?utm_campaign=shareaholic&utm_medium=linkedin&utm_source=socialnetwork
https://energypost.eu/europes-new-hydrogen-strategy-the-questions-that-still-need-answering/?utm_campaign=shareaholic&utm_medium=linkedin&utm_source=socialnetwork
https://www.transportenvironment.org/publications/how-member-states-can-deliver-sustainable-advanced-transport-fuels
https://www.transportenvironment.org/publications/how-member-states-can-deliver-sustainable-advanced-transport-fuels
https://reader.elsevier.com/reader/sd/pii/S0301421513008264?token=E6FD0F98472FB4143DC041C1E0AA83EBC5B3BD8E6F686AB9C33107E35B904C804BDC3156D8BC39BC0AC8FACEB68A74A9
https://reader.elsevier.com/reader/sd/pii/S0301421513008264?token=E6FD0F98472FB4143DC041C1E0AA83EBC5B3BD8E6F686AB9C33107E35B904C804BDC3156D8BC39BC0AC8FACEB68A74A9
https://reader.elsevier.com/reader/sd/pii/S0301421513008264?token=E6FD0F98472FB4143DC041C1E0AA83EBC5B3BD8E6F686AB9C33107E35B904C804BDC3156D8BC39BC0AC8FACEB68A74A9
https://reader.elsevier.com/reader/sd/pii/S0301421513008264?token=E6FD0F98472FB4143DC041C1E0AA83EBC5B3BD8E6F686AB9C33107E35B904C804BDC3156D8BC39BC0AC8FACEB68A74A9
https://cms.law/en/int/about-cms/awards-rankings
https://cms.law/en/int/about-cms/awards-rankings
https://www.edilex.fi/artikkelit/15891.pdf
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S1364032109002342
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S1364032109002342
https://www.mdpi.com/2227-9717/7/7/405
http://www.ugr.es/~tep028/pqi/descargas/Industria%20quimica%20organica/tema_1/documentos_adicionales/a16_465_metanol.pdf
http://www.ugr.es/~tep028/pqi/descargas/Industria%20quimica%20organica/tema_1/documentos_adicionales/a16_465_metanol.pdf

Perner — Bothe 2018
Perner, Jens — Bothe, David, International Aspects of a Power-to-X Roadmap. A
report prepared for the World Energy Council Germany. Frontier Economics

2018. (https://www.frontier-economics.com/media/2646/20181018 _fron-
tier wec_germany ptxroadmap_full-study-english.pdf, accessed on 3 August
2020).

Ramboll — Institute for Advanced Sustainability Studies — Universitit Kassel Center

for Environmental Systems Research — IOM Law — DE Delft 2019
Ramboll — Institute for Advanced Sustainability Studies — Universitit Kassel Cen-
ter for Environmental Systems Research — IOM Law — DE Delft, Identification
and analysis of promising carbon capture and utilisation technologies, including
their regulatory aspects, Final report. European Commission 2019. https://op.eu-
ropa.eu/en/publication-detail/-/publication/7656142¢c-7083-11e9-9105-
0laa75ed71al/language-en/format-PDF/source-search (accessed on 9 September
2020).

Rego de Vasconcelos — Lavoie 2019
Rego de Vasconcelos, Bruna — Lavoie, Jean Michel, Recent Advances in Power-
to-X Technology for the Production of Fuels and Chemicals. Frontiers in Chem-
istry 7/2019. (https://www.frontiersin.org/arti-
cles/10.3389/fchem.2019.00392/full, accessed on 4 August 2020).

Reid — Dingenen 2020
Reid, Elizabeth — Dingenen, Sophie, Bird & Bird & Corporate PPAs, An interna-
tional perspective. Bird & Bird LPP 2019. (https://www.twobirds.com/~/me-
dia/pdfs/news/articles/2018/corporate-ppas-an-international-perspec-
tive.pdf?la=en&hash=EA 1561 E1E1A403103ED625FB369134EA84D3EBS57,
accessed on 2 October 2020).

Riechmann — Roberts 2020
Riechmann, Christoph — Roberts, Dan, Gas decarbonisation and sector coupling,
Ensuring a market-based approach: a report for the European Federation of En-
ergy Traders. Frontier Economics Ltd 2020. (https://www.efet.org/Files/Docu-
ments/Short Form_Report A _market based approach to_gas decarbonisa-
tion_and sector coupling_Frontier report for EFET.pdf, accessed on 11 Octo-
ber 2020).

Rosen — Koohi-Fayegh 2016
Rosen, Marc A. — Koohi-Fayegh, Seama, The prospects for hydrogen as an energy
carrier: an overview of hydrogen energy and hydrogen energy systems. Energ.
Ecol.  Environ. 1/2016, p. 10-29.  (https:/link.springer.com/arti-
cle/10.1007/s40974-016-0005-z#citeas, accessed on 22 October 2020).

Ruokonen 2020
Ruokonen, Jenna, Production of renewable synthetic transport fuels from metha-
nol. Master’s Thesis. Lappeenranta-Lahti University of Technology LUT 2020.
(https://lutpub.lut.fi/bitstream/handle/10024/161284/Thesis_Ruoko-
nen_Jenna.pdf?sequence=1&isAllowed=y, accessed on 8 August 2020).

Saerle — Christensen 2018


https://www.frontier-economics.com/media/2646/20181018_frontier_wec_germany_ptxroadmap_full-study-english.pdf
https://www.frontier-economics.com/media/2646/20181018_frontier_wec_germany_ptxroadmap_full-study-english.pdf
https://op.europa.eu/en/publication-detail/-/publication/7656142c-7083-11e9-9f05-01aa75ed71a1/language-en/format-PDF/source-search
https://op.europa.eu/en/publication-detail/-/publication/7656142c-7083-11e9-9f05-01aa75ed71a1/language-en/format-PDF/source-search
https://op.europa.eu/en/publication-detail/-/publication/7656142c-7083-11e9-9f05-01aa75ed71a1/language-en/format-PDF/source-search
https://www.frontiersin.org/articles/10.3389/fchem.2019.00392/full
https://www.frontiersin.org/articles/10.3389/fchem.2019.00392/full
https://www.twobirds.com/~/media/pdfs/news/articles/2018/corporate-ppas-an-international-perspective.pdf?la=en&hash=EA1561E1E1A403103ED625FB369134EA84D3EB57
https://www.twobirds.com/~/media/pdfs/news/articles/2018/corporate-ppas-an-international-perspective.pdf?la=en&hash=EA1561E1E1A403103ED625FB369134EA84D3EB57
https://www.twobirds.com/~/media/pdfs/news/articles/2018/corporate-ppas-an-international-perspective.pdf?la=en&hash=EA1561E1E1A403103ED625FB369134EA84D3EB57
https://www.efet.org/Files/Documents/Short_Form_Report_A_market_based_approach_to_gas_decarbonisation_and_sector_coupling_Frontier_report_for_EFET.pdf
https://www.efet.org/Files/Documents/Short_Form_Report_A_market_based_approach_to_gas_decarbonisation_and_sector_coupling_Frontier_report_for_EFET.pdf
https://www.efet.org/Files/Documents/Short_Form_Report_A_market_based_approach_to_gas_decarbonisation_and_sector_coupling_Frontier_report_for_EFET.pdf
https://link.springer.com/article/10.1007/s40974-016-0005-z#citeas
https://link.springer.com/article/10.1007/s40974-016-0005-z#citeas
https://lutpub.lut.fi/bitstream/handle/10024/161284/Thesis_Ruokonen_Jenna.pdf?sequence=1&isAllowed=y
https://lutpub.lut.fi/bitstream/handle/10024/161284/Thesis_Ruokonen_Jenna.pdf?sequence=1&isAllowed=y

Saerle, Stephanie — Christensen, Adam, Decarbonisation potential of electrofuels
in the European Union. International Council of Clean Transportation 2018.
(https://theicct.org/sites/default/files/publications/Electrofuels Decarboniza-
tion EU 20180920.pdf, accessed on 24 September 2020).

Salminen — Halme 2019
Salminen, Vesa — Halme, Kimmo, Framework for innovation-friendly regulation.
Government’s analysis, assessment and research activities 2019. (https://julka-
isut.valtioneuvosto.fi/bitstream/handle/10024/162229/22-2019-Frame-
work%20for%?20innovation-friendly%?20regulation.pdf, accessed on 23 October
2020).

SAPEA 2018
Novel carbon capture and utilisation technologies: research and climate aspects.
SAPEA, Science Advice for Policy by European Academies 2018.
https://www.sapea.info/wp-content/uploads/CCU-report-web-version.pdf  (ac-
cessed on 29 August 2020).

Schittekatte 2020
Schittekatte, Tim, Regulatory sandboxes in the energy sector — the what, the who
and the how. Florence School of Regulation 2020. https://fsr.eui.eu/regulatory-
sandboxes-in-the-energy-sector-the-what-the-who-and-the-how/ (accessed on 18
October 2020).

Schnettler 2020
Schnettler, Armin et al. Power-to-X: The crucial business on the way to a carbon-
free world. Siemens Energy 2020. (https://new.siemens.com/global/en/prod-
ucts/energy/technical-papers/download-power-to-x.html, accessed on 31 July

2020).

Schonberg 2020
Schonberg, Kalle, Sellutehtaiden savuissa muhii Suomen uusi kultasuoni — rat-
kaisisi valtavan ympdristbongelman ja toisi kymmenid tuhansia tyOpaikkoja
taantuville alueille. Yle 2020. https://yle.fi/uutiset/3-11549972 (accessed on 22
September 2020).

Scibioh — Viswanathan 2018
Schibioh, M. Aulice — Viswanathan, B., Carbon Dioxide to Chemicals and Fuels.
Elsevier BV 2018. (https://www.elsevier.com/books/carbon-dioxide-to-chemi-
cals-and-fuels/scibioh/978-0-444-63996-7, accessed on 2 October 2020).

Seebach — Timpe 2015
Seebach, Dominik — Timpe, Christof, Electricity Disclosure and Carbon Foot-
printing: Effects and incentives resulting from different approaches to account for
electricity consumption in carbon footprints. RE-DISS 2015. (http://www.relia-
ble-disclosure.org/upload/112-RE-DISSII_D6-2_Disclosure-Carbon-Footprint-
ing_final.pdf, accessed on 29 September 2020).

Serdoner 2020

XI


https://theicct.org/sites/default/files/publications/Electrofuels_Decarbonization_EU_20180920.pdf
https://theicct.org/sites/default/files/publications/Electrofuels_Decarbonization_EU_20180920.pdf
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/162229/22-2019-Framework%20for%20innovation-friendly%20regulation.pdf
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/162229/22-2019-Framework%20for%20innovation-friendly%20regulation.pdf
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/162229/22-2019-Framework%20for%20innovation-friendly%20regulation.pdf
https://www.sapea.info/wp-content/uploads/CCU-report-web-version.pdf
https://fsr.eui.eu/regulatory-sandboxes-in-the-energy-sector-the-what-the-who-and-the-how/
https://fsr.eui.eu/regulatory-sandboxes-in-the-energy-sector-the-what-the-who-and-the-how/
https://new.siemens.com/global/en/products/energy/technical-papers/download-power-to-x.html
https://new.siemens.com/global/en/products/energy/technical-papers/download-power-to-x.html
https://yle.fi/uutiset/3-11549972
https://www.elsevier.com/books/carbon-dioxide-to-chemicals-and-fuels/scibioh/978-0-444-63996-7
https://www.elsevier.com/books/carbon-dioxide-to-chemicals-and-fuels/scibioh/978-0-444-63996-7
http://www.reliable-disclosure.org/upload/112-RE-DISSII_D6-2_Disclosure-Carbon-Footprinting_final.pdf
http://www.reliable-disclosure.org/upload/112-RE-DISSII_D6-2_Disclosure-Carbon-Footprinting_final.pdf
http://www.reliable-disclosure.org/upload/112-RE-DISSII_D6-2_Disclosure-Carbon-Footprinting_final.pdf

Serdoner, Ana, Recycled carbon fuels in the renewable energy directive. Bellona,
Zero Waste Europe and Rethink Plastic 2020. (https://bellona.org/publication/pol-
icy-brief-recycled-carbon-fuels-in-the-renewable-energy-directive, accessed on
22.7.2020).

Siegemund et al. 2017
Siegemund, Stefan et al., The potential of electricity-based fuels for low-emission
transport in the EU. Deutsche Energie-Agentur GmbH  2017.
https://www.dena.de/themen-projekte/projekte/mobilitaet/e-fuels-the-potential-
of-electricity-based-fuels-for-low-emission-transport-in-the-eu/, accessed on 5
August 2020).

Sipild — Kiuru — Jokinen — Saarela — Tamminen — Laukkanen — Palonen — Nylund — Sipild

2018
Sipild, Esa — Kiuru, Heidi — Jokinen, Jaakko — Saarela, Jaakko — Tamminen, Saara
— Laukkanen, Marita — Palonen, Petteri — Nylund, Nils Olof — Sipild, Kai, Bio-
polttoaineiden kustannustehokkaat toteutuspolut vuoteen 2030. Valtioneuvoston
selvitys- ja tutkimustoiminnan julkaisusarja 63/2018. (https://julkaisut.valtioneu-
vosto.fi/bitstream/handle/10024/161074/63-2018-Biopolttoaineiden_kustannus-
tehokkaat toteutuspolut vuoteen_ 2030 _.pdf?sequence=1&isAllowed=y, acces-
sed on 19 August 2020).

Sipild — Kiuru — Nylund — Sipild 2020
Sipild, Esa — Kiuru, Heidi — Nylund, Nils-Olof — Sipild, Kai, Jakeluvelvoitteen
laajentaminen. AFRY Management Consulting Oy 2020. (https://tem.fi/docu-
ments/1410877/2132212/Jakeluvelvoitteen_laajentaminen_loppuraportti jul-
kaisu.pdf/732b8c4d-c07d-b6ca-d4a7-8afl1f2a00b37/Jakeluvelvoitteen laajenta-
minen_loppuraportti_julkaisu.pdf?t=1599738665281, accessed on 19 August
2020).

Soler 2020
Soler, Alba, Role of e-fuels in the European transport system. Literature review.
Concawe 2020. (https://www.concawe.eu/wp-content/uploads/Rpt 19-14.pdf,
accessed on 30 July 2020).

Talus 2013
Talus, Kim, EU Energy Law and Policy: A Critical Account. Oxford: Oxford Uni-
versity Press 2013.  (https://academic-oup-com.ezproxy.utu.fi/jwelb/arti-
cle/7/1/64/914176, accessed on 5 August 2020).

Timpe — Seebach — Bracker — Karsten 2017
Timpe, Christof — Seebach, Dominik — Bracker, Jof3 — Karsten, Peter, Improving
the accounting of renewable electricity in transport within the new EU renewable
Energy Directive. Oko-Institut e.V. 2017. (https:/www.oeko.de/filead-
min/oekodoc/Improving-accounting-of-renewable-electricity-in-transport.pdf,
accessed on 1 October 2020).

Velazquez Abad - Dodds 2020
Velazquez Abad, Anthony — Dodds, Paul E., Green hydrogen characterisation in-
itiatives: Definitions, standards, guarantees of origin, and challenges. Energy pol-

icy  138/2020.  (https://www-sciencedirect-com.ezproxy.utu.fi/science/arti-
cle/pii/S0301421520300586?via%3Dihub, accessed on 21 August 2020).

XII


https://bellona.org/publication/policy-brief-recycled-carbon-fuels-in-the-renewable-energy-directive
https://bellona.org/publication/policy-brief-recycled-carbon-fuels-in-the-renewable-energy-directive
https://www.dena.de/themen-projekte/projekte/mobilitaet/e-fuels-the-potential-of-electricity-based-fuels-for-low-emission-transport-in-the-eu/
https://www.dena.de/themen-projekte/projekte/mobilitaet/e-fuels-the-potential-of-electricity-based-fuels-for-low-emission-transport-in-the-eu/
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161074/63-2018-Biopolttoaineiden_kustannustehokkaat_toteutuspolut_vuoteen_2030_.pdf?sequence=1&isAllowed=y
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161074/63-2018-Biopolttoaineiden_kustannustehokkaat_toteutuspolut_vuoteen_2030_.pdf?sequence=1&isAllowed=y
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161074/63-2018-Biopolttoaineiden_kustannustehokkaat_toteutuspolut_vuoteen_2030_.pdf?sequence=1&isAllowed=y
https://tem.fi/documents/1410877/2132212/Jakeluvelvoitteen_laajentaminen_loppuraportti_julkaisu.pdf/732b8c4d-c07d-b6ca-d4a7-8af1f2a00b37/Jakeluvelvoitteen_laajentaminen_loppuraportti_julkaisu.pdf?t=1599738665281
https://tem.fi/documents/1410877/2132212/Jakeluvelvoitteen_laajentaminen_loppuraportti_julkaisu.pdf/732b8c4d-c07d-b6ca-d4a7-8af1f2a00b37/Jakeluvelvoitteen_laajentaminen_loppuraportti_julkaisu.pdf?t=1599738665281
https://tem.fi/documents/1410877/2132212/Jakeluvelvoitteen_laajentaminen_loppuraportti_julkaisu.pdf/732b8c4d-c07d-b6ca-d4a7-8af1f2a00b37/Jakeluvelvoitteen_laajentaminen_loppuraportti_julkaisu.pdf?t=1599738665281
https://tem.fi/documents/1410877/2132212/Jakeluvelvoitteen_laajentaminen_loppuraportti_julkaisu.pdf/732b8c4d-c07d-b6ca-d4a7-8af1f2a00b37/Jakeluvelvoitteen_laajentaminen_loppuraportti_julkaisu.pdf?t=1599738665281
https://www.concawe.eu/wp-content/uploads/Rpt_19-14.pdf
https://academic-oup-com.ezproxy.utu.fi/jwelb/article/7/1/64/9141765
https://academic-oup-com.ezproxy.utu.fi/jwelb/article/7/1/64/9141765
https://www.oeko.de/fileadmin/oekodoc/Improving-accounting-of-renewable-electricity-in-transport.pdff
https://www.oeko.de/fileadmin/oekodoc/Improving-accounting-of-renewable-electricity-in-transport.pdff
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S0301421520300586?via%3Dihubg
https://www-sciencedirect-com.ezproxy.utu.fi/science/article/pii/S0301421520300586?via%3Dihubg

Wind Europe 2019
Wind-to-X, A position paper on how to achieve net zero emissions through a re-
newables-based electrification. Wind Europe 2019. https://windeurope.org/wp-
content/uploads/files/policy/position-papers/ WindEurope-Wind-to-X-position-
paper.pdf?v=2 (accessed on 21 August 2020).

Internet sources

en:former, E-fuels could advance the energy transition in the transport sector
en:former, E-fuels could advance the energy transition in the transport sector.
https://www.en-former.com/en/efuels-power-to-liquid/ (accessed on 15 August
2020).

ECOHZ, About ECOHZ
ECOHZ, About ECOHZ. https://www.ecohz.com/about-ecohz/ (accessed on 2
October 2020).

ECOHZ, GO?
ECOHZ, GO https://www.ecohz.com/renewable-energy-solutions/go2/ (ac-
cessed on 2 October 2020).

European Commission, Alternative fuels for sustainable mobility in Europe
European Commission, Alternative fuels for sustainable mobility in Europe.
https://ec.europa.eu/transport/themes/urban/cpt_en (accessed on 27 July 2020).

European Commission, Clean energy for all Europeans package
European Commission, Clean energy for all Europeans package. https://ec.eu-
ropa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en (accessed
on 22 September 2020).

European Commission, Clean energy for all Europeans package
European Commission, Clean energy for all Europeans package.
https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europe-
ans_en (accessed on 1 July 2020).

European Commission, Effort sharing: Member States’ emission targets
European Commission, Effort sharing: Member States’ emission targets.
https://ec.europa.eu/clima/policies/effort_en#tab-0-0 (accessed on 28 July 2020).

European Commission, EU renewable energy rules — review
European Commission, EU renewable energy rules — review. https://ec.eu-
ropa.eu/info/law/better-regulation/have-your-say/initiatives/12553-Revision-of-
the-Renewable-Energy-Directive-EU-2018-2001 (accessed on 10 September
2020).

European Commission, EU taxonomy for sustainable activities
European Commission, EU taxonomy for sustainable activities. https://ec.eu-
ropa.eu/info/business-economy-euro/banking-and-finance/sustainable-fi-
nance/eu-taxonomy-sustainable-activities_en (accessed on 25 August 2020).

European Commission, Implementing and delegated acts

XIII


https://windeurope.org/wp-content/uploads/files/policy/position-papers/WindEurope-Wind-to-X-position-paper.pdf?v=2
https://windeurope.org/wp-content/uploads/files/policy/position-papers/WindEurope-Wind-to-X-position-paper.pdf?v=2
https://windeurope.org/wp-content/uploads/files/policy/position-papers/WindEurope-Wind-to-X-position-paper.pdf?v=2
https://www.en-former.com/en/efuels-power-to-liquid/
https://www.ecohz.com/about-ecohz/
https://www.ecohz.com/renewable-energy-solutions/go2/
https://ec.europa.eu/transport/themes/urban/cpt_en
https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en
https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en
https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en
https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en
https://ec.europa.eu/clima/policies/effort_en#tab-0-0
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12553-Revision-of-the-Renewable-Energy-Directive-EU-2018-2001
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12553-Revision-of-the-Renewable-Energy-Directive-EU-2018-2001
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12553-Revision-of-the-Renewable-Energy-Directive-EU-2018-2001
https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance/eu-taxonomy-sustainable-activities_en
https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance/eu-taxonomy-sustainable-activities_en
https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance/eu-taxonomy-sustainable-activities_en

European Commission, Implementing and delegated acts. https://ec.eu-
ropa.eu/info/law/law-making-process/adopting-eu-law/implementing-and-dele-
gated-acts_en#documents (accessed on 24 July 2020).

European Commission, Innovation Fund
European Commission, Innovation Fund. https://ec.europa.eu/clima/policies/in-
novation-fund_en (accessed on 5 October 2020).

European Commission, Low-emission vehicles — improving the EU’s refuelling/recharg-
ing infrastructure
European Commission, Low-emission vehicles — improving the EU’s refuel-
ling/recharging  infrastructure. https://ec.europa.eu/info/law/better-regula-
tion/have-your-say/initiatives/12251-Revision-of-Alternative-Fuels-Infrastruc-
ture-Directive (accessed on 29 July 2020).

European Commission, Monitoring, reporting and verification of EU ETS emissions
European Commission, Monitoring, reporting and verification of EU ETS emis-
sions. https://ec.europa.eu/clima/policies/ets/monitoring_en#tab-0-0 (accessed on
10 September 2020).

European Commission, REFIT
European Commission, REFIT — making EU law simpler, less costly and future
proof. https://ec.europa.eu/info/law/law-making-process/evaluating-and-improv-
ing-existing-laws/refit-making-eu-law-simpler-less-costly-and-future-proof _en
(accessed on 23 October 2020).

European Commission, Renewable Energy — Recast to 2030 (RED II)
European Commission, Renewable Energy — Recast to 2030 (RED II).
https://ec.europa.eu/jrc/en/jec/renewable-energy-recast-2030-red-ii (accessed on
22 July 2020).

European Commission, 2020 climate & energy package
European Commission, 2020 climate & energy package. https://ec.eu-
ropa.eu/clima/policies/strategies/2020_en#tab-0-0 (accessed on 28 July 2020).

Eurostat
Eurostat, Renewable energy statistics. European Commission. https://ec.eu-
ropa.eu/eurostat/statistics-explained/index.php/Renewable energy_statistics (ac-
cessed on 29 July 2020).

Hydrogen Europe, Hydrogen Production.
Hydrogen Europe, Hydrogen Production. https://hydrogeneurope.eu/hydrogen-
production-0 (accessed on 4 August 2020).

IEA, Tracking Transport 2020
IEA, Tracking Transport 2020. https://www.iea.org/reports/tracking-transport-
2020 (accessed on 22 September 2020).

IEA, Renewables 2019
IEA, Renewables 2019. https://www.iea.org/reports/renewables-2019 (accessed
on 28 July 2020).

X1V


https://ec.europa.eu/info/law/law-making-process/adopting-eu-law/implementing-and-delegated-acts_en#documents
https://ec.europa.eu/info/law/law-making-process/adopting-eu-law/implementing-and-delegated-acts_en#documents
https://ec.europa.eu/info/law/law-making-process/adopting-eu-law/implementing-and-delegated-acts_en#documents
https://ec.europa.eu/clima/policies/innovation-fund_en
https://ec.europa.eu/clima/policies/innovation-fund_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12251-Revision-of-Alternative-Fuels-Infrastructure-Directive
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12251-Revision-of-Alternative-Fuels-Infrastructure-Directive
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12251-Revision-of-Alternative-Fuels-Infrastructure-Directive
https://ec.europa.eu/clima/policies/ets/monitoring_en#tab-0-0
https://ec.europa.eu/info/law/law-making-process/evaluating-and-improving-existing-laws/refit-making-eu-law-simpler-less-costly-and-future-proof_en
https://ec.europa.eu/info/law/law-making-process/evaluating-and-improving-existing-laws/refit-making-eu-law-simpler-less-costly-and-future-proof_en
https://ec.europa.eu/jrc/en/jec/renewable-energy-recast-2030-red-ii
https://ec.europa.eu/clima/policies/strategies/2020_en#tab-0-0
https://ec.europa.eu/clima/policies/strategies/2020_en#tab-0-0
https://ec.europa.eu/eurostat/statistics-explained/index.php/Renewable_energy_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php/Renewable_energy_statistics
https://hydrogeneurope.eu/hydrogen-production-0
https://hydrogeneurope.eu/hydrogen-production-0
https://www.iea.org/reports/tracking-transport-2020
https://www.iea.org/reports/tracking-transport-2020
https://www.iea.org/reports/renewables-2019

Tilastokeskus
Energian hankinta ja kulutus, Suomen virallinen tilasto. Tilastokeskus.
http://www.stat.fi/til/ehk/index.html (accessed on 17 October 2020).

Workshops, Webinars and Audio Records

Conti — Pototsching — Wood et al. 2020
Conti, Ilaria — Pototsching, Alberto — Wood, Doug, Enhanced Use of Guarantees
of origin to Support Decarbonised Gases. Florence School of Regulation, webinar
organised on 6 October 2020. (https://fsr.eui.eu/event/the-enhanced-use-of-guar-
antees-of-origin-further-to-support-decarbonised-gases/)

Edwards — Padella — O’Connell — Prussi — Scarlat 2020
Edwards, Robert — Padella, Monica — O’Connell, Adrian — Prussi, Matteo — Scar-
lat, Nicolae, Draft methodology for assessing greenhouse gas emission savings
from renewable liquid and gaseous transport fuels of non-biological origin
(RFNBOs) and recycled carbon fuels (RCFs). Stakeholder meeting on Delegated
Act on GHG methodology of RFNBOs and RCF & RCF GHG threshold. Euro-
pean Commission, stakeholder meeting organised on 18 June 2020.

Gas Industry Transition 2020
Preparing Finnish gas industry to meet the energy transition, Gas Industry Tran-

sition -tydpaja, materiaalikooste. LUT University, workshop organised on 18 Au-
gust 2020.

Henderson — Lambert 2020
Henderson, James — Lambert, Martin, EU Hydrogen Strategy — A case for urgent
action towards implementation. Oxford Energy Podcast, published on 4 August
2020. (https://www.oxfordenergy.org/publications/oxford-energy-podcast-eu-hy-
drogen-strategy-a-case-for-urgent-action-towards-implementation/)

Henderson — Barnes — Yafimava 2020
Henderson, James — Barnes, Alex — Yafimava, Katja, EU Hydrogen Vision: reg-
ulatory opportunities and challenges. Oxford Energy Podcast, published on 2 Oc-
tober 2020. (https://www.oxfordenergy.org/publications/eu-hydrogen-vision-reg-
ulatory-opportunities-and-challenges-2/)

Klessmann — Wietschel — Schroder — Wachsmuth 2020
Klessmann, Corianna — Wietschel, Martin — Schroder, Jonas — Wachsmuth, Jakob,
Renewable evidence for RFNBOs. Stakeholder meeting on the delegated act on
the methodology to determine the renewability of electricity used to produce

RFNBOs. European Commission and Guidehouse, stakeholder meeting organised
on 13 October 2020.

Pototsching — Glachant — Conti et al. 2020
Pototsching, Alberto — Glachant, Jean-Michel — Conti, Ilaria et al., The role of
guarantees of origin in pursuing energy sector decarbonisation. Florence School
of Regulation 2020, workshop organised on 29 May 2020.
(https://fsr.eui.eu/event/the-role-of-guarantees-of-origin-in-pursuing-energy-sec-
tor-decarbonisation/)

Official Publications

XV


http://www.stat.fi/til/ehk/index.html
https://fsr.eui.eu/event/the-enhanced-use-of-guarantees-of-origin-further-to-support-decarbonised-gases/
https://fsr.eui.eu/event/the-enhanced-use-of-guarantees-of-origin-further-to-support-decarbonised-gases/
https://www.oxfordenergy.org/publications/oxford-energy-podcast-eu-hydrogen-strategy-a-case-for-urgent-action-towards-implementation/
https://www.oxfordenergy.org/publications/oxford-energy-podcast-eu-hydrogen-strategy-a-case-for-urgent-action-towards-implementation/
https://www.oxfordenergy.org/publications/eu-hydrogen-vision-regulatory-opportunities-and-challenges-2/
https://www.oxfordenergy.org/publications/eu-hydrogen-vision-regulatory-opportunities-and-challenges-2/
https://fsr.eui.eu/event/the-role-of-guarantees-of-origin-in-pursuing-energy-sector-decarbonisation/
https://fsr.eui.eu/event/the-role-of-guarantees-of-origin-in-pursuing-energy-sector-decarbonisation/

Government Programme 2019
Programme of Prime Minister Sanna Marin’s Government 10 December 2019.
Inclusive and competent Finland — a socially, economically and ecologically sus-
tainable society. Publications of the Finnish Government 2019:33.

ISO 14044
ISO 14044:2006, ISO 2006.

ISO 14067
ISO 14067:2018, ISO 2018.

Paris Agreement
Paris Agreement on climate change following the 21st Conference of the Parties
to the United Nations Framework Convention on Climate Change 2015.

TEMO040:00/2019
TEMO040:00/2019, Hallituksen esitys eduskunnalle laiksi energian alkuperita-
kuista, draft 6 July 2020.

European Union

2016/0382 (COD)
Interinstitutional File 2016/0382 (COD). Proposal for a Directive of the Euro-
pean Parliament and of the Council on the promotion of the use of energy from
renewable sources — Analysis of the final compromise text with a view to agree-
ment, on 21 June 2018.

COM(2011) 144 final
COM(2011) 144 final. Roadmap to a Single European Transport Area — Towards
a competitive and resource efficient transport system, on 28 March 2011

COM(2014) 15 final
COM(2014) 15 final. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the regions a policy framework for climate and energy in the pe-
riod from 2020 to 2030, on 22 January 2014.

COM(2016) 501 final
COM(2016) 501 final. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions, A European Strategy for Low-Emission Mobility, on
20 July 2016.

COM(2016) 767 final/2
COM(2016) 767 final/2. Proposal for a Directive of the European Parliament
and of the Council on the promotion of the use of energy from renewable sources
(recast), on 23 February 2017.

COM(2017) 283 final

XVI



COM(2017) 283 final. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions, Europe on the move, An agenda for a socially fair
transition towards clean, competitive and connected mobility for all, on 31 May
2017.

COM(2017) 675 final
COM(2017) 675 final. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions, Delivering on low-emission mobility, on 8 Novem-
ber 2017.

COM(2018) 283 final
COM(2018) 283 final. Communication from the Commission, On the road to
automated mobility: An EU strategy for mobility of the future, on 17 May 2018.

COM(2019) 640 final
COM (2019) 640 final. Communication from the Commission to the European
Parliament, the European Council, the Council, the European Economic and So-
cial Committee and the Committee of the Regions — The European Green Deal,
on 11 December 2019.

COM(2020) 37 final
COM(2020) 37 final. Communication from the Commission to the European
Parliament, the European Council, the Council, the European Economic and So-
cial Committee and the Committee of the Regions — Adjusted Commission Work
Programme 2020, on 29 January 2020.

COM(2020) 98 final
COM(2020) 98 final. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions, A new Circular Economy Action Plan For a cleaner
and more competitive Europe, on 11 March 2020.

COM(2020) 299 final
COM(2020) 299 final. Communication from the Commission to the European
Parliament, the European Council, the Council, the European Economic and So-
cial Committee and the Committee of the Regions, Powering a climate neutral
economy: An EU Strategy for Energy System Integration, on 8 July 2020.

COM(2020) 301 final
COM(2020) 301 final. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions, A hydrogen strategy for a climate-neutral Europe, on
8 July 2020.

COM(2020) 440 final
COM(2020) 440 final. Communication from the Commission to the European
Parliament, the European Council, the Council, the European Economic and So-
cial Committee and the Committee of the Regions, Adjusted Commission Work
Programme 2020, on 27 May 2020.

XVII



COM(2020) 562 final
COM(2020) 562 final. Communication from the Commission to the European
Parliament, the European Council, the Council, the European Economic and So-
cial Committee and the Committee of the Regions, Stepping up Europe’s 2030
climate ambition, Investing in a climate-neutral future for the benefit of our peo-
ple, on 17 September 2020.

EU Innovation Fund, Calls for proposals 2020
Innovation Fund (InnovFund), Calls for proposals, Annex C: Methodology for
calculation of GHG emission avoidance, European Commission 2020.

EU Technical Expert Group on Sustainable Finance 2020a
Taxonomy: Final report of the Technical Expert Group on Sustainable Finance,
EU Technical Expert Group on Sustainable Finance 2020.

EU Technical Expert Group on Sustainable Finance 2020b
Taxonomy Report: Technical Annex, Updated methodology & Updated Tech-
nical Screening Criteria, EU Technical Expert Group on Sustainable Finance
2020.

Plan/2020/7536
Inception Impact Assessment, Revision of Directive (EU) 2018/2001 on the pro-
motion of the use of energy from renewable sources. European Commission
2020.

SWD(2016) 226 final
SWD(2016) 226 final. The implementation of the 2011 White Paper on
Transport "Roadmap to a Single European Transport Area, Towards a competi-
tive and resource efficient transport system" five years after its publication:
achievements and challenges, on 4 July 2016.

XVIII



Abbreviations
CCS

CCU

CO2

EC

EGD

Energy System
Integration Strategy

ETS
ETS Directive

EU

GHG

GO

Hydrogen Strategy

Member States

Paris Agreement

PPA

Carbon capture and storage

Carbon capture and utilisation

Carbon dioxide

European Commission

COM(2019) 640 final. Communication from the Commission
to the European Parliament, the European Council, the Coun-
cil, the European Economic and Social Committee and the
Committee of the Regions, the European Green Deal, on 11
December 2019

COM(2020) 299 final. Communication from the Commission
to the European Parliament, the European Council, the Coun-
cil, the European Economic and Social Committee and the
Committee of the Regions, Powering a climate neutral econ-
omy: An EU Strategy for Energy System Integration, on 8
July 2020

Emissions trading system

Directive (EU) 2018/410 of the European Parliament and of
the Council of 14 March 2018 amending Directive
2003/87/EC to enhance cost-effective emission reductions
and low-carbon investments, and Decision (EU) 2015/1814
(OJEUL 76/3, 19.3.2018)

European Union

Greenhouse gas

Guarantee of origin

COM (2020) 301 final. Communication from the Commission
to the European Parliament, the Council, the European Eco-
nomic and Social Committee and the Committee of the Re-
gions, A hydrogen strategy for a climate-neutral Europe, on 8
July 2020

The member states of the European Union

Paris Agreement on climate change following the 21st Con-
ference of the Parties to the United Nations Framework Con-
vention on Climate Change 2015

Power purchase agreement

XIX



P2X
RCFs
RED

RED II

RFONBOs

Waste Directive

2030 Climate Target plan

Power-to-X

Recycled carbon fuels

Directive 2009/28/EC of the European Parliament and of the
Council of 23 April 2009 on the promotion of the use of en-
ergy from renewable sources and amending and subsequently
repealing Directives 2001/77/EC and 2003/30/EC (OJEU L
140/16, 5.6.2009)

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
(recast) (OJEU L 328/82, 21.12.2018)

Renewable liquid and gaseous transport fuels of non-biologi-
cal origin

Directive 2008/98/EC of the European Parliament and of the
Council of 19 November 2008 on waste and repealing certain
Directives (OJEU L 312/3, 22.11.2008)

COM(2020) 562 final. Communication from the Commission
to the European Parliament, the European Council, the Coun-
cil, the European Economic and Social Committee and the
Committee of the Regions, Stepping up Europe’s 2030 cli-
mate ambition, Investing in a climate-neutral future for the

benefit of our people, on 17 September 2020

XX



1. Introduction

1.1. Background

This thesis discusses the regulatory framework established by the recast Directive (EU)
2018/2001" on the promotion of the use of energy from renewable sources (RED II) for
synthetic Power-to-X (P2X) fuels. The aim is to identify and analyse the key regulatory
challenges regarding the exploitation of raw materials as well as utilisation of the end
products. Consequently, challenges regarding the production process of P2X fuels are
taken into account. Furthermore, the thesis provides recommendations for developing the
regulatory framework in the European Union (EU) and on the national level to support

the deployment of P2X fuels.

In December 2018, RED II entered into force as a part of the Clean Energy for all Euro-
peans package.” Revision was required in order to keep the EU on track towards the am-
bitious climate targets set out in the Paris Agreement on climate change following the
21st Conference of the Parties to the United Nations Framework Convention on Climate
Change?® (Paris Agreement). RED II establishes a binding EU-wide overall target for 2030
of at least 32% of energy from renewable sources, including a clause allowing a possible
revision upwards by 2023.* Moreover, RED 1II introduces binding sector-specific sub-
targets. In the transport sector, the member states of the EU (Member States) must set an
obligation on fuel suppliers to ensure that the share of renewable energy within the final

consumption of energy is at least 14% by 2030.°

Furthermore, in December 2019, the European Commission (EC) introduced the Euro-
pean Green Deal® (EGD) to tackle climate and environment-related challenges. The EGD

includes an initial roadmap covering all sectors of the economy as well as the key policies

! 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 (recast) (OJEU L 328/82, 21.12.2018).

2 European Commission, Clean energy for all Europeans package.

3 According to the Article 2 of the Paris Agreement, the agreement aims at strengthening the response to
the threat of climate change at global level by limiting the increase of the global average temperature to
well below 2 Celsius degrees compared to pre-industrial levels and by pursuing to limit the increase towards
1.5 Celsius degrees.

4 Article 3 and Recital 8 of RED 11

5 Article 14 of RED 1II.

6 COM(2019) 640 final. Communication from the Commission to the European Parliament, the European
Council, the Council, the European Economic and Social Committee and the Committee of the Regions,
The European Green Deal, on 11 December 2019.



and measures required to meet the target of climate neutrality by 2050. The EGD recog-
nises the role of the transport sector as a significant emitter, as it accounts for a quarter of
the EU’s total greenhouse gas (GHG) emissions.” Although carbon dioxide (CO.) emis-
sions have reduced in other parts of the energy system, the curve is still on the rise in the
transport sector.® According to the EGD, emissions reduction of 90% is required to re-

main on the path towards climate neutrality by 2050.°

Given the new climate targets introduced by the EGD, the EC will review and where
necessary, propose to revise the relevant EU policy instruments by June 2021 to deliver
the additional GHG emissions reductions.'® In August 2020, the Commission launched a
public consultation period on a possible revision of RED II and published an Inception
Impact Assessment plan.'! The aim of the revision is to ensure that the instruments of the
EU’s renewable policy are fit-for-purpose and contribute to the deployment of renewable
energy sources. In this context, renewable synthetic liquid and gaseous fuels, as well as
green hydrogen, are specifically mentioned. The extent of the required revision is indi-
cated in the EC’s communication Stepping up Europe’s 2030 climate ambition'? (2030
Climate Target plan) as well as in several strategies presented under the EGD. The 2030
Climate Target Plan supports increasing the EU-wide GHG emissions reduction target to
at least 55% by 2030 compared to 1990. This requires that the share of renewable energy

increases from 38% to 40% of gross final consumption by 2030.!3

In July 2020, the EC published an EU Strategy for Energy System Integration'* (Energy
System Integration Strategy). The Energy System Integration Strategy recognises the in-

efficiency of the current separate vertical value chains across the energy system. It pro-

7 COM(2019) 640 final, p. 10.

8 COM(2019) 640 final. For more information regarding the emissions from transport sector, see IEA,
Tracking Transport 2020 and European Environment Agency 2019a.

® COM(2019) 640 final, p. 10.

10.COM(2019) 640 final, p. 10.

1 P1an/2020/7536. For more information, visit European Commission, EU renewable energy rules — re-
view.

12 COM(2020) 562 final. Communication from the Commission to the European Parliament, the European
Council, the Council, the European Economic and Social Committee and the Committee of the Regions,
Stepping up Europe's 2030 climate ambition, Investing in a climate-neutral future for the benefit of our
people, on 17 September 2020.

13 COM(2020) 562 final, p. 2 and 9.

14 COM(2020) 299 final. Communication from the Commission to the European Parliament, the European
Council, the Council, the European Economic and Social Committee and the Committee of the Regions,
Powering a climate neutral economy: An EU Strategy for Energy System Integration, on 8 July 2020.



poses policy and legislative measures to create an integrated energy system by establish-
ing stronger links between the multiple energy carriers'”, infrastructures and consumption
sectors.'® Furthermore, a parallel communication called Hydrogen strategy for a climate-
neutral Europe!” (Hydrogen Strategy) was adopted by the EC to complement the Energy
Sector Integration Strategy. The Hydrogen Strategy elaborates the opportunities and
measures required to give a boost to the hydrogen economy as a part of the integrated
energy system. Both strategies see direct electrification to be at the heart of the vision in
the transition towards decarbonised transport sector, but they still recognise a variety of
end-use applications where it is not feasible to use electricity directly. Thus, low-carbon
fuels are identified as a significant opportunity to tackle the emissions in applications that
are still relying on liquid fuels.'"® A Sustainable and Smart Mobility Strategy, to be
adopted by the end of 2020, addresses the challenges of the transport sector and provides

measures to tackle all emission sources.'’

Based on the current discussion and research, P2X technology offers a promising route
to the large-scale transformation towards decarbonisation of the hard-to-abate parts of the
transport sector. P2X technologies allow indirect electrification by converting electricity
into synthetic gases, e.g. hydrogen, methane and other gases and liquids, e.g. methanol,
while simultaneously offering a long term storage solution and addressing the issue of
intermittency of renewables.?’ This thesis narrows down the focus to a process where
P2X technology is deployed to produce carbon-neutral or renewable liquid fuels for avi-
ation, maritime and road transport. P2X process utilising hydrogen and CO> as raw ma-

terials are in the centre of the main interest.

15 Rosen — Koohi-Fayegh 2016, p. 10, energy in energy carriers can be used in the same form without
converting it to another energy currency. Electricity, hydrogen and fossil fuels are examples of energy
carriers, whereas energy sources such as wind and solar need to be converted to an energy currency before
they can be utilised.

16 COM(2020) 299 final, p. 1-2.

17 COM(2020) 301 final. Communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the Regions, A hydrogen strategy for
a climate-neutral Europe, on 8 July 2020. For discussion on the Hydrogen Strategy, listen Henderson —
Lambert 2020.

18 COM(2020) 299 final, p. 3 and COM(2020) 301 final, p. 1.

19 COM(2020) 37 final. Communication from the Commission to the European Parliament, the European
Council, the Council, the European Economic and Social Committee and the Committee of the Regions —
Adjusted Commission Work Programme 2020, on 29 January 2020, Annex I.

20 COM(2018) 773 final. Communication from the Commission to the European Parliament, the European
Council, the Council, the European Economic and Social Committee, the Committee of the Regions and
the European Investment Bank, A Clean Planet for all, A European strategic long term vision for a pros-
perous, modern, competitive and climate neutral economy, p. 10. See also e.g. Christensen — Petrenko 2017,
Hiilineutraali Suomi 2020, Malins 2017, Malins 2019, Malins 2020, Koj — Wulf — Zapp 2019, Soler 2020,
Schnettler 2020, Saerle — Christensen 2018, Mete — Reins 2020.



Compared to the EU’s trajectory towards carbon neutrality, Finland strives even further
by aiming at becoming carbon-neutral by 2035 and carbon-negative soon after that.?! Ac-
cording to a study prepared by LUT University, Stl and Wirtsild, P2X solutions provide
a significant opportunity to Finland in terms of economic profits and preserving the envi-
ronment. Renewable and carbon-neutral liquid fuels are required to achieve the decarbon-
isation of the transport sector considering the given timeframe. Furthermore, the whole
distribution infrastructure is currently built for liquid fuels, which restricts the use of al-
ternative, gaseous fuels and direct electrification. Therefore, carbon-neutral fuels provide
the most promising way to, in fact, achieve the emissions reduction targets to reach carbon

neutrality in time.??

Various technologies for P2X fuels are in the development phase and a large-scale com-
mercial production can be estimated to start within 5-10 years.?* In December 2019, LUT
University and a group of companies launched a feasibility study for an industrial-scale
P2X Joutseno pilot plant utilising P2X technology to produce carbon-neutral fuels for
transport sector. The plant would use excess hydrogen from Kemira’s chlorate production
complemented by additional hydrogen production through water electrolysis. CO2 would
be captured from Finnsementti’s facility. These raw materials would be exploited to pro-
duce synthetic methanol, which would be further processed into gasoline, diesel and ker-

osene.**
1.2. Objective and Scope

This thesis systemises the regulatory framework established by RED Il in light of the P2X
fuels. The aim is to analyse and discuss the key regulatory challenges regarding the ex-
ploitation of raw materials as well as utilisation of the end products. Consequently, chal-
lenges regarding the production process of P2X fuels are taken into account. In order to
assess the regulatory framework of the P2X fuels, it is essential to comprehend the regu-
latory instruments set forth for the raw materials. The origin of the energy and the char-
acteristics of the production process will define whether the P2X fuel falls within the

category of renewable liquid and gaseous fuels of non-biological origin (RFNBOs) or

2l Government Programme 2019.

22 Hiilineutraali Suomi 2020, p. 35 and 124, piloting of carbon-neutral synthetic fuels and promoting their
production are mentioned as a quick measure to reduce emissions and promote the transition towards cir-
cular economy. See also Schonberg 2020.

2 Sipild — Kiuru — Nylund — Sipild 2020, p. 46.

24 For more information, see LUT University 2019 and Koistinen 2020.



recycled carbon fuels (RCFs). Depending on the outcome, the end products are subject to

different amounts of support in the context of RED II.

The main focus of this thesis is narrowed down to RFNBOs. Due to their renewable
origin, they are prioritised in RED II, but also subject to more detailed and stringent re-
quirements. However, understanding the provisions set forth for RCFs is crucial as well
to form a comprehensive understanding of the framework set forth for P2X fuels. In light
of my conclusions on the regulatory framework of P2X fuels, I apply the findings made
in the thesis in practice by evaluating the regulatory treatment of P2X Joutseno pilot plant.
Although this thesis is an independent work of the actual feasibility study, the aim is to

provide additional information for the project from legal perspective.

This thesis hypothesises that RED II does not enable the potential of P2X fuels in the
transport sector and thus, limits the possibilities for a level playing field for them. The

research question in the thesis is as follows: What are the implications of RED II on

P2X fuels?

The following additional research questions further test the accuracy of the hypothesis:

1. How RED II regulates the raw materials utilised for the production of P2X fuels?

2. Under which definitions P2X fuels fall in RED II and how are they treated in RED
?

3. What are the main regulatory challenges for P2X fuels and what measures are

required either on the EU or national level to facilitate their deployment further?

The hypothesis gets support from the commenced revision process of RED II. Despite the
potential of P2X fuels, RED II has been proved unsuccessful to incentivise mainstreaming
the use of renewable energy in terms of providing the necessary support and equal oppor-
tunities compared to other competing pathways. Hence, it is not only essential to revise
the current RED II in order to correct the drawbacks it sets forth for P2X fuels but also to
realise the actual potential they have in increasing the share of renewable energy in the
transport sector. The technology is already available, but it lacks the appropriate regula-
tory environment. Furthermore, to avoid duplicating these flaws in the revised RED II,
the strengths and disadvantages of the current regulatory framework need to be critically

assessed. Consequently, the future measures to be adopted should be carefully considered



in cooperation with stakeholders. Thus, the thesis sheds light on the issues regarding the

P2X fuels and opens the floor for further discussion of the regulatory framework.

The primary focus of this study is on liquid, hydrogen and electricity-based transport fuels
supplied to the road and maritime transport as well as aviation. Due to CO; utilised in the
P2X production process, these fuels have a connection to the EU’s emissions trading sys-
tem (ETS). Therefore, issues relating to the ETS framework are discussed to the extent
required to answer the research questions, concentrating on CO: accounting and the future
of the system. Technical aspects of the P2X technology are considered insofar as neces-
sary in terms of understanding the degree of technological readiness and providing back-
ground information of the P2X technology and thus, allowing the issue to be considered
in depth from the legal perspective. Although the economic issues, including taxation and
financing, have a significant impact on the profitability and attractiveness of P2X pro-

jects, they are left outside the scope of this thesis.
1.3. Research Method and Materials

In pursuance of systematising the substance of the EU regulatory framework with the
main focus on RED II, this thesis builds its analysis on legal dogmatics.?® As the aim is
to discuss and analytically assess relevant legal norms and their contents and provide
recommendations de lege ferenda, legal dogmatics offer appropriate tools to critically
analyse P2X fuels in this context.?® From a broader perspective, this thesis is placed
within the realm of environmental law, and in particular, within the context of climate
and energy law. Thus, instead of legal dogmatics, a more comprehensive approach by
means of theoretical environmental law would be a more appropriate term to describe the

method used in this thesis.?’

However, as environmental law is a volatile part of the legal discipline, legal dogmatics,
or theoretical environmental law may not be sufficient to be the core of this thesis.?® Alt-
hough the emphasis is given to said approaches, this thesis applies the tools provided by

regulatory theory in order to take up a more comprehensive approach to the research

% Kokko 2014, p. 289-297.

26 Kokko 2014, p. 293-294, the critical legal dogmatics offers a critical, value-based approach to analyse
the legal order as well as to interpret and systemise norms. Furthermore, research using critical legal dog-
matics as a method can also make recommendations for improving legislation.

27 M&ittd 2015, p. 11, theoretical legal dogmatics as such does no longer very well describe today’s theo-
retically oriented environmental law research.

28 See Kokko 2014, p. 286.



questions.? Regulatory theory in the field of environmental law seeks to find an appro-
priate regulatory framework for a specific purpose.*’ In environmental law, the approach
of the regulatory theory is interested in, amongst other issues, the effectiveness, cost-
efficiency, equality and the political acceptability of the regulation. In this thesis, the ef-
fectiveness and equality of the regulatory framework are of the most significant interest.
Assessment regarding equality focuses on fair effort sharing between different operators

in the transport sector.>!

The primary object of the analysis in this thesis is the legislative work of the EU, RED II
being the essential legislative instrument. Moreover, in order to evaluate further develop-
ment of the framework, emphasis is given to several communications adopted by the EC.
The research landscape around the theme of synthetic fuels varies from a thematic per-
spective. Previous studies regarding P2X fuels have been conducted mainly from a tech-
nological and economic perspective. Consequently, several sources from other academic
fields are utilised. From a legal point of view, the existing material gives the emphasis on
a framework set forth for biofuels and the studies focusing on P2X fuels have not proven
to be very profound. Thus, the existence of relevant legal literature and in-depth analysis
is rather limited. Due to these limitations, I participated in a number of workshops and
webinars to obtain useful insight into the ongoing discussions regarding the research

theme and to broaden my overall understanding of the P2X technology.

1.4. Structure

To fulfil the objectives mentioned above, the thesis consists of six chapters. The second
chapter of this thesis outlines the legal framework established for P2X fuels in order to
provide essential background information to allow the research questions to be thor-
oughly analysed. The chapter begins by demonstrating the concept of P2X and introduc-
ing drivers for these fuels. The second part of the chapter provides an overview of RED
IT narrowing down the focus to its objectives of the as well as the main definitions it
provides for synthetic P2X fuels. The third chapter answers the first research question by
outlining the legislative framework concerning the main raw materials used for producing

synthetic P2X fuels. The fourth chapter tackles the second research question by analysing

2 Kokko 2016, p. 39, in the field of Finnish environmental law, legal dogmatics and regulatory theory are
often applied simultaneously.

30 Kokko 2016, p. 38-39.

31 See Kokko 2017, p. 1057-1058.



the provisions set forth for P2X fuels in the context of RED II. The answer for the third
research question is provided throughout the thesis, although the main focus to fulfilling
this objective is discovered in the fourth chapter. The fifth chapter complements this the-
sis by presenting a practical approach to this topic by elaborating the legislative issues in

connection with the P2X Joutseno pilot plant.

2. Legislative Framework of Power-to-X Fuels

2.1. Introductory Remarks

In the first part of this chapter, I provide an overview of a P2X process where hydrogen
and CO; are deployed as raw materials to produce synthetic transport fuels. The first as-
pect gives the reader an introduction regarding different options available to produce hy-
drogen and acquire CO». In addition, feasible routes to methanol are briefly discussed.
The second aspect aims to address the drivers for P2X fuels and shed light on the ad-

vantages associated with them.

The second part of the chapter dives into the regulatory framework set forth for the P2X
fuels by RED II. In order to test the hypothesis and to answer the research questions in
the following chapters, I begin by identifying the reasons behind the recast and evaluate
the objectives laid down for RED II. The final part of this chapter narrows down the focus
to the two P2X fuel categories provided by RED II.

2.2. Characteristics of Power-to-X Fuels

2.2.1. Concept of Power-to-X Technology

There is no generally adopted definition for the term P2X.?? Letter ‘X’ in the chain can
refer to different categories such as products, product groups or final applications. For
instance, the X can describe the product manufactured, such as Power-to-Hydrogen or
Power-to-Methanol, or a product group, such as Power-to-Liquids or Power-to-Gas. In
some cases, the X can be substituted by the sector of the final application, such as Power-

to-Transport.>® Here in this thesis, P2X is defined as a process chain used for converting

32 Koj — Wulf — Zapp 2019, p. 865 and 867. P2X fuels are also referred in the literature as e-fuels, electro-
fuels or synthetic fuels. See also Christensen — Petrenko 2017, the term CO; based synthetic fuel is used as

well.
33 See Koj — Wulf — Zapp 2019, p. 867 and 869.



electricity into liquid transport fuels, including the technical components associated with

it. The term P2X is used as an umbrella term to cover both RCFs and RFNBOs.

Hydrogen is a key player in the production of P2X fuels, although its contribution to the
EU energy mix is relatively minor at the moment.** Hydrogen needs to be synthesised as
it is not available in its pure form in the environment. Most of the industrial-scale hydro-
gen is currently produced through CO; intensive steam methane reforming. In this pro-
cess, a hydrogen-containing substance such as natural gas or a fossil-based fuel is reacted
with water steam in the presence of a metal-based catalyst. This process can also be uti-

lised to produce hydrogen from biogas.*

Hydrogen can also be produced through water electrolysis. In this case, electricity is em-
ployed as a power source to break down water into hydrogen and oxygen.*® Low temper-
ature technologies, including alkaline and polymer electrolyte membrane, have relatively
high readiness from a technological perspective. High temperature solid oxide electro-
lyser cell electrolysis provides higher efficiencies, but it is not commercially deployed on
a full scale.’” Provided that electricity is derived from renewable sources like wind or
solar photovoltaic, and hydrogen is used in a fuel cell*®, the entire process would be con-

sidered carbon-neutral.>®

Electrolysers are already well developed and commercially available. Still, the production
costs with this technology are around double compared to the costs of fossil fuels due to
the amount of electricity required for this process. Thus, integrating electrolysers to the
energy system needs to focus on industrialisation as scale and efficiency improvements
would reduce production costs. Furthermore, additional costs resulting from regulatory
aspects of the use of electricity should be tackled. Ensuring a level playing field between

different gases and storage technologies would further facilitate decreasing the costs of

3% COM(2020) 301 final, p. 2, footnote 1, hydrogen production is still largely relying on fossil sources.
Electrolysers account for less than 4% of the total hydrogen production in the EU. See also Fuel Cells and
Hydrogen Joint Undertaking 2019 for a hydrogen roadmap to 2050.

35 Rego de Vasconcelos — Lavoie 2019, p. 4 and Hydrogen Europe, Hydrogen Production. COM (2020)
301, p. 2, the hydrogen production emits 70 to 100 million tonnes CO; annually in the EU.

36 en:former 2019, the oxygen is released into the air while the hydrogen can be deployed as such or refined
further to other products.

37 Malins 2017, p. 37.

38 See Mujumber-Russel — Ciolkowski — Musschebroeck 2020, a chemical reaction involving hydrogen and
oxygen generate electricity, heat and water in a fuel cell.

39 Rego de Vasconcelos — Lavoie 2019, p. 4 and Hydrogen Europe, Hydrogen Production, hydrogen’s car-
bon footprint is connected to the utilised production mode. If the hydrogen is produced trough electrolysis,
the carbon intensity is directly associated with the source of the electricity.



hydrogen production from renewable electricity.*’ In addition, certain industrial pro-
cessed produce hydrogen as a by-product. This hydrogen can be deployed as a raw mate-
rial in P2X processes in case if an industrial symbiosis is possible. Such industrial pro-

cesses are, for instance, the production of caustic soda, chlorine and paper industry.*!

Carbon capture offers a link to P2X chain as the synthesis of liquid hydrocarbons requires
CO7 as araw material. CO; can either be acquired from concentrated sources or extracted
directly from the air. In terms of concentrated sources, CO> can be obtained from, for
instance, combustion and industrial processes where CO: is released as a side stream.
Almost a pure stream of CO> can be extracted from certain chemical processes, such as
natural gas processing and ethanol fermentation. However, these sources are limited and
not able to respond to the demand. Thus, CO; separation from other large industrial point
sources is required.** In direct air capture, CO> is separated from ambient air either chem-
ically or physically. The initial CO2 concentration in direct air capture is significantly
lower than when captured from the industrial point sources. Consequently, a large amount
of energy is required for the separation process.* Furthermore, the technology is currently
more mature with regard to capturing CO> from point sources.** CO» capture technologies

are divided into post-combustion, pre-combustion and oxy-fuel combustion processes.*’

Moreover, these point sources can be separated into fossil and biogenic sources. Fossil
sources include, amongst others, fossil power plants and industrial processes such as iron
and steel production as well as cement plants.*® Biogenic sources are, for instance, biogas-
upgrading plants and CO> derived from combustion of biogas and solid biomass. Further-
more, pulp and paper industry creates a large amount of CO, that is mainly biogenic.*’
CO: from a concentrated source is generally an attractive feedstock to produce P2X fuels
due to the larger CO; concentrations and lower investment costs as investments in CO>

extraction are not necessary.*s

40 Wind Europe 2019, p. 5.

4 Hydrogen Europe, Hydrogen Production.

42 Siegemund et al. 2017, p. 65 and Hyvirinen 2019, p. 18-19.

4 Liu — Sandhu — McCoy — Bergerson 2020, p. 3129, chemical separation is feasible e.g. utilising solvents
or solid sorbents. physical separation can be achieved through phase changes.

4 Christensen — Petrenko 2017, p. 1.

45 See more Lee — Park 2015, p. 2-5, post-combustion is the most mature of these processes.

46 Hywvirinen 2019, p. 23.

47 Siegemund et al. 2017, p. 65 and Koj — Wulf — Zapp 2019, p. 867.

8 Siegemund et al. 2017, p. 65.
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Synthesis of methanol by hydrogenation of CO» can be achieved by heterogeneous catal-
ysis, homogeneous catalysis, electrochemical as well as photocatalysis.*’ Besides the di-
rect use of methanol in methanol-fuelled vehicles and ships, it can also be converted fur-
ther to liquid drop-in fuels.’® Methanol synthesis could be achieved through sequential
processes of olefin synthesis, oligomerisation and hydrotreating.>! The first step is to cat-
alytically dehydrate methanol to acquire a mixture of dimethyl ether, methanol and water.
The mixture is then fed into a methanol-to-gasoline reactor where methanol and dimethyl
ether are completely dehydrated to produce light olefins. These light olefins are oligo-
merised into higher olefins to produce paraffins, naphthenes and methylated aromatics.
The methanol-to-gasoline catalyst restricts the reaction of the hydrocarbon synthesis. The
final methanol-to-gasoline product has properties close to those of produced at refineries

and can relatively easily be upgraded to meet various standards set forth for fuels.>

Fisher-Tropsch synthesis offers another way to fuel synthesis. In this option, synthesis of
methanol by hydrogenation of CO; is not required. A reverse water-gas shift reaction is
usually utilised to convert CO> to carbon monoxide.>® The synthesis process uses hydro-
gen and carbon monoxide to produce a variable amount of hydrocarbons leading to a
variety of chain lengths. The portion of compounds in the final products is contingent on
the reaction conditions and catalytic bed used in the synthesis.’* The liquid energy carriers

can be further processed in a refinery to produce synthetic petrol, diesel or kerosene.>”

2.2.2. Drivers for Power-to-X Fuels

GHG emissions from the transport sector are responsible for approximately one-quarter
of the total GHG emissions in the EU. Transport is currently the only sector where GHG
emissions have increased yearly since 2014 due to growing demand for passenger and

freight transport. In 2017, emissions had increased by 2.2% compared to the levels of

4 Guil-Lopez — Mota — Llorente — Millan — Pawelec — Fierro — Navarro 2019, p. 3-5.

30 Malins 2017, p. 17, Koj — Wulf — Zapp 2019, p. 869. See also Ott — Gronemann — Pontzen et al. 2012.
51 Malins 2017, p. 17.

52 Soler 2020, p. 30.

53 The downside of the Fischer-Tropsch route is that CO, cannot be utilised as such.

54 For a comprehensive overview of the production of renewable synthetic transport fuels from methanol,
see Ruokonen 2020. For more on the Fisher-Tropsch synthesis, see e.g. Mahmoudi et al. 2017, p. 15-17,
Hénggi et al. 2019, p. 565-567 and Jarvis — Samsatli 2018, p. 50-51. Fischer-Tropsch synthetis utilising
fossil fuels as a feedstock is a mature, fully commersialised process implemented on a global scale. How-
ever, Fischer-Tropsch synthesis integrating renewable routes are less mature from a technological point of
view and thus only at the early stages of commercialisation.

55 en:former, E-fuels could advance the energy transition in the transport sector.
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2016.%% the transport sector is still highly oil-dependent as approximately 94% of the con-
sumed energy was oil-derived in 2017 even though the use of biofuels doubled in the
transport sector during the last decade.’” The average share of renewable energy in gross
final energy consumption®® used in the transport sector rose from 7.4% in 2017 to 8.3%
in 2018.%° In light of the 10% renewable energy target set for 2020 in the original Renew-
able Energy Directive 2009/28/EC® on the promotion of the use of energy from renewa-
ble sources (RED), the trend in renewable energy shares remains below the required tar-
gets.®! Currently, renewable energy is heavily relying on biofuels as around 90% of the
renewable energy in the transport sector was bio-based in 2018. The remaining share of

energy consisted mainly of renewable electricity.®?

For the last decade, the transition from fossil-based fuels has been focused on increasing
the share of first-generation biofuels in fuel blends.®> Compared to conventional fossil
fuels, the first-generation biofuels contribute to CO2 emissions reductions and enhance
the security of supply in the transition towards more intermittent energy production,
awareness of the adverse impacts of the sourcing of these feedstocks has increased.®* The
main disadvantage is the limited feedstock, which has led to the food versus fuel -debate
as the fuel production threatens food security.® First-generation biofuel production typi-
cally originates on croplands traditionally used for food production. Since such agricul-
tural production is still necessary, exploiting the feedstock for producing biofuels may
cause the extension of agriculture land to areas that would not otherwise be used for such
purposes. These lands often include areas such as forests, wetlands and peatlands that are

important in terms of carbon sinks. This process, called indirect land use change, releases

56 European Environment Agency 2019a, p. 11, European Environment Agency 2019b, p. 2-3 and 7 and
EIA 2020, p. 76.

57 European Commission 2020, EIA 2020, p. 76.

8 According to Article 2(f) of RED, gross final consumption of energy refers to energy commodities de-
livered for energy purposes to industry, transport, households, services, agriculture, forestry and fisheries,
taking into account the consumption of electricity and heat by the energy branch for electricity and heat
production and including losses of electricity and heat in distribution and transmission.

5 Eurostat, Renewable energy statistics.

% Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion
of the use of energy from renewable sources and amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC (OJEU L 140/16, 5.6.2009).

6! European Environment Agency 2019a, p. 11 and European Environment Agency 2019b, p. 2-3 and 7.
Finland and Sweden are the only Member States who have reached the target of 10% energy from renew-
able sources of the total energy consumption in the transport sector.

62 European Environment Agency 2019b, p. 6 and IEA, Renewables 2019.

63 Malins 2020, p. 6, crops, rapeseed and palm oil are the main feedstocks used to produce first generation
biofuels. Additionally, waste and residual materials are also used although to a lesser extent.

%4 Naik — Goud — Rout — Dalai 2010, p. 579.

5 Mohr — Raman 2013, p. 117. See also Naik — Goud — Rout — Dalai 2010, p. 579. The impacts of the first
generation biofuels production in food price spikes is controversial.
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CO stored in carbon sinks and reduces emissions savings sought by the increased use of

biofuels.®®

The issues regarding the first-generation biofuels have been acknowledged and the focus
in policy development has moved towards advanced biofuels.®” Although these biofuels
have significant potential to offer, for instance, in terms of GHG emissions reductions,
they do not come without constraints. Advanced biofuels are also associated with sustain-
ability challenges, including soil carbon losses, use of extra fertiliser when residues are
removed and indirect emissions resulting from diverting wastes and residues from their
present uses.®® Although current regulation is largely relying on advanced biofuels, sce-
narios show that they are not available in sufficient quantities in the long term allowing

them to be the sole enablers to replace the fossil fuels in the transport sector.®’

Similarly, electromobility, i.e. direct use of electrify in vehicles via batteries, is highly
supported in the EU. However, direct electrification is not feasible in the scale needed in
light of the renewable energy and climate targets, especially when considering heavy
long-haul transportation, marine and aviation. Compared to conventional fossil fuels,
lower energy density, higher costs and relatively slow recharging performance are disad-

vantages of battery-based electric vehicles.”®

Several studies and policies have recognised the importance of P2X fuels.”! P2X fuels
offer numerous advantages. First, they contribute to climate targets by achieving CO>
reductions and when renewable energy is used, also to the target of mainstreaming the
use of renewable energy in the transport sector.”” Secondly, P2X fuels can be refined to
be compatible with the existing infrastructure. The possibility to use the infrastructure

and applications that are already in place results in benefits in terms of cost savings as

 Mohr — Raman 2013, p. 117 and European Commission, Renewable Energy — Recast to 2030 (RED II).
67 COM(2014) 15 final. Communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the regions a policy framework for
climate and energy in the period from 2020 to 2030, on 22 January 2014, p. 7.

%8 Harrison — Malins — Saerle — Baral — Turley — Hopwood 2014, p. 4 and 12-13.

 Soler 2020, p. 14.

70 Schnettler 2020, p. 5, Diegemund et al. 2017, p. 117 and Fuel Cells and Hydrogen Joint Undertaking
2019, p. 6.

"'See e.g. Christensen — Petrenko 2017, Hiilineutraali Suomi 2020, Malins 2017, Malins 2019, Malins
2020, Koj — Wulf—Zapp 2019, Soler 2020, Schnettler 2020, Saerle — Christensen 2018, Mete — Reins 2020.
2 Soler 2020, p. 98 and en:former, P2X could advance the energy transition in the transport sector, due to
the carbon capture process, the production of P2X fuels contribute to the circular economy. When the fuels
are used, CO, that was bound is released to the atmosphere again during combustion. However, see Bracker
2017, it can be argued that the use of fossil-based CO; in a fuel production does not support purpose behind
circular economy.
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well as faster transition towards renewable energy system. Additionally, liquid P2X fuels
are suitable to be used in the existing transport fleet without significant changes in the
engine design. This would allow a faster transition towards renewable and carbon-neutral

fuels already in short to medium term.”

Thirdly, P2X fuels have a relatively high energy density compared to conventional fossil
fuels which allow them to be deployed in hard-to-abate sectors. High energy density also
facilitates the storage of P2X fuels, which is a crucial issue to be considered in the energy
transition due to the intermittency of renewable energy output. P2X fuels can be stored
in large-scale stationary storages and mobile storages in vehicle tanks counteracting the
fluctuations in the supply and contributing to enhancing energy security. Although there
are already feasible technologies in place for storing electricity from seconds to weeks
into, for instance, batteries and pumped hydro storages, P2X fosters an opportunity to
store electricity also in large volumes and for longer periods of times due to the hydro-
gen’s and P2X fuels’ energy density.”* Fourthly, compared to biofuels, the P2X chain has
a lower associated sustainability risk. When P2X fuels are produced from renewable elec-
tricity, the land requirement is lesser compared to biofuel production. Furthermore, re-
newable electricity production requires less water than agriculture and no obvious sub-

stantial risks of air, water or soil pollution are associated with P2X technology.”

While there are significant advantages regarding the P2X technology as well as P2X fuels,
the production costs form a significant barrier to the deployment in the short term since
the costs are higher compared to the conventional fossil fuel production. Moreover, P2X
fuels result in a low-carbon footprint only if zero-carbon renewable electricity is deployed
for both electrolysis and as a process electricity. Even a supply of low-carbon electricity
could lead to considerable emissions.”® Drop-in P2X fuels produced from the current EU
average grid electricity would have three times higher carbon intensity compared to the
conventional liquid fossil fuels.”” Thus, understanding the comprehensive picture of the
lifecycle GHG emissions occurring from various potential production chains is necessary

to develop a clear and robust eligibility and accounting requirements for these fuels.”®

3 Perner — Bothe 2018, p. 20-24, Soler 2020 p. 98 Schnettler 2020, p. 5.

74 Perner — Bothe 2018, p. 19 and Soler 2020, p. 98.

5 Malins 2017, p. 3.

76 Malins 2017, p. 4, utilising electricity with a low-carbon intensity of 25gCO.e/MJ would only lead to 20-
47% carbon saving depending on the efficiency of the conversion process.

77 Malins 2017, p. 4.

78 Christensen — Petrenko 2017, p. 6-7.
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2.3. Recast Renewable Energy Directive

2.3.1. Objectives of the Recast Renewable Energy Directive

In December 2018, RED II entered into force as a part of the Clean Energy for all Euro-
peans package.” Overall, the objective of RED II is to establish a common framework
for promoting renewable forms of energy. The increased use of renewable energy con-
tributes to the wider target of reducing GHG emissions in accordance with the Paris
Agreement on climate change following the 21st Conference of the Parties to the United
Nations Framework Convention on Climate Change and the binding renewable energy
target for 2030 advances this objective.’’ Another aim behind the 2030 target is to con-
tinue supporting the development of technologies based on renewable energy and thus,
give certainty for investors.®! In addition, developing renewable transport fuels is of pri-

mary importance for the EU’s energy and environmental policy.®?

RED II succeeded the original RED, adopted on 23 June 2009.%* RED established com-
mon EU-wide set of rules for the use of renewable energy relied on legally binding na-
tional targets for each Member States of 20% energy to be produced from renewable en-
ergy sources out of the whole energy consumption in the EU by 2020. RED also included
a sub-target of requiring renewable energy sources account for 10% regarding the energy
consumed in the transport sector. Previous targets for the transport sector were established
in the White Paper on Transport®, according to which the long term emissions reduction
strategy required cutting the emissions by 60% in 2050 compared with 1990 levels. The
white paper aimed at supporting low-emission fuels, energy efficiency and multimodality
of transport and traffic management. In 2016, the review process of the implementation

of the white paper revealed that the progress was not in line with the targets.*> A final

7 See European Commission, Clean energy for all Europeans package.

80 Recital 2 and Article 1 of RED 11

81 Recital 9 of RED II, a renewable energy target defined at the EU level leaves Member States more dis-
cretion regarding the most appropriate measures to achieve the GHG reduction targets in terms of specific
circumstances, national energy mix and a capacity to produce energy from renewable sources.

82 Recital 2 of RED 1L

8 The RED amended and replaced the earlier Directive 2001/77/EC of the European Parliament and of the
Council of 27 September 2001 on the promotion of electricity produced from renewable energy sources in
the internal electricity market (OJEU L 283/33, 27.10.2001) and the Directive 2003/30/EC of the European
Parliament and of the Council of 8 May 2003 on the promotion of the use of biofuels or other renewable
fuels for transport (OJEU L 123/42, 17.5.2003).

8 COM(2011) 144 final. Roadmap to a Single European Transport Area — Towards a competitive and
resource efficient transport system, on 28 March 2011.

85 SWD(2016) 226 final. The implementation of the 2011 White Paper on Transport ‘Roadmap to a Single
European Transport Area — Towards a competitive and resource efficient transport system’ five years after
its publication: achievements and challenges, on 4 July 2016.
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evaluation regarding the white paper will be completed by the end of 2020.3¢ Furthermore,
a range of new strategies and policies, such as the European Strategy for Low-Emission
Mobility,” the Clean Energy for all Europeans package as well as the three Mobility
Packages®® were adopted during the recent years, indicating the EC’s determination to

address the shortfall in the emissions reductions.

In November 2016, the EC published a formal proposal®® to recast RED in order to un-
derpin the new renewable energy targets for the following decade. RED established re-
newable energy targets only until 2020, but there were also other compelling reasons re-
quiring recasting the legislation. The EU climate and energy framework for 2030 agreed
by the European Council in October 2014 was one of the main drivers.”® The framework
underlined the importance of ambitiousness in the EU’s climate and energy policies to
keep the EU on track with the commitments agreed in the Paris Agreement regarding the
long term emissions reduction targets.”! The EC explicitly emphasised in the proposal
that the absence of updated climate legislation in the EU would risk the EU’s position as
a global leader in light of renewable energy targets. The EC also recognised that the con-
tinuation of unchanged policies would possibly lead to growing disparities between the
Member States. The best performing Member States with the most ambitious climate pol-
icies would pursue increasing the share of renewable energy while the countries investing
less would miss the incentive to change their current energy production and consumption

manners. 2

8 EIA 2020, p. 76.

87 COM(2016) 501 final. Communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the Regions. A European Strategy for
Low-Emission Mobility. A European Strategy for Low-Emission Mobility, on 20 July 2016.

8 COM(2017) 283 final. Communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the Regions. Europe on the move. An
agenda for a socially fair transition towards clean, competitive and connected mobility for all, on 31 May
2017.

COM(2017) 675 final. Communication from the Commission to the European Parliament, the Council, the
European Economic and Social Committee and the Committee of the Regions, Delivering on low-emission
mobility, on 8§ November 2017.

COM(2018) 283 final. Communication from the Commission to the European Parliament, the Council, the
European Economic and Social Committee, the Committee of the Regions, On the road to automated mo-
bility: An EU strategy for mobility of the future, on 17 May 2018.

8 COM(2016) 767 final/2. Proposal for a Directive of the European Parliament and of the Council on the
promotion of the use of energy from renewable sources (recast), on 23 February 2017.

% COM(2014) 15 final.

°! Paris Agreement on climate change following the 21st Conference of the Parties to the United Nations
Framework Convention on Climate Change.

%2 COM(2016) 767 final/2, p. 2-3.
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Thus, following the target endorsed by the European Council, RED II proposal proposed
a set of policy measures to achieve a tightened share of 27% of renewable energy from
the overall energy consumption in the electricity, heating, cooling and transport sectors
by 2030.” Unlike RED, where the 20% share of renewable energy was translated into
national targets providing the Member States with considerable discretion on the national
measures, RED II relies on an EU-level binding target. The 2030 target is to be achieved
by combining the Member States’ national actions in cooperation with one another and

the support of the framework and the measures provided in RED II.%4

The European Parliament and the European Council proposed certain amendments to the
proposal and the final version of RED II was agreed on 14 June 2018.%° This version
raised the EU-wide overall renewable energy target for 2030 from 27% to 32%. Further-
more, RED II introduced binding sector-specific sub-targets. In the transport sector, the
Member States must set an obligation on fuel suppliers to ensure that the share of renew-
able energy within the final consumption of energy in the road and rail transport is at least
14% by 2030. The trajectory to achieve the targets are defined by each Member State in
their integrated national energy and climate plans in accordance with the governance pro-
cess under Regulation (EU) 2018/1999% on the Governance of the Energy Union and
Climate Action. One of most significant difference between RED and the final version of
RED Il relates to the calculation rules of the national target, as in addition to the explicitly
regulated calculation rules, the Member States have more choice to decide how the 14%
target is calculated and which measures are used to achieve it. In addition, the Member
States are afforded with increased flexibility to set their own more ambitious national
targets both as regard to overall energy target and the sub-target for renewability in

transport.97

% COM(2016) 767 final/2, p. 2.

% COM(2016) 767 final/2, p. 3.

%52016/0382 (COD).

% Regulation (EU) 2018/1999 of the European Parliament and of the Council of 11 December 2018 on the
Governance of the Energy Union and Climate Action, amending Regulations (EC) No 663/2009 and (EC)
No 715/2009 of the European Parliament and of the Council, Directives 94/22/EC, 98/70/EC, 2009/31/EC,
2009/73/EC, 2010/31/EU, 2012/27/EU and 2013/30/EU of the European Parliament and of the Council,
Council Directives 2009/119/EC and (EU) 2015/652 and repealing Regulation (EU) No 525/2013 of the
European Parliament and of the Council (OJEU L 328/1, 21.12.2018).

97 COM(2014) 15 final, p. 5. See also Sipild — Kiuru — Jokinen — Saarela — Tamminen — Laukkanen —
Palonen — Nylund — Sipild 2018, p. 33.
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The 14% objective is further subject to a sub-target for advanced biofuels produced from
feedstocks in Part A of Annex IX. The required minimum level of these fuels to be sup-
plied is 3.5% by 2030. Biofuels from feedstocks in Part B of Annex IX are capped at
1.7% in 2030 to address the sustainability risk associated with these feedstocks. Further-
more, RED Il includes caps on conventional biofuels and on high indirect land use change

risk biofuels.”®

Although the Member States must transpose the provisions of RED II into national legis-
lation by 30 June 2021, many important details are still subject to further assessment in
the near or medium-term by the EC. The EC will review the overall 32% renewable en-
ergy target as well as the 14% sub-target for transport fuels by 2023. The provision allows
a possible revision upwards. According to Recital 8 of RED II, the possible revision up-
wards is assessed by the EC in light of substantial cost reductions in the renewable energy
production, international commitments as well as in case of a significant decrease in the
energy consumption in the EU. In addition, the EC must review the feedstocks listed in
Annex IX biannually. Pursuant to this assessment, the EC may decide to add feedstocks

to the list, but any feedstocks that have been presented in the list cannot be removed.”

RED II grants the EC a power to adopt delegated acts'®

regarding the details of particular
articles, including Articles 25, 27 and 28. Delegated acts usually contain measures of
technical nature or other details that are necessary for an appropriate level of guidance for
the provision to be fully applicable. This allows the legislator to focus on policy direction
and objectives of the legislation instead of debates regarding decisions often very detailed
and technical by nature. However, delegated acts may often result in additional delays in

terms of industrial development and deployment of certain process routes, for instance,

% Article 26 of RED II. Furthermore, the transition towards carbon-neutral and renewable fuels is also
supported by Directive 2014/94/EU of the European Parliament and of the Council of 22 October 2014 on
the deployment of alternative fuels infrastructure (OJEU L 307/1, 28.10.2014). The Directive establishes
minimum requirements for Member States to provide alternative fuels infrastructure for, at least, electricity,
natural gas and hydrogen. The Directive is currently undergoing a revision, and the EC is expected to adopt
the initiative in 2021. The purpose of the initiative is to achieve greater harmonisation of efforts and expand
the level playing field across fuels.

% Article 31 of RED II.

100 See European Commission, Implementing and delegated acts. The EC adopts the delegated acts based
on a delegation granted in the legislative act. The power of the EC to adopt delegated acts is precisely
limited. Although the delegated acts can be used to supplement or amend certain provisions in the original
legislation, the essential elements of the legislative act cannot be changed by a delegated act. After the EC
has adopted the delegated act, Parliament and Council have an opportunity to object the act before the
delegated act enters into force. The legal basis for the delegated acts is found in Article 290 of the Treaty
of Lisbon amending the Treaty on European Union and the Treaty establishing the European Community
(OJ C 306, 17.12.2007). Delegated acts are defined as non-legislative acts of general application to supple-
ment or amend certain non-essential elements of a legislative act.
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when a methodology needs to be adopted to verify some specific requirements laid down
by a directive. This is also the case with RED 1I, as the lack of detailed guidance stalls

the market development.'®!

Overall, I take the view that the current RED II is not capable of incentivising the pro-
duction of P2X fuels on a scale needed as regard to the objectives set forth for RED II.
Contrary to the aim to support the technologies based on renewable energy and provide
certainty for the investors, RED II remains too ambiguous and shy of providing clear and
robust encouragement and regulatory action on P2X fuels. Furthermore, by favouring
biofuels and direct electrification knowingly over the P2X fuels, RED II fails to create a
level playing field for P2X fuels and to identify their possibility to contribute in increasing
the share of renewables in the transport sector and thus, in the broader context, to deliver

GHG emissions reductions.

The future of the support provided for P2X fuels by RED II remains partly mired in un-
certainty as further changes are lying ahead. In August 2020, before the provisions of
RED II have even been transposed into national legislation, the EC commenced an incep-
tion impact assessment as regard to revision of RED II. The underlying reason behind the
revision is to ensure that renewable energy contributes to the achievement of higher EU
climate ambition set forth in the 2030 Climate Target Plan. The review includes a possible
revision of the overall minimum renewable energy target of 32% in addition to the revi-
sion of the sector-specific measures. Moreover, certain actions proposed in several strat-
egies and initiatives, including Energy Sector Integration and Hydrogen Strategies are
possibly translated into legal measures. These could include increasing the use of renew-
ables in the transport sector, promoting development and deployment of renewable and
low-carbon fuels, including synthetic liquid and gaseous fuels and hydrogen, comple-
mented by an establishment of a comprehensive terminology and certification system.'??
I welcome the revision process as these considerations seem promising as regards sup-
porting the deployment and further development of P2X fuels. The EC will introduce the
legislative proposal by June 2021.!%3

101 See See Chiaramonti — Goumas 2019, p. 8.
192 P1an/2020/7536, p. 2-3.
103 Plan/2020/7536, p. 1.
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2.3.2. Defining Power-to-X Fuels

RED II introduces two non-biogenic fuel categories.!® According to Article 2(36) of
RED II, RFNBOs are defined as liquid or gaseous fuels other than biofuels and biogas
used in the transport sector. The definition requires that the energy content of the RFNBO
is derived from renewable sources other than biomass.!*> Examples of RENBOs are, for
instance, hydrogen, ammonia, methane, methanol and Fischer-Tropsch fuels produced
from renewable electricity.'®® When the energy content of the fuel is built on a mixture
of renewable and non-renewable sources, only the share that attributed to renewable
sources, excluding biomass, is considered as RFNBO when determining the RENBO frac-

tion of the fuel.'"’

Article 2(35) of RED II defines RCFs as liquid and gaseous fuels produced from a liquid
or solid waste streams of non-renewable origin. The RED I requires that these waste
streams do not qualify for material recovery under the waste hierarchy regulated in the
Directive 2008/98/EC!% on waste (Waste Directive).!%” Moreover, RCFs can also be pro-
duced from waste processing and exhaust gas of non-renewable origin that result as an
unavoidable and unintentional consequence of the production process in industrial instal-

lations.

The definition of RCFs itself does not make explicitly clear what fuels actually apply
under this definition but in general terms, it can be concluded that RCFs are fuels where
the energy is derived from fossil origin carried in gaseous, liquid and solid waste streams.
This refers to non-recyclable solid waste, such as plastic or rubber as well as non-biolog-
ical municipal solid waste.!'? Likewise, surplus methanol derived from an existing meth-

anol process that would have otherwise been released to the atmosphere could be defined

104 Floristean 2019, p. 10.

195 Malins 2020, p. 6.

106 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 7.

107 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 6.

18 Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on waste
and repealing certain Directives (OJEU L 312/3, 22.11.2008).

109 Article 4 of Waste Directive sets forth the principles of waste hierarchy. The first priority is given to
prevention measures aiming at reducing the quantity and harmfulness of the waste. If prevention is not
possible in the first place, the waste should be prepared for re-use or as a third option, recycled. If recycling
is not an option, other recovery measures, such as energy recovery, are required. Provided that these
measures are not feasible, disposal of waste presents the last alternative to waste management.

110 Serdoner 2020, p. 1, Mestre 2020, p. 7 and Malins 2020, p. 6. Edwards — Padella — O’Connell — Prussi
— Scarlat 2020, p. 9, in order to ensure that using waste in the fuel production does not uninsentivise and
prevent improving material recycling in the future, the waste material in fuels are not considered in Member
States targets regarding material recycling.

20



as RCF. In this scenario, methanol would be the product of a process where excess hy-
drogen from an existing process would be combined with CO» derived from another ex-
isting process. Furthermore, fuels incorporating energy from off-gases, meaning indus-
trial waste processing or exhaust gases refer to, for instance, blast furnace gas, excess
coke oven gas or refinery fuel gas and hence, qualify as RCFs. These gases can be further

refined to ethanol, methanol or other end products.'!!

Although both RFNBOs and RCFs are identified in RED II, a number of regulatory issues
still need to be evaluated and agreed on before the role of these fuels will be established
in the EU’s 2030 fuel mix.!'? With regard to RFNBOs and RCFs, RED II creates barriers
that could delay and, in some cases, even discourage the development and deployment of
P2X technologies in the short run. The main bottlenecks relate to the absence of a proper
level playing field as well as issues arising out of the lack of genuine technology neutrality
and non-discriminatory conditions.!!® Due to these barriers, investing in the P2X technol-
ogies will not attract the operators at least in the near future, as the regulatory framework
does not provide adequate incentives compared to other competing pathways. The exist-
ing regulation creates uncertainties for both RFNBOs and RCFs, although other energy-
related issues, such as issues regarding energy storage and grid balancing could benefit

from their deployment.!!*

3. Raw Materials of Power-to-X Fuels

3.1. Introductory Remarks

In this chapter, I will test the hypothesis by evaluating how RED II stipulates the raw
materials used for the production of P2X fuels. I begin by assessing the green value of
hydrogen and the possibilities for verifying the origin. In the second part of this chapter,
I analyse the impacts of the carbon sources available. I finish with an evaluation of CO-
accounting, focusing on the relationship between RED II and the ETS. The approach used
in this chapter is rather forward-looking as the regulatory frameworks relating to hydro-

gen and CO; assessed in RED II and ETS are still subject to revision.

1! Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 9.
112 Malins 2020, p. 6.

113 See Chiaramonti — Goumas 2019, p. 9.

114 Chiaramonti — Goumas 2019, p. 9.
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3.2. Hydrogen

3.2.1. Assessing the Green Value of Hydrogen

Hydrogen is currently one of the key priorities in the EU’s clean energy transition. Elec-
tricity is going to be the leading enabler, but a gap will remain where direct electrification
is not a feasible option. Hydrogen has been considered to deliver a strong potential to
bridge this gap to some extent. Furthermore, hydrogen is expected to play a crucial role
in energy transition due to the wide variety of uses it has to offer. It can enable various
applications to be used in industry, transport, power as well as in building sectors where
it can be deployed as a feedstock, an energy carrier and storage as well as a fuel. Thus,
hydrogen offers a way to decarbonise industrial processes and sectors that are still very
emission-intensive and where CO> emissions reductions have been challenging to achieve
and consequently, which are very urgent to decarbonise. In addition to multiple applica-
tions hydrogen has to offer, the most significant feature is that its use causes no CO:
emissions and almost no air pollution. Moreover, rapid decrease in renewable electricity
prices, technological developments and urgent need to cut emissions are facilitating the

deployment of hydrogen.!!®

As hydrogen can be produced through a variety of processes, some of these processes are
greener by nature, whereas some are more carbon-intensive. Due to this complex scenario
where the carbon intensity of hydrogen may vary from very low to very high, there is a
strong need to establish an EU-wide taxonomy for hydrogen. RED II did not take ad-
vantage of the opportunity to provide a common taxonomy for renewable and low-carbon
hydrogen, even though it includes provisions regarding renewable gases. Still, RED II did
not introduce clear and consistent definitions to categorise the various gases that are al-
ready used in the system. Thus, EU-wide criteria should be adopted, as the treatment of
many hydrogen-based technologies are building on these definitions.!'® The lack of com-
mon taxonomy for renewable or low-carbon hydrogen may occur as a significant barrier

for the deployment of hydrogen derived fuels.!!”

The Hydrogen Strategy acknowledges this issue by stating that in order to kick-start the

growth of hydrogen, both the industry and investors need clarity and certainty in addition

115 COM(2020) 301 final, p. 2.
116 Hydrogen Europe 2019, p. 16.
7 Floristean 2019, p. 11.
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to a clear EU-wide understanding concerning the applicable hydrogen production tech-
nologies as well as the taxonomy on renewable and low-carbon hydrogen.!!® The Hydro-
gen Strategy recognises the need to swiftly introduce a supportive framework, including
a common taxonomy and criteria for certification of renewable and low-carbon hydro-
gen.!" This certification system could deploy the monitoring, reporting and verification
processes of the existing EU ETS as well as provisions outlined in RED II. Such frame-
work could be built on a lifecycle analysis considering the full GHG emissions and the
existing methodologies introduced by CertifHy'?’ together with industry initiatives. Fur-
thermore, the system should be consistent with the EU taxonomy for sustainable invest-

ments'?!

. Additionally, the roles of guarantees of origin (GO) and other sustainability
certificates are assessed in the context of RED II to support the cost-effective production
and trade across the EU.'?? According to the Hydrogen Strategy, the EC will establish a
comprehensive taxonomy and EU-wide criteria for certification of renewable and low-
carbon hydrogen as well as a common threshold for low-carbon hydrogen based on a full

lifecycle GHG emissions by June 2021.'%

Pursuant to CertifHy’s green hydrogen criteria, hydrogen produced from renewable en-

ergy means hydrogen that is derived from renewable sources in accordance with Article

118 COM(2020) 301 final, p. 12.

119 COM (2020) 301 final p. 22, the common taxonomy and the thresholds for low-carbon hydrogen are
introduced by June 2021. COM (2020) 301 final, p. 3-4, The following definitions were deployed through-
out the Hydrogen Strategy: electricity-based hydrogen means hydrogen produced by electrolysis of water
irrespective the source of the electricity. The source of electricity determines the full lifecycle GHG emis-
sions of the production of electricity-based hydrogen. Renewable hydrogen and clean hydrogen are used
synonymously, and they refer to hydrogen produced through electrolysis of water. The electricity used for
the production process is derived from renewable sources. The full lifecycle GHG emissions are close to
zero. Furthermore, renewable hydrogen may be produced through biogas reforming or biochemical con-
version of biomass provided that the sustainability requirements are followed. Fossil-based hydrogen
means hydrogen that is produced through different processed deploying fossil fuels as feedstock. The full
lifecycle emissions are high. Fossil-based hydrogen with carbon capture means fossil-based hydrogen
where the emitted GHGes in the production process are captured. Although the GHG emissions are lower
than without the capture, the effectiveness of the capture process needs to be taken into account, as a max-
imum of 90% of the GHG emissions can be captured. Low-carbon hydrogen includes fossil-based hydrogen
with carbon capture as well as electricity-based hydrogen when the full lifecycle GHG emissions are sig-
nificantly lower than in the current mainly fossil-based hydrogen production. Finally, hydrogen-derived
synthetic fuels mean gaseous and liquid fuels produced from hydrogen and carbon. In order to consider
these synthetic fuels renewable, the hydrogen part of the fuel should be renewable.

120 CertifHy 2019, p. 4, CertifHy is a European project developing an EU-wide GO system for hydrogen in
cooperation with various stakeholders.

12l European Commissions, EU taxonomy for sustainable activities. Under the framework provided by Reg-
ulation (EU) 2020/852 of the European parliament and of the Council of 18 June 2020 on the establishment
of a framework to facilitate sustainable investment, and amending Regulation (EU) 2019/2088 (OJEU L
198/13, 22.6.2020), an EU Technical Expert Group on sustainable finance published a technical report
Taxonomy: Final report of the Technical Expert Group on Sustainable Finance 2020 containing a criteria
for economic activities contributing to climate change mitigation or adaptation.

122, COM(2020) 301 final, p. 12.

122 COM(2020) 301 final, p. 22.
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2(1) of RED II.'?* Energy from renewable sources, or renewable energy, refers to energy
derived from renewable sources that are of a non-fossil origin. The article explicitly refers
to wind, solar and geothermal energy, ambient energy, tide, wave as well as other ocean

energy, landfill gas, sewage treatment, plant gas and biogas.'?’

In light of the articles of RED II focusing on the transport sector’s renewable fuels re-
quirements, the provisions and calculation rules are quite clear in terms of taking into
account the renewable electricity used in the onsite hydrogen production, when the con-
nection is based on a closed-loop system. However, in a situation where the electrolyser
is connected to a power grid containing a diverse energy mix and co-located with other
sources of power production, other instruments to account and trace the origin of electric-
ity should be established.'?® In multi-fuel plants deploying both renewable and non-re-
newable sources for hydrogen production, only the part of hydrogen that is produced from
renewable sources can be considered when calculating the amount of CertifHy green hy-
drogen. The contribution of each energy source is taken into account based on the energy

content.'?’

CertifHy low-carbon hydrogen refers to a production batch or sub-batch which GHG
footprint is equal or lower than a specified threshold. This threshold will be determined
based on the requirements under RED II. As the current RED II lacks such threshold and
requirements, CertifHy has established the limit to represent a reduction of 60% in com-
parison with the benchmark processes.!? In the CertifHy system, the calculation of the
GHG emissions of a production batch is based on the International Organization for
Standardisation standards ISO 14044'?° and 14067'3°. Moreover, as RED II does not con-
tain specific rules concerning hydrogen with this regard, the provisions in Annex V and
VI of RED II are analogously applied. Furthermore, the system includes the lifecycle

emissions from well-to-gate, meaning that the emissions starting from the extraction and

124 CertifHy 2019, p. 6.

125 Article 2(1) of RED I1.

126 Wind Europe 2019, p. 6-7.

127 CertifHy 2019, p. 6, values laid down in the Annex III of RED II are used in order to determine the
energy content of fuel. If a fuel is not included in Annex III, the appropriate European Standards Organisa-
tion’s or as a last resort, the relevant International Organization for Standardisation’s standards are used for
determining the energy content of a fuel.

128 CertifHy 2019, p. 7.

129 ISO 14044, the standard includes guidelines and requirements for lifecycle assessment in light of envi-
ronmental management.

130 ISO 14067, the standard provides principles, guidelines and requirements for the quantification and
reporting regarding carbon footprint of a specific product. The provisions in this standard are consistent
with the above ISO 14044 standard.
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processing of raw materials to the production of a marketable product are considered. The
GHG emissions from electricity used in hydrogen production are considered to be zero
when the electricity is from wind, solar photovoltaic or hydropower. However, the emis-
sions emitted from building of the required production devices, transport and supply to

the customers, use and product end life are not considered in the CertifHy system.'*!

Moreover, the Technical Annex'*? of the Taxonomy Report introduces thresholds for
manufacturing hydrogen in light of direct CO; emissions, electricity use for hydrogen
produced through electrolysis and the average carbon intensity of electricity exploited for
hydrogen production.!*? These thresholds correspond to the performance of electrolysis
with low-carbon energy and can be achieved by utilising carbon capture and storage
(CCS). Furthermore, the thresholds reflect the CertifHy criteria developed in line with the

most recent best market practises to certify green hydrogen.'**

The priority in the EU is given to support the deployment of renewable hydrogen pro-
duced mainly by wind and solar energy, as renewable hydrogen is the most compatible
option towards the EU’s climate targets and zero pollution goal in the long term. How-
ever, the need for low-carbon hydrogen is recognised in the short and medium-term. Low-
carbon hydrogen is required to swiftly reduce emissions from the currently highly emis-
sion-intensive hydrogen production and facilitate the parallel uptake of renewable hydro-
gen.!® Nevertheless, one important issue challenging the regulators and policymakers to
bear in mind is that the decision regarding the taxonomy does not take place in a regula-
tory void. The new terminology will have an immediate impact on the interpretation of
the existing provisions and therefore, at the commercial level as well. For instance, the
terminology for green or renewable hydrogen has a direct connection to the definition of
renewable energy in Article 2(1) of RED II. Moreover, the definitions and taxonomy es-
tablished for hydrogen will determine how the fuel supplier’s obligation to ensure that

the share of renewable energy in the transport sector is at least 14% will be applied under

B3I CertifHy 2019, p. 8.

132 EU Technical Expert Group on Sustainable Finance, Taxonomy Report: Technical Annex, Updated
methodology & Updated Technical Screening Criteria 2020.

133 EU Technical Expert Group on Sustainable Finance 2020b, p. 181, the threshold for direct CO, emis-
sions from producing hydrogen is 5.8 tCO,e/t. The threshold for hydrogen produced through electrolysis
has been set at 58 MWh/t Hydrogen or below and the average carbon intensity of electricity used for hy-
drogen manufacturing is at or lower than 100 gCO,e/kWh.

134 EU Technical Expert Group on Sustainable Finance 2020b, p. 182.

135 COM(2020) 301 final, p. 5.
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Article 25 of RED II, which stipulates mainstreaming the use of renewable energy with

this regard.!*

Based on this analysis, the key actions mentioned in the Hydrogen Strategy have an es-
sential role to boost the demand and to scale-up the production. I emphasise that intro-
ducing a clear and robust terminology for both renewable and low-carbon hydrogen is
paramount as the taxonomy gives an indication to hydrogen producers on the level of
support they can expect in terms of contributing towards the renewable targets. Further-
more, the terminology will have an impact on the certification of the hydrogen. As the
legislator has not seized the opportunity to introduce a common terminology during the
recast of RED II but rather left it to the operators to develop, the existing categorisation
established by CertifHy should be considered as a stepping stone for the EC taking into

account other existing policies and the experiences of stakeholders.

However, I underline that on the other hand, the regulatory framework has to be precise
enough to provide operators with necessary guidance, the regulation needs to be flexible
and forward-looking not to stifle innovation. As the hydrogen economy is expected to
scale-up with a high speed already in short to medium term, the progress in technological
solutions and infrastructure will take huge steps forward. Thus, the legislator needs to
ensure that the adopted terminology remains up to date in light of the regulation in the

energy sector but also considering the technological developments.

3.2.2. Verifying the Origin of Hydrogen

The terminology to be adopted for hydrogen will also have an impact on the GO sys-
tem.'*” RED II defines GOs as electronic documents which provide evidence to a final
customer that the share or quantity of energy was produced from renewable sources.!®
RED II requires the extension of the current GO scheme to cover also renewable gas,
including hydrogen. However, only electricity suppliers have an obligation to use the GOs

to show that a given share of the energy has been produced from renewable energy

136 See Conti 2020a, p. 7.
137 Hydrogen Europe 2019, p. 7.
138 Article 2(2)(12) of RED IL.
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sources. Thus, the Member States must create a GO system but energy suppliers produc-
£ 139

ing other than electricity may choose whether to exploit it or no
RED II also recommends the Member States to consider the option to include energy
from non-renewable sources under the GO system.'*’ Such low-carbon GOs are necessary
to demonstrate and recognise the contribution of non-renewable gas to decarbonisation.
Including both renewable and low-carbon gases under the GO system provides consistent
EU-wide policy to prove final customers the origin of such gases and facilitates the trade
across borders.!*! It should be noted that a well-functioning GO system increases hydro-
gen consumption by creating a market pull and improving the overall business case for

hydrogen.'#?

For the most part, the characteristics of the GO system already in place for electricity
apply to renewable hydrogen.!* The language of RED II is partly identical to Article 15
of RED regarding electricity, although Article 19 of RED II makes certain changes and
clarifications. In addition to extending the GO system to cover all energy from renewable
sources'**, the most notable updates include provisions regarding received support from
support schemes and the system’s compliance with specific standards. In cases when a
renewable energy producer gets funding from a support scheme, the market value of GO
for such product must be determined in the relevant support scheme.'*> Furthermore, the
Member States and the other competent bodies assigned to oversee the GO system must
make sure that the requirements on the issuing, transferring and further cancellation of
GOs comply with the standard CEN — EN 16325. However, this standard is currently

revised for the purposes of establishing an accurate, reliable and fraud-resistant GO sys-

tem suitable to cover the new sources of energy included in the GO system. !4

139 Recital 59 of RED I1.

140 Recital 59 of RED 11

141 Hydrogen Europe 2019, p. 16 and 17 and Wind Europe 2019, p. 7, a clear distinction between the re-
newable GOs and low-carbon GOs must be ensured in order to provide customers and operators a clear
framework.

142 Mete — Reins 2020.

43 Velazquez Abad - Dodds 2020, p. 4.

144 Article 19(1) of RED 1L

145 Article 19(2) of RED 1L

146 Article 19(6) of RED II and Regatrace 2020. the European Standard CEN — EN 16325 is currently
subject to an update in order to establish an accurate, reliable and fraud-resistant GO system that is suitable
to cover the new sources of energy included in the GO system.
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Due to the physical disparities between electricity and gases, tracking the origin of energy
is not similar.'*” Compared to electricity, gases, including hydrogen, are more challenging
in terms of the GO system because of, for instance, their different uses and delivery. Also,
gas itself is usually not an end product as it is often diverted to transport fuels or other
products. The application also impacts the taxation of the gas as well as the required qual-
ity. Moreover, when compared to electricity, gas is not entirely homogenous as the num-

ber of disparities may vary.'#

The value of GOs is sensitive to whether it is voluntary to disclose the origin of the energy
for customers or mandatory for the purposes of compliance. Further, the scope and vol-
ume of the market also impact the value of the GOs and whether the system is consistent
with possible support schemes in place. Thus, policies and legislation having an impact
on these factors will result in influencing the development of the hydrogen markets sig-
nificantly.'* However, although the use of GOs is mandatory to disclose the renewable
origin of electricity to a final customer and they have proven to be successful in facilitat-
ing the use of power purchase agreements (PPA), the prices have been relatively low
compared to the wholesale price of electricity as the demand of consumers for renewable

electricity falls behind the supply of a GO verified electricity.'*°

Overall, a harmonised framework is required to guarantee the tradability of the GOs
across borders despite certain differences in national structures of the GO systems.!!
Such a system could be based on the already operating system established by CertifHy,
although further improvements would still be needed. CertifHy has developed an EU-

wide framework for hydrogen GO system for the purposes of achieving the envisages laid

147 Velazquez Abad - Dodds 2020, p. 4. Wind Europe 2019, p 19, the main difference between electricity
and hydrogen is that hydrogen is a chemical energy carrier created of molecules whereas electricity is de-
rived of electrons. Chemical energy has more diverse transportation and storage possibilities compared to
electricity.

148 Klimscheffskij — Brockl — Vanhanen — Virre 2019, p. 8. Listen also Conti — Pototsching — Wood et al.
2020, due to the qualities of hydrogen, it would be appropriate to consider whether hydrogen should be
treated as a separate energy carrier under RED II, instead of a subcategory under gases. See also Ener-
giateollisuus ry 2020, p. 2, it is recommended that the use GOs for hydrogen and other gases should be
separated when implementing RED II to Finnish legislation as the development of the hydrogen economy
is of great interest in the EU and thus, there are upcoming policy measures focusing only on hydrogen. In
this case, GOs for hydrogen and other gases should not be used crosswise.

1499 Velazquez Abad - Dodds 2020, p. 11, allowing double counting of GOs and other incentives could foster
market growth at the early stages of market development. Nevertheless, the Article 19(2) of RED II explic-
itly requires Member States to ensure that a unit of renewable energy is only taken into account once.

150 See Timpe — Seebach — Bracker — Kasten 2017, p. 9-11 and Malins 2019, p. 22.

131 Discussed in Conti — Pototsching — Wood et al. 2020.
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down by RED II and ensuring a harmonized system across the Member States.'*? Incon-
sistent national bottom-up developments could possibly hamper establishing operative
European markets for green and low-carbon hydrogen. CertifHy would offer the Member
States certain options to establish their own GO registries while still allowing them to
take advantage of the CertifHy system. However, the national implementation of the GO
system is under progress in many Member States, and the risk of emerging operational
barriers may arise if incompatible systems are created.'>*A CertifHy GO includes infor-
mation on the hydrogen production plant, support received under any support schemes,
production time, source of energy and GHG intensity. As a result, hydrogen falls either
under green hydrogen or low-carbon hydrogen. The CertifHy system allows GOs to be
transferred independently of the energy to which it originally relates. Furthermore, a GO
is cancelled either when the given hydrogen is consumed or converted into another form

of energy, ensuring that the unit of hydrogen is taken into account only once.!>*

As the targets for green hydrogen are ambitious, an instrument facilitating an optimal
combination of renewable energy vectors could offer a solution.!>> One approach would
be to abandon the current idea of renewable electricity versus renewable gas and instead,
consider them as energy vectors. An enhanced GO system could provide support for
meeting renewable energy targets in a cost-effective way. Additional benefits could be
achieved in terms of promoting sector integration and facilitating a harmonised standard-
isation of GOs. An enhanced GO system should indicate the renewable origin of the en-
ergy. It could indirectly complement decarbonisation targets, although the GO system
would only aim at increasing the share of renewable energy to meet renewable energy
targets. Moreover, it would support the integration of renewable electricity and gas as

energy vectors.!>® Furthermore, it could be considered whether the GO system should be

152 Floristean 2019, p. 11 and 17-18, in addition to GOs, CertifHy has prepared supply certificates to demon-
strate the share of renewable energy in the transport sector. In order to monitor the fulfilment of those
targets, a certification and tracking instrument is required. Conditions for issuing supply certificates may
be different than the ones applied for GOs as pursuant to Article 19 of RED II, the sole purpose of a GO is
to disclose the origin of the energy to the final customer. To avoid contradictory claims from suppliers and
end-users as well as double counting, both systems would benefit from similar certification and tracking
guidelines. However, the impact of Article 25(2) of RED II on existing and upcoming tracing and tracking
schemes should be still further assessed. This is the case particularly with the green hydrogen and low-
carbon hydrogen labels proposed by CertifHy and those labels for supply certificates must meet the require-
ments specified in Article 25(2) of RED II as well as the delegated acts issued under the directive.

153 Floristean 2019, p. 11 and 15.

154 Floristean 2019, p. 11-12 and 21, CertifHy has launched a pilot scheme for renewable and low-carbon
GOs where the first GO was issued in December 2018.

155 COM(2020) 301, p. 3, at least 6 GW of renewable hydrogen electrolysers should be installed by 2024
and 40 GW by 2030 in the EU.

156 Discussed in Conti — Pototsching — Wood et al. 2020.
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expanded further to cover all sectors, technologies and energy carriers in the economy in
order to facilitate trade and investments into renewable energy technologies. In addition,
a stronger link between the GOs and the ETS could be created by requiring the GOs to
include the necessary information of, e.g. emissions reductions, to allow them to be trad-

able under the ETS.!7

Although GOs have the potential to facilitate hydrogen uptake, the current GO system
has some limitations set forth by RED II. The inclusion of other energy carriers into the
GO system under RED II has been a step forward. Still, to fully support achieving the
renewable energy targets, the GOs should become statutory for all energy carriers in-
cluded in the GO system, as at the moment, using GOs is at the discretionary of the energy
suppliers than electricity. Limiting the function of GOs to only inform the final customer
of the renewable origin of the given share or quantity of energy restricts their full poten-
tial. The definition of a GO in RED II should be reviewed to include a market value in
addition to an informative value. GOs providing a consistent price signal could be de-
ployed to assess the costs of technologies and renewable vectors. This would deliver over-
all efficiency in terms of achieving the sector-specific renewable energy sub-targets as
well as further support sector coupling. Lastly, in addition to final customers, the GOs
could be applicable also for suppliers, large consumers and distributors. These changes

would foster decarbonization efforts through an increased share of renewable energy.'>®

In Finland, the Ministry of Economic Affairs and Employment has prepared a draft pro-
posal for act on guarantees of origin of energy to transpose the provisions of RED II into
national legislation. As an additional requirement compared to the minimum standards
set forth by RED II, the proposal would set a requirement to disclose the origin of the gas,
including hydrogen, when the gas is reported to be of renewable origin, subject to excep-
tions. The draft proposal was circulated to stakeholders for consultation until 24 August

2020. The proposal will be assessed before the Parliament in February 2021.1%°

I conclude that in light of the current renewable and climate objectives, a broader and

more comprehensive EU-wide GO system could stimulate scaling up the hydrogen pro-

157 Discussed in Conti — Pototsching — Wood et al. 2020 and Riechmann — Roberts 2020. See also Conti
2020b and listen Pototsching — Glachant - Conti et al. 2020.

158 Discussed in Conti — Pototsching — Wood et al. 2020.

159 TEM040:00/2019.
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duction better. Nevertheless, as the industry will need significant investments for hydro-
gen, the possibilities to enhance the system should be explored in cooperation with the

stakeholders to attain the most suitable and supportive outcome for the parties involved.

3.3. Carbon Capture and Utilisation

3.3.1. Carbon Sources

Complete elimination of CO> from all parts of the economy cannot be achieved even if
various energy sectors were fully integrated, as it would require removing all carbon-
containing energy vectors from the system. Thus, a circular carbon economy based on
cyclic utilisation of carbon is necessary to guarantee that no new fossil-based carbon is
added to the energy supply chain.!®’ The EC supports this approach in the Energy System
Integration Strategy, where it explicitly mentions the aim to enable carbon capture, stor-
age and utilisation to support the profound decarbonisation of the energy system. The
Energy System Integration Strategy recognises the role of CCS in industrial processes
where the emissions are hard to abate. Complementing the existing process with CCS
offers them a possibility to continue operating in a climate-neutral economy.'®! Article
3(1) of the Directive 2009/31/EC!6? of the European Parliament and of the Council of 23
April 2009 on the geological storage of carbon dioxide defines geological storage of CO>
as ‘injection accompanied by storage of CO> streams in underground geological for-
mations.”!%3

In addition, carbon capture and utilisation'®* (CCU) appears as an alternative to the per-
manent storage of CO>. CCU can be defined as a group of technologies exploiting CO>
as a feedstock and converting it into value-added products. From a system perspective, in
a CCU process, CO» is captured either from an industrial exhaust stream or directly from

the atmosphere utilising direct air capture followed by a conversion of CO> to a carbon-

160 COM(2020) 299, p. 13 and SAPEA 2018, p. 19.

161 COM(2020) 299 final, p. 13.

162 Directive 2009/31/EC of the European Parliament and of the Council of 23 April 2009 on the geological
storage of carbon dioxide and amending Council Directive 85/337/EEC, European Parliament and Council
Directives 2000/60/EC, 2001/80/EC, 2004/35/EC, 2006/12/EC, 2008/1/EC and Regulation (EC) No
1013/2006 (OJEU L 140/114, 5.6.2009).

163 See Talus 2013, p. 205 and Ramboll — Institute for Advanced Sustainability Studies — Universitit Kassel
Center for Environmental Systems Research — IOM Law — DE Delft 2019, p. 30, In light of CCS, the EU
took the global lead by introducing the Directive 2009/31/EC on the geological storage of carbon dioxide.
The aim was to have a legislative framework in place when CCS technologies take off and support future
technical developments.

164 SAPEA 2018, p. 9.
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intensive product. After the product has been used, the carbon atoms are disposed either
by disposing the product or the associated decomposition products, typically in the form

of CO:x.

Utilising CO; as a raw material for P2X technology to produce synthetic fuels, gases, and
feedstock reduces the amount of conventional fossil fuels required.'®> Furthermore, this
allows CO; to serve as an energy vector.'®® Although there have been major developments
over the last decade, a lack of incentives and perceived barriers decelerates the deploy-
ment of CCS and CCU technologies in full-scale. Even though these barriers do not pre-
vent stakeholders from utilising CO» in their processes, they remain cautious in making

large-scale investments due to vagueness in regulatory developments in the future.'®’

In light of the P2X fuel production, RED II narrows down the focus to the renewability
of the energy supply instead of restricting the source of CO> in the production chain.
Therefore, all sources of CO; are allowed in P2X fuel production.!®® Potential CO
sources can be divided into three categories: CO> captured from the atmosphere, CO>
captured from industrial point source processes emitting biogenic carbon and CO» cap-
tured from industrial point source processes emitting fossil carbon.'® Depending on the
origin of COz and the process employed, P2X fuels may account for very different levels
of GHG emissions.!” Furthermore, different carbon capture alternatives have different
associated energy intensity. In general, the less energy is required for capture and con-
centration, the more concentrated CO» streams are. With the current state of technological
development, direct air capture is approximately four times more energy-consuming com-
pared to capturing CO> from concentrated industrial point sources. Thus, utilising indus-

trial sources is currently more attractive from an operator’s point of view.!”!

The GHG benefits resulting from the production and use of P2X fuels arise from displac-

ing the conventional fossil fuels burned in transport rather than sequestering CO, pro-

165 COM(2020) 299 final, p. 13.

166 Liu — Sandhu — McCoy — Bergerson 2020, p. 3130.

167 Ramboll — Institute for Advanced Sustainability Studies — Universitit Kassel Center for Environmental
Systems Research — IOM Law — DE Delft 2019, p. 30.

168 Malins 2017, p. 58.

169 Malins 2017, p. 56.

170, COM(2020) 299 final, p. 13.

171 Malins 2017, p. 56.
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vided that the net carbon balance of the whole production chain is lower than of the equiv-
alent of fossil fuel.!7? In case when fossil-based energy is the original source of the carbon
in COz, the mitigation potential of the emissions in the P2X process with CCU system is
around 50% compared to reference processes where CCU is not utilised. When CCU is
not deployed, carbon is emitted to the atmosphere at two stages. First, from an industrial
or power source and second, from the use of fuels. On the other hand, when CCU is used,
carbon is emitted to the atmosphere only during the consumption of the fuel since the
emissions at the first stage are captured. Also, emissions from extraction, upgrading and
refining processes are not formed in this case.!”> However, it should be noted that absorb-
ing and recycling CO; from industrial processes does not avoid the emissions released

from the original combustion processes.!”*

When considering lifecycle emissions such as conversion efficiencies and environmental
resources, the actual emissions reduction potential is probably lower than 50%.!”° Fur-
thermore, CO, emissions reduction potential of the P2X system with CCU has been
demonstrated to be minimal as the renewable electricity exploited in the CCU process
could provide much higher offset in some other part of the energy system.!’¢ Thus, it has
been argued that CCU is a feasible option only in more mature states of the energy tran-
sition when the applications requiring a large amount of electricity have been decarbon-
ised. In this scenario, the role of fossil-based CCU would be to support in stabilising the
intermittency of the electricity system as well as to allow the use of renewable electricity
in those parts of the energy system where direct electrification cannot be achieved. As
long as the power sector is not covered mostly by renewable energy, CCU would not add
value in the energy transition. Arguably, especially the fossil-based CCU would even

hamper the rapid transition towards the low-carbon economy.!””

Concerns regarding the utilisation of fossil-based CCU have been brought forward as
utilisation of the fossil-derived CO> would arguably cut the incentive of the industrial

operators to decarbonise their processes. However, the ETS and other decarbonisation

172 Christensen — Petrenko 2017, p. 2.

173 SAPEA 2018, p. 37.

174 Malins 2017, p. 58.

175 SAPEA 2018, p. 37. See also Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 23-25, due to
the higher energy consumption of direct air capture, the impacts on climate are similar whether CO; is
captured from the air or from an installation before the emissions are released to the air.

176 SAPEA 2018, p. 37-38.

177 SAPEA 2018, p. 37-38 and Scibioh — Viswanathan 2018, p. 11.
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instruments and measures should make the fossil-based industrial operations highly un-
profitable. Long term scenarios suggest that fossil-based CO2 P2X conversions into
transport fuels may become irrelevant.!” Furthermore, there are no evident environmen-
tal benefits that would support deploying only non-fossil CO> sources to produce P2X
fuels at the moment. Requirements regarding the origin of CO» could increase the costs
of the production processes, the overall energy consumption and reject the fossil industry
operators as potential project financers and co-operator and thus hinder the deployment

of the synthetic fuels.!”

However, it is essential to emphasize the necessity of carbon efficiency and origin of the
sources when proceeding further with the energy transition.'*® Fully carbon-neutral P2X
fuels require CO; to be derived from biogenic sources or the atmosphere.'8! These P2X
routes utilising renewable sources of COz can achieve either zero or even negative carbon
emissions provided that CO» remains in the technical carbon chain. Compared to the CCU
using fossil CO,, CCU processes deploying renewable sources operate in a cyclic manner,
and no CO: is released to the atmosphere.'®? When direct air capture is used, the amount
of CO2 in the atmosphere remains the same even after the fuel has been burned. Therefore,
the renewable-based CCU system may result in close to zero emissions. However, the
full lifecycle emissions must be carefully considered to make sure that there is no carbon
leakage at any state or component of the process. Using CO> from biogenic sources, such
as combustion of biomass, may result in a low-carbon footprint depending on the produc-
tion process. They have the potential to reach negative carbon emissions provided that
the carbon is permanently stored instead of releasing the re-emitted emissions into the

atmosphere.'®’

Based on this assessment, I conclude that utilising high-concentration industrial point
sources is justified with the current stage of technological development compared to ex-
pending high amounts of energy in absorbing CO, from the atmosphere. Furthermore,
allowing COz to be captured from industrial sources enables lower costs and thus, drives
faster market uptake of P2X fuels. However, in the medium to long term, a revision is

required to review the need to establish rules to encourage the transition towards direct

178 SAPEA 2018, p. 38.

179 Malins 2017, p. 58.

180 Kiirki — Thomasson — Melin — Suomalainen — Saastamoinen — Hurskainen — Mikikouri 2019, p. 1.
181 COM(2020) 299 final, p. 13.

1822 SAPEA 2018, p. 38.

183 SAPEA 2018, p. 39-40.
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air capture, although a well-functioning ETS should be the main instrument to make fos-

sil-based industrial operations unprofitable.'4

3.3.2. Carbon Dioxide Accounting

The logic behind the CCU technologies and processes differs from the existing regulatory
framework. CCU processes require a tailored GHG accounting methodology that allows
taking unique features into account. The current regulation is not adequately designed for
this kind of activities where COx is captured from one sector regulated by specific legis-

lation, such as the cement industry, regulated under the ETS'®

, and subsequently re-emit-
ted in another sector, such as the transport sector, regulated under effort sharing sector by
the Regulation (EU) 2018/842'8¢ on binding annual greenhouse gas emission reductions
by Member States from 2021 to 2030 contributing to climate action to meet commitments
under the Paris Agreement. These overlapping scopes of regulation create challenges in
attributing incentives while narrowing down the focus to avoid double counting of the
emissions reductions.'®” For example, tracing the carbon streams under the monitoring,

reporting and verification framework!®® cannot be completed entirely under the existing

Commission Regulation (EU) No 601/2012'%? on the monitoring and reporting of GHG

184 See also Malins 2017, p. 8.

185 ETS legislation consists of several directives, regulations and guidelines including Directive 2003/87/EC
of the European Parliament and of the Council of 13 October 2003 establishing a scheme for GHG emission
allowance trading within the Community and amending Council Directive 96/61/EC (OJEU L 275/32,
25.10.2003), Directive 2009/29/EC of the European Parliament and of the Council of 23 April 2009 amend-
ing Directive 2003/87/EC so as to improve and extend the GHG emission allowance trading scheme of the
Community (OJEU L 140/63, 5.6.2009) and Directive (EU) 2018/410 of the European Parliament and of
the Council of 14 March 2018 amending Directive 2003/87/EC to enhance cost-effective emission reduc-
tions and low-carbon investments, and Decision (EU) 2015/1814 (OJEU L 76/3, 19.3.2018) (ETS Di-
rective) and the Directive 2012/27/EU of the European Parliament and of the Council of 25 October 2012
on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing Directives
2004/8/EC and 2006/32/EC (OJEU L 315/1, 14.11.2012) have a direct impact to the development of CCU
technologies.

186 Regulation (EU) 2018/842 of the European Parliament and of the Council of 30 May 2018 on binding
annual GHG emission reductions by Member States from 2021 to 2030 contributing to climate action to
meet commitments under the Paris Agreement and amending Regulation (EU) No 525/2013 (OJEU L
156/26, 19.6.2018).

187 Ramboll — Institute for Advanced Sustainability Studies — Universitit Kassel Center for Environmental
Systems Research — IOM Law — DE Delft 2019, p. 171.

188 See European Commission, Monitoring, reporting and verification of EU ETS emissions.

189 Commission Regulation (EU) No 601/2012 of 21 June 2012 on the monitoring and reporting of GHG
emissions pursuant to Directive 2003/87/EC of the European Parliament and of the Council (OJEU L
181730, 12.7.2012).
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7190

emissions and Commission Implementing Regulation (EU) 2018/206 on the verifica-

tion of data and on the accreditation of verifiers.

Currently, the ETS monitors emissions at installation level where installations and their
processes are regulated under the ETS monitoring and reporting system. Companies with
operations subject to the ETS are required to submit a monitoring report, including either
direct measurement or an estimation of the GHG emissions to be emitted from their ac-
tivities. However, this kind of assessment procedure is not optimal from the CCU’s per-
spective. Instead, a lifecycle assessment would allow companies to account and express
GHG emissions savings more clearly, as some or all of the GHG emissions savings may
take place outside the scope of the ETS. Basically, lifecycle assessment considers the
GHG emissions resulting from CCU throughout the process chain. This approach requires
establishing criteria for a reference process or using the conventional route as a reference.
The methodology of the lifecycle assessment reflects more adequately the actual GHG
emissions in a project-based approach as it enables considering different installations and

various processes involved in the CCU process chain.'”!

Although the origin of CO; in P2X fuels is not regulated in RED II, legitimate concern
has risen regarding double counting of the emissions savings achieved from replacing the
conventional fossil fuels with P2X equivalents. This issue has been recognised in the En-
ergy Sector Integration Strategy, as it states that proper monitoring, reporting and ac-
counting the actual emissions and removals of CO; related with the production are nec-
essary to reflect the factual emissions accurately. Following a new circular economy ac-

tion plan for a cleaner and more competitive Europe!*?

, the EC will explore the possibility
to develop a regulatory framework for certification of carbon removals complementing
the current system for monitoring and reporting the GHG emissions. The new framework

would include robust and transparent guidelines for carbon accounting.'*?

190 Commission Implementing Regulation (EU) 2018/2067 of 19 December 2018 on the verification of data
and on the accreditation of verifiers pursuant to Directive 2003/87/EC of the European Parliament and of
the Council (OJEU L 334/94, 31.12.2018).

191 Ramboll — Institute for Advanced Sustainability Studies — Universitit Kassel Center for Environmental
Systems Research — IOM Law — DE Delft 2019, p. 218-219.

192 COM(2020) 98 final. Communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the Regions, A new Circular Economy
Action Plan For a cleaner and more competitive Europe, on 11 March 2020.

193 COM(2020) 299 final, p. 16 and COM(2020) 98 final, p. 13.
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If the GHG reduction benefits delivered by replacing fossil fuel by these CO> based syn-
thetic fuels are allowed to count towards the GHG reduction targets in more than one
sector at the same time, the total sum of the emissions reductions will, in fact, be lower
than the reported emissions savings. However, it should be noted that the risk to mislead-
ing emissions accounting is lower regarding P2X fuels produced from concentrated

sources compared to CO» captured directly from the air.!**

In order to avoid double counting of CO; from fossil sources, there are two accounting
possibilities. First, the GHG emissions reductions from P2X fuels could be accounted for
the benefit of the industrial sector. In this case, the GHG savings are not attributed to the
renewable energy targets in the transport sector. The second option is to consider these
P2X fuels to fall into the category of low-carbon fuels allowing them to be counted to-
wards the renewable targets in the transport sector. This necessitates that the industrial
sector is not credited for the GHG reductions when the captured CO: is further supplied
for P2X fuel production.'®® One critical issue with regard to CCU from renewable sources
relates to the assignment of CO» credit and whether it would be granted to the supplier of

the renewable energy or the user of the product or both of them.!*®

As emissions in the transport sector have been hard to abate, it supports the decision to
count P2X fuels towards its renewable energy targets. Furthermore, this could enhance
the value of decarbonisation in the transport sector and hence, support the development
of P2X technologies. The GHG emissions reductions credited in the transport sector
should not be counted for the second time under the ETS by rewarding the industrial
sector and the installation at which COz is captured. Moreover, crediting carbon capture
for producing P2X fuels under ETS would impair the incentive to cut the emissions hin-
dering the efficiency of the long term decarbonisation plans. Also, allowing the double
counting would also result in over-incentivising P2X fuels production compared to other

decarbonisation measures.'®” On the contrary, if industrial actors were still required to

194 Christensen — Petrenko 2017, p. 2

195 Malins 2017, p. 8 and Christensen — Petrenko 2017, p. 2, allowing double counting violates the basic
principles of GHG accounting. Double counting favours one or more sectors by creating an illusion that the
without providing any actual benefit. Furthermore, if would reduce the incentive of the sector to achieve
actual GHG reductions through other means. If the double counting would be allowed, a situation where
the use of synthetic fuels would consider towards the renewable energy targets in RED II, the emission
reductions would count towards the ETS in the industrial sector as well as towards CO, standards for vehi-
cles.

19 SAPEA 2018, p. 38.

197 Malins 2017, p. 58.
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cover their emissions by obtaining emissions allowances under the ETS, decisions re-
garding CO» utilisation, sequestration and reduction would be equally attractive from this

perspective, delivering the most cost-effective outcome.'*®

In light of the lifecycle assessment, the combustion of P2X fuels is treated as carbon-
neutral provided that CO is either captured from the atmosphere or absorbed from waste
gas streams that would otherwise be released to the atmosphere. This treatment has sim-
ilar aspects as emissions reductions accounting regarding some crediting projects as well
as biofuels accounting, where the emissions are not considered as the emitted carbon at-
oms were recently captured from the atmosphere. This treatment is justified as long as
the assumption is that CO2 would have otherwise emitted to the atmosphere. However, as
the technologies regarding CCU become more widespread, re-evaluating the lifecycle as-

sessment is appropriate.'®’

In RED II, all renewable energy accounted towards the transport sector’s sub-target also
counts towards the target of the EU’s overall share of renewable energy. However, with
regard to P2X fuels, counting both the energy in the fuel as well as the electricity used in
the production process, would result in counting the energy of the same fuel twice towards
the same target. Moreover, it would reduce the amount of renewable energy needed to
achieve the decarbonisation targets by creating a false illusion of fulfilling the commit-
ments in the transport sector.”?’ These concerns are reflected in RED II, which does not

allow double counting.?"!

ETS Directive only exempts CCS from surrendering emissions allowances.**> However,
Recital 14 recognises CCU by defining the support of the ETS for innovative renewable
and low-carbon technologies. According to the Recital 14 of ETS Directive, the main
incentive in the long term arising from the Directive 2003/87/EC establishing a scheme

for GHG emissions allowance trading for new technologies building on renewable energy

198 Malins 2017, p. 58-59.

199 Malins 2017, p. 56.

209 Christensen — Petrenko 2017, p. 3.

201 Article 7 of RED 1L

202ETS Directive allows transferring CO2 for the purposes of emission reduction only under very limited
conditions in order to close the potential loopholes pursuant to the rules set forth in MMR. Under the MMR,
the inherent CO2 should only be transferred to other installations covered by ETS. Furthermore, transfer-
ring pure CO2 should only occur for storing CO2 to geological storage. Having said that, these conditions
should still not eliminate the possibilities for future innovations.
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as well as for breakthrough innovation in the field of low-carbon technologies and pro-
cesses, including CCU, is the carbon price signal. Furthermore, allowances do not need

to be surrendered for avoided or permanently stored CO> emissions.

Moreover, for the purposes of supplementing the resources that are already utilised to
accelerate demonstration of commercial phase CCU installations and innovative renewa-
ble-based technologies, allowances should be deployed to provide guaranteed rewards for
utilisation of CCS or CCU installations, new technologies based on renewable energy as
well as industrial-scale innovation in low-carbon technologies and processes upon a con-
dition that an agreement regarding knowledge sharing has been entered into. Thus, as the
articles in the operative part of ETS Directive must be interpreted in accordance with the
preamble recitals, CCU may have a potential role as a carbon reduction measure provided

that CO» emissions are avoided or permanently stored.?*®

The EGD sees the ETS as an effective tool in reducing GHG emissions and requires it to
be revised to have better compatibility with the updated climate targets. As a part of the
revision process, the ETS will target new sectors of the economy where the decarbonisa-
tion has not been successful. The EC considers proposing to extend the ETS to cover road
transport and maritime sectors.’** The EC sees that a further expansion of the ETS to
include all emissions of fossil fuel combustion and incorporating them in the ETS would
deliver significant benefits through effectiveness and administrative viability. In light of
the benefits expected in the transport sector, the EC identifies the opportunity to capture
emissions while incentivising to a comprehensive and long-lasting effect on transport so-
lutions through a robust price signal.?> The expanded ETS could utilise an upstream trad-
ing system regulating at the level of fuel distributors. The new framework should address
any risk of double counting, evasion or loopholes considering the entities covered by the
existing downstream system for different sectors. Furthermore, an operational framework
in terms of monitoring, reporting and verification is of great importance. These consider-

ations will be taken into account in the EC’s proposal to be handed over by June 2021.2%

203 Ramboll — Institute for Advanced Sustainability Studies — Universitit Kassel Center for Environmental
Systems Research — IOM Law — DE Delft 2019, p. 179, CCU processes may be eligible to receive support
under the Innovation Fund. For more information on the Innovation Fund, visit European Commission,
Innovation Fund.

204 COM(2019) 640 final, p. 11.

205 COM(2020) 562 final, p. 14.

206 COM(2020) 562 final, p. 14-15.
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In conclusion, I argue that the current regulatory framework in place for hydrogen and
COgz is inadequate and should be developed further. RED II stipulates hydrogen to some
extent, but the current rules contain considerable constraints in terms of lacking terminol-
ogy and certification criteria. Furthermore, the existing GO system does not necessarily
enable the full potential of hydrogen, and thus, measures to enhance it should be consid-
ered. Although RED II does not stipulate the use of CO; in the P2X fuel production, the
link and consistency between RED II and the ETS should be strengthened to allow ap-

propriate accounting of CO» emissions reductions.

4. Classification of End Products

4.1. Introductory Remarks

In this chapter, I will test the hypothesis stating that RED II does not enable the potential
of P2X fuels and therefore, limits the possibilities for a level playing field by answering
the second research question and thus, demonstrating how P2X fuels are treated in RED
II. This chapter examines P2X fuels in two separate categories, RFNBOs and RCFs. As
regards to RFNBOs, perhaps the most attractive aspect is its potential scalability, as
RFNBOs can be produced from renewable electricity with fewer sustainability issues than
biofuels. However, the downside of the production is the energy losses resulting from the
conversion processes.?’’ As large amounts of electricity are required for RENBO produc-
tion, RED II aims at guaranteeing that the source of the electricity is renewable and con-
tributes to the renewable energy targets by adding renewable electricity production.*®
Stricter requirements regarding the additional renewable electricity may impose signifi-
cant barriers on the RFNBO operators and market development. Still, conversely, more
flexible approaches may undermine the objectives of RED II if not prudently imple-
mented.’” RCFs are not renewable by origin.?!® However, their regulatory framework in
the context of RED II is elaborated in order to assess the treatment of P2X fuels produced
from excess hydrogen derived from industrial processes. RCFs are not subject to as de-
tailed requirements and rules as RFNBOs but on the other hand, they do not either receive

as much support.

207 Malins 2020, p. 14.

208 Article 27(3) and Recital 90 of RED 1I.
209 See Malins 2020, p. 14.

210 Article 2(35) of RED IL.
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Each subchapter identifies the core aspects of the regulatory treatment of RFNBOs and
RCFs and aims to point out the related advantages and challenges, focusing on the barriers
RED II establishes for the deployment of P2X fuels. Details of the regulatory framework
are still unclear in many places as RED II foresees the EC to adopt delegated acts provid-
ing more details. Thus, the analysis in these cases is based on a preliminary assessment
provided by the EC and literature. Although the third research question has and will be
answered throughout the thesis, the final subchapter contributes explicitly to this objec-
tive, as it presents and evaluates measures that could support the deployment of P2X fuels.
I will use the threads made in this chapter as a bridge to assessing the regulatory treatment

of P2X Joutseno pilot plant discussed in the fifth chapter.

4.2. Renewable Liquid and Gaseous Transport Fuels of Non-Biological Origin

4.2.1. Contribution Towards Renewable Targets

RFNBOs contribute to increasing the share of renewables in the parts of the transport
sector that are expected to be highly dependent on liquid fuels in the long term.?!! Thus,
under Article 25(1) of RED II, the Member States have an obligation to take RFNBOs
into account when calculating the minimum share of renewable energy in the transport
sector, regardless if they are utilised as intermediate products with a purpose to produce
conventional fuels. However, the calculation rules with this regard put RFNBOs at a dis-
advantage compared to biofuels and electricity. According to Article 27(2), the share of
biofuels and biogas produced from the feedstock listed in Annex IX can be calculated
twice towards the transport sector’s renewable energy target. Furthermore, the share of
renewable electricity supplied to road transport can be considered four times its energy
content. RED II does not provide RENBOs with similar multipliers to incentive their pro-
duction, except when delivered to aviation and maritime, where the multiplier is 1,2 and

thereby, significantly lower than of biofuels and electricity.>!?

What is more, RED II also includes other policy measures restricting the level playing
field between RFNBOs and biofuels. Article 25(1) requires that the contribution of ad-

vanced biofuels and biogas produced from the feedstock listed in Part A of Annex IX
must be at least 3,5% by 2030. Although Recital 83 recognises that an obligation requiring

21 Recital 90 of RED I1.
212 Article 27(2), the share of fuels produced from other sources than food and feed crops can be considered
1,2 times their energy content when supplied to aviation and maritime.
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fuels suppliers to deliver a particular share of fuels from renewable sources can offer
investors certainty and facilitate the utilisation of biofuels, RFNBOs and electricity fur-
ther, RED II sets forth such an obligation only for biofuels. However, a positive aspect
from the RFNBOs point of view is that Article 25(1) allows the Member States to decide
to exempt fuel suppliers that are supplying electricity or RFNBOs from the biofuel dis-
tribution obligation. I point out that until RED II has been transposed into national legis-
lation, fuel producers do not know whether they need to comply with this requirement or
not. This may stall the investment decisions and thus delay the roll-out of RENBOs. Fur-
thermore, the requirement to produce biofuels may be burdensome for some operators,

which may limit the size of the investments made in RFNBOs.

From a broader view, Article 7 of RED II regulates the calculation of the gross final con-
sumption of renewable energy. However, the language of this article is rather ambiguous
regarding how the electricity used to produce RFNBOs should be calculated towards this
share and subsequently, towards the overall renewable energy target of 32% under Article
3(1). Article 7(1) includes three categories that are added together in the calculation: first,
gross final consumption of renewable electricity, second, gross consumption of renewa-
ble energy in the heating and cooling sector and third, final consumption of renewable
energy in the transport sector. According to Article 7(4), RFENBOs, biofuels and biomass
fuels are taken into account when calculating share in the transport sector. However,
RFNBOs are considered towards the first category, gross final consumption of renewable
electricity only when calculating the amount of renewable electricity produced in a Mem-

ber State. Biofuels and biomass fuels are not subject to the same restriction.?!3

It should be noted that language of paragraph 4 a) of Article 7 refers to ‘calculating the
quantity of electricity produces from renewable sources.’ In contrast, paragraph 1 a) refers
to ‘gross final consumption of energy from renewable sources’. The context emphasises
the ambiguity here between the production and consumption as if for instance, an RFNBO
process having a 50% energy conversion efficiency, the RFNBO process requires double
the energy that is finally consumed in the transport sector by the consumer of the fuel.
The most consistent option to count the energy delivered to RFNBO production would

be by final energy supplied for consumption. Provided that this is the interpretation aimed

213 Article 7(4) of RED I1.
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at, it is unclear why the energy should be calculated in the category for renewable elec-

tricity instead of renewable transport energy.?'*

The contrary interpretation, counting the renewable electricity input used in RENBO pro-
cesses towards the renewable energy targets based on the energy input instead of output
would mean double counting RFNBOs towards the renewable energy targets.?'> To clar-
ify this ambiguity, the EC should provide further guidance by stating that RENBOs should
be considered towards overall renewable energy targets on the basis of the energy content
of the fuel instead of the input electricity.?!® However, this accounting issue with
RFNBOs has more weight if the overall EU-wide renewable energy target of 32% is
reached but not much exceeded. In case the target would be significantly exceeded, the
possible double counting of RFNBOs towards the overall renewable energy share would

not be as important in terms of the requirement to install new renewable energy capac-
217

ity
4.2.2. Requirement for Additional Renewable Electricity Generation Ca-

pacity

RED II addresses the large electricity consumption required for RFNBO production by
establishing several safeguards to guarantee that the electricity used in this process con-
tributes to its objectives. Thus, Recital 90 states that the electricity used for producing
RFNBOs should be derived from a renewable origin to ensure their contribution towards
the GHG emissions reduction targets. In the context of RED II, the renewable sources are

identified in Article 2(1) of RED IL.2!® Moreover, Recital 90 necessitates an element of

214 See Malins 2019, p. 14, this option would treat RENBOs equally with renewable bio-based fuels, as a
certain amount of, for example, renewable diesel produced from biomass would count the same as the same
amount of renewable RFNBO diesel.

215 Malins 2019, p. 14-15. See also Malins 2017, p. 62-65 and 76, a Member State using having the maxi-
mum supply of RFNBOs meeting its target for the use of renewable energy in the transport sector under
Article 25 would need an increased supply of renewable energy for electricity or heating and cooling
whereas a Member State fulfilling its obligations using only advanced biofuels. See also Saerle — Christen-
sen 2018, p. 14, Article 25 of RED II allows counting twice the energy content of biofuels used in the
transport sector. However, the net effect differs from the double counting of RFNBOs in the context of
Article 7. Article 25 allows double counting of biofuels towards the transport sector’s sub-target, but not
towards the overall renewable energy target under Article 3. Thus, using advanced biofuels could reduce
the total amount of renewable energy in transport fuels but it would not cut the amount of renewable energy
used in the EU.

216 Malins 2019, p. 15.

217 Saerle — Christensen 2018, p. 14.

218 See Malins 2019, p. 8, renewability by a direct physical definition is treated as ‘a property of a physical
flow of electric current applicable only for flows of electrons driven by a potential difference generated
using renewable sources of energy.’ Such a strict definition may be limiting and even counterproductive in
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additionality.?!” This requires the fuel producer to either enhance the deployment of re-
newables or their financing.??° Additionality is achieved when a particular type of fuel
consumption, in this case, the consumption of RFNBOs, results in additional renewable
electricity generation with the expectation that without the increased supply and con-
sumption and the contractual relations between the parties in the markets, it would not

have occurred.??!

Article 27(3) of RED II establishes three options for calculating the renewable shares of
electricity used for RENBO production.??? It should be noted that despite the approach
deployed, the use of RFNBOs should result in at least 70% GHG emissions reductions
under Article 25(2).2% The first option is the average grid electricity approach, according
to which the share of renewable energy is determined based on the average share of re-
newable electricity in the given Member State, measured two years before the year of
RFNBO production. As regards to this option, there is no consensus on whether the av-
erage share of renewable energy refers to non-biomass based energy or overall fraction
of renewable energy in a given country. On the one hand, the definition of RFNBOs under
Article 2(36) requires that the energy content must be derived from other sources than
biomass.??* On the other hand, it can be argued that Article 27 is more specific and would
thus override Article 2 in this context. Hence, the average share would refer to all renew-
able electricity derived from any renewable sources, including biomass.??> I note that it is
of significant importance to provide clarification on how the average share of renewable
electricity in the grid should be construed in this context as it impacts the possibilities of
the Member States with a high fraction of biomass-derived energy production to produce

RFNBOs under this approach.

light of the policy objects. Defining energy sources as renewable or non-renewable stems from political
agreements.

219 Recital 90 of RED I1.

220 Malins 2019, p. 8-9, additionality is compared to a hypothetical counterfactual scenario where the
RFNBO would not exist, and thus, more renewable electricity would not have been generated in the first
place. Furthermore, the contrasting scenario, where the RENBO facility would not exist but the amount of
renewable electricity would still be generated but instead of supplying the electricity to RFNBO facility, it
would be distributed to the grid. From the perspective of absolute additionality, note Seebach — Timpe
2015, p. 22-23. Absolute additionality requires that the share of renewable electricity in voluntary markets
is purchased from a new production facility that is not benefitting from any existing renewable energy
support schemes and where the electricity produced is not considered towards national targets.

22! Timpe — Seebach — Bracker — Karsten 2017, p. 11.

222 Klessmann — Wietschel — Schroder — Wachsmuth 2020, p. 2, RED II does not restrict combining these
options in the RFNBO production.

223 The draft methodology for assessing GHG emissions reductions is discussed in chapter 4.2.1.

224 See e.g. Malins 2019, p. 19.

225 Discussed in Klessmann — Wietschel — Schroder — Wachsmuth 2020.
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The advantage of this approach is its simple administrability as the assessment is based
on available data.’*® Due to the 70% GHG emissions savings threshold, this option is
applicable only in the Member States with a high fraction of renewable electricity in their
grid. This approach is expected to have more weight in the future when national grids are
largely relying on renewable electricity. Furthermore, the major differences in the share
of renewable electricity give substantial regulatory advantage under this accounting op-
tion to the production of RFNBOs in countries with a higher share of renewables in their
grid average.??” As the share of renewable electricity is expected to increase throughout
the application period of RED II, the data on the grid average may understate the actual

share of renewables in the grid at the time of RENBO supply.??3

The disadvantages of the grid average approach relate to climate concerns. This approach
does not guarantee that additional renewable capacity is used in the RFNBO production,
leading possibly to indirect emissions. In other words, an RFNBO installation would not
have any obligation to make any additional investment in renewable power capacity. Fur-
thermore, the RFNBO industry would not necessarily facilitate increasing the share of
renewables in the energy production, and therefore, it can be argued whether this ap-
proach actually contributes in delivering required GHG emissions reductions that are
eventually the main objective behind RED II. The Member States with a large share of
renewable electricity generation are likely to exceed the renewable energy targets signif-
icantly. The electricity consumption of an RFNBO installation may be fully compensated
by increased fossil electricity generation, or by increase fossil-derived electricity imports,
while still complying with EU or national renewable energy targets. However, the market
in the Member States with a very high fraction of renewables might be predicted to re-
spond to the increased electricity demand with additional renewable electricity capacity,
even if the RFNBO installation would not make a direct investment in the renewable

electricity generation.??’

226 Malins 2019, p. 16, the Also Klessmann — Wietschel — Schréder — Wachsmuth 2020, p. 15 and Malins
2019, p. 16, RED II does no set any requirements for imports of RFNBO from third countries. Thus, grid
average approach can be applied in third countries where timely and reliable grid electricity statistics are
available.

227 Malins 2019, p. 16. For detailed information on the renewable shares in each Member State, see Eurostat.
228 Malins 2019, p. 16.

229 Malins 2019, p. 18-19, in this case, adding a fully fossil electricity powered RFENBO facility to the grid
would not have a significant impact on the overall national renewable electricity average.
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In the grid average approach, the lifecycle GHG intensity for RFNBOs depends on
whether a single average value, combining both the renewable and non-renewable frac-
tions of the fuel, is calculated or whether a separate value is determined for the renewable
share. If a single average value is used, RFNBOs would be eligible for support only in
countries with a substantial share of zero or close to zero-carbon electricity production in
order to meet the 70% emissions savings threshold set for RFNBOs in Article 25(2) of
RED I1.%*° On the contrary, if a separate value is determined for the renewable share of
the fuel, the carbon intensity is expected to be low for this part due to low GHG intensity
of renewables in general. The GHG intensity of the non-renewable fraction may be high
depending on the origin of the electricity, but it would not be penalised under RED II.
Consequently, lifecycle assessments treating these two electricity streams separately
would possibly result in an RFNBO installation causing a net increase of emissions in the
transport sector considering all fuel produced, while still being credited for producing the

renewable fraction of the fuel as low-carbon.??!

Details regarding the second and third option are still under development, as Article 27(3)
calls the EC to adopt a delegated act establishing a methodology containing comprehen-
sive rules for the operators to comply. The second option, direct connection approach,
allows electricity to be considered as fully renewable if obtained from a direct connection
to renewable electricity facility. This approach is building on two requirements: first, the
timing of the renewable electricity facility commissioning and second, an exclusively
supply of electricity through a direct connection. Under the first requirement, the instal-
lation must become operative after or at the same time as the facility producing the
RFNBOs.?* According to the preliminary views presented on the delegated act, an ap-
propriate timeframe could be a quarter of a year.?** To fulfil this requirement, a certifica-
tion body, to be determined by the Member States, would verify the commissioning date
of the renewable electricity facility and certify the renewable electricity claim, provided

that the second requirement is also met.?*

239 Malins, 2019, p. 18, this would require approximately 90% of the supply being produced by renewables.
21 Malins 2019, p. 18, lifecycle assessment based on separating the renewable and non-renewable electric-
ity streams is inconsistent with the lifecycle assessment for biofuels, as it is required that in a single physical
process the co-products are calculated together with their emissions determined on an energy basis.

232 Article 27(3) of RED 11.

23 Discussed in Klessmann — Wietschel — Schroder — Wachsmuth 2020.

234 Discussed in Klessmann — Wietschel — Schroder — Wachsmuth 2020.
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The second requirement entails that the facility is either not connected to the grid and if
it is, evidence must be provided to prove that the electricity is supplied directly from the
renewable electricity facility without any additional electricity coming from the grid.>*
Thus, the renewable electricity facility must produce more electricity than is required for
RFNBO production. If the renewable electricity facility is not connected to the grid, the
surplus electricity not used for electricity production is curtailed. The certification body
would verify the lack of a grid connection and the presence of a direct connection and
certify the renewable electricity claim for the entire consumption of the electricity. How-
ever, if the renewable electricity facility is connected to the grid, the certification body
verifies the renewable electricity, based on the provided power generation and consump-
tion data the amount of electricity supplied to the RFNBO installation through a direct
connection. The advantage of the direct connection with a connection to the grid is that
the excess electricity not required for RFNBO production can be supplied to the grid.
However, a strict temporal correlation between electricity production and consumption is
required.?*

The aim behind the direct connection approach is to guarantee the use of renewable elec-
tricity in the RFENBO production. The requirement concerning the timing of the renewable
electricity facility commissioning seeks to assure the element of additionality by prevent-
ing the RFNBO installation from benefiting of any existing renewable electricity capac-
ity.”” However, the requirement on additionality imposes high additional costs on
RFNBO producers. It should be noted that even despite the direct connection, the fulfil-
ment of the strict definition of additionality depends on the case and specific policy con-
siderations. In case if the electricity is considered towards Member States’ renewable
electricity targets, it allows decreasing renewable energy production elsewhere in the sys-
tem. Although double counting is not allowed when reporting their overall renewable
energy shares to the EU, it might still be possible through particular incentives used in
the Member States’ national legislation. Thus, a direct connection as such cannot ensure

the additional renewable electricity production unless such double counting is precluded.

235 Malins 2019, p. 5 provides a simplified example assessing the renewability of the input electricity used
to produce RFNBOs under the second option. A fuel produced from renewable electricity, produced in a
wind farm located in an island with a direct connection to a RFNBO production installation and without a
connection to any grid, used to produce fuel being transported to the EU for the purposes to be blended into
the fuel supply, would be considered renewable. Thus, the fuel would be treated renewable as electricity
consumed in the production process would be generated specifically for the purposes of producing RFNBOs
and the supplied electrons would come directly from the windfarm in question.

236 Klessmann — Wietschel — Schroder — Wachsmuth 2020, p. 22.

27 Malins 2019, p. 19.
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However, the question is more complicated with regard to a direct connection to a facility
with a grid connection. For instance, if a relatively small RFNBO installation were to be
connected to large renewable electricity facility already in the planning phase, it would
not be guaranteed whether the RFNBO installation would have actually contributed in

adding more renewable electricity capacity.?*8

Although the aim behind the direct connection approach is clear and somewhat justified,
I note that this option would create a significant burden for RENBO producers. With the
current level of technological and market development, the requirement of direct connec-
tion creates a considerable barrier for the deployment of these fuels for instance, when
considering the size of the further investments required in addition to the actual RFNBO
installation. Furthermore, the direct connection approach would be demanding from an
administrative point of view, as demonstrating the additionality seems to be rather chal-
lenging. This approach does not consider the increasing need for large-scale energy stor-
ages to balance the fluctuations of intermittent electricity supply of renewables. Also, the
temporal correlation between the commissioning dates should be more flexible. Projects
face delays due to multiple reasons, and it would be nonsensical to have either a com-

pleted RFNBO installation or renewable electricity facility not operational.

The third option, renewable grid electricity approach, provides another opportunity to
count electricity as fully renewable. Electricity should be produced entirely from renew-
able sources, and the ‘renewable properties and other appropriate criteria have been
demonstrated, ensuring that the renewable properties of that electricity are claimed only
once and in one end-use sector.’>* In the renewable grid electricity approach, fulfilling
the additionality requires the fuel producer to add to renewable electricity by financing.?*°
Recital 90 of RED II elaborates the underlying objectives of this option. The methodology
to be developed in a delegated act should ensure a temporal and geographical correlation
between the electricity production unit and the fuel production by means of a bilateral
renewables PPA. For example, if RENBOs are produced while the contracted renewable
generation unit is not producing electricity, the RFNBOs cannot be taken into account as

fully renewable. Furthermore, the requirement of geographical correlation means that, for

238 Malins 2019, p. 19.
29 Article 27(3) of RED IL.
240 Recital 90 of RED 1I.
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instance, in case of electricity grid congestion, RFNBOs can be considered as fully re-
newable provided that the renewable electricity, as well as the fuel production installa-

tions, are located on the same side in terms of the congestion.

Although this provision provides more flexibility in determining the fulfilment of renew-
ability and additionality requirements, the methodology is somewhat ambiguous.?*! Still,
the renewable grid electricity approach is likely to be the most attractive option from the
RFNBO producers’ point of view at least in the short term. This option is also expected
to be utilised to complement especially the other two options when necessary. As regards
the sourcing of electricity, GOs and PPAs could provide appropriate tools for demonstrat-

ing the origin.?*?

In light of the additionality, the draft methodology narrows down the focus to new, un-
subsidised renewable electricity assets and existing, previously subsidised renewable
electricity assets.*** When considering the temporal correlation, options under evaluation
contain contracted assets or any renewable electricity facilities with geographical connec-
tion with full intraday matching requiring that the entire load and production should cor-
relate at intraday granularity. Another option is that any renewable electricity facilities or
renewable electricity generation at a system level with partial temporal correlation, where
only part of the load and production should be matched and the correlation should be
either daily or monthly level. Out of these options, the contracted renewable electricity
assets would settle closest to the working of RED II. However, in this case, the RFNBO
production would be dependent on the electricity production of the specific renewable
electricity facility. As regards the requirement of geographical correlation, the draft meth-
odology suggests that the RFNBO production installation and the renewable electricity
facility should be located in the same country or the same bidding zone. The disadvantage

of this approach is identified to be the possible grid bottlenecks.?**

241 Article 25(3)7 of RED 11

242 Klessmann — Wietschel — Schroder — Wachsmuth 2020, p. 33.

243 Klessmann — Wietschel — Schroder — Wachsmuth 2020, p. 35, newness is tied to the commission date
of the RFNBO installation. Contrary, existing refers to a renewable electricity facility deployed before the
cut-off date. Subsidised renewable electricity assets either were, are or will be directly subject to public
subsidies. Reverse, any direct capital or operational support has never been granted to unsubsidized renew-
able electricity assets. Furthermore, RED II does not explicitly make any references to surplus electricity.
However, the draft methodology suggests that from the perspective of the deployment, the surplus electric-
ity cannot be additional from the renewable electricity facility but saved electricity could be considered as
additional. Surplus electricity could mean electricity when the prices in the spot markets are negative or an
actual physical curtailment.

24 Klessmann — Wietschel — Schroder — Wachsmuth 2020, p. 37-38.
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The draft methodology recognises the strict requirements set forth to the RFNBOs and
the possible barriers they create for scaling up the production. Thus, the draft methodol-
ogy foresees some flexibility to ease the short term scale-up of RFNBO production. As
the RENBO markets are still expected to be relatively small, negative effects from low-

ering the safeguards provided by RED II would be limited.?*’

To my mind, the draft methodology at this stage seems to confirm the expectation that
the considerations made as regards the renewable grid electricity approach are going to
establish requirements that may stall the uptake of RFNBOs and reduce the attractiveness
of these fuels. Hence, it is paramount that clear and robust rules are outlined in the dele-
gated act to allow investors to make informed decisions. Furthermore, I support adopting
at least a certain level of flexibility to the rules for the short term as the technology is
quite new, and the market relatively small. Flexibility in the early stages of the market

development could encourage investors to finance RFNBO production.
4.2.3. Verifying the Origin of Electricity: GOs and PPAs

GOs and PPAs could provide appropriate tools to demonstrate the origin of the electricity
for the renewable grid electricity approach under Article 27(3). This chapter elaborates
the issues of the existing GO system and assesses different alternatives presented in the
literature to enable the system to meet the requirements of RED II. Moreover, as RED II
recognizes PPAs as potential instruments to treat the electricity used in RENBO produc-

tion as fully renewable, the suitability of various PPAs are analysed in this context.

A functioning market already exists for the GOs of renewable electricity in the EU.%4
The GO system operates completely electronically and separates the renewable origin
from the physical electricity and contractual relations in the markets. When an electricity
supplier cancels a GO for a given share of renewable electricity supply, the supplier and
consumer can claim that the electricity was derived from renewable origin. Furthermore,
the system is overall flexible and can be employed at low transaction costs. Thus, the
stakeholders in the RFNBO industry might see this as an appealing option to make claims

on renewability of the electricity used for RFNBO production.?*’

245 Klessmann — Wietschel — Schroder — Wachsmuth 2020, p. 46.
246 The GO system is regulated under Article 19 of RED II.
247 Malins 2019, p. 24. Timpe — Seebach — Bracker — Karsten 2017, p. 9.
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Although GOs can be used to ensure the renewability of the given share of electricity, the
system does not offer appropriate tools to ensure additionality. Although trading GOs
contribute to supporting the production of renewable electricity through or across the sup-
ply chain, purchasing GOs would not itself increase the additional renewable electricity
capacity. Instead, in the absence of regulation, the market forces would determine the
level of additional renewable electricity produced for RFNBO production. The incompe-
tence of the GO system may impose a risk of indirect emissions, as there would be no
regulation in place to prevent the new demand from being met by fossil-derived electricity
generation. Thus, using the existing GO system as such would create a theoretical risk of
increasing the net emissions in the 2030 timeframe. 243

Several adjustments to the GO system have been presented to improve its ability to tackle
the requirements of renewability and additionality in RFNBO production. The first op-
tion, called GO New, would limit the eligible GOs to renewable electricity facilities that
come into operation after, or at the same time as the RFNBO installation. This option
would require creating a bifurcated market where the GOs from pre-existing renewable
electricity facilities could be utilised as before, and the GO News from renewable elec-
tricity facilities coming into operation in the future could be used in the RFNBO produc-
tion. Nonetheless, similarly to the existing GO system, this approach does not offer the
necessary tools for ensuring that additional renewable electricity generation would be

driven. Thus, this option would not likely have an advantage over the existing system.?*

The second option to improve the GO system to meet the requirements set forth by RED
IT is to issue GOs only for additional renewable electricity generation. Under this ap-
proach, the GO system would again be separated into two instruments, the GOs that are
already in use and new certificates, called GO+. This option recognises two situations
where such additional renewable electricity production can occur. First, when renewable
electricity is derived from new and unsupported production facilities and second, when
surplus electricity generation would otherwise have been curtailed. Overall, the GO+ sys-
tem would comply with the existing provisions of Article 19 of RED II complemented by
corresponding additions and be built on existing reporting and tracking mechanisms.
However, a harmonised definition for additionality should be introduced in order to en-

sure functioning EU-wide markets. This approach offers certain advantages for electricity

248 Timpe — Seebach — Bracker — Karsten 2017, p. 29 and Malins 2019, p. 24.
24 Malins 2019, p. 25-26.
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suppliers and consumers, the most important being the possibility to verify both the origin

of the electricity as well as its additionality by a single GO+ certificate.?>°

The third option, GO? run by ECOHZ*!, provides an alternative solution to fulfil the
requirement of additionality by adding to the financing of renewable energy. The GO?
system is based on the existing GO system. In the GO? system, customers can voluntarily
make payments into a fund used for financing additional renewable energy production.’>
Despite this, GO? system would not create a direct connection between the additional
electricity produced and the amount of electricity consumed by the RFNBO installa-
tion.>>* Furthermore, the fund could be formed after the RENBO installation becomes
operative, which would result in a delay between the consumption of the electricity and
the introduction of additional renewable capacity. Another concern arises of the suffi-
ciency of the scale of the fund, as the new instrument would also lead to increased ad-
ministrative expenses. Still, the main barrier from a practical point of view is that estab-
lishing the GO? system would create a significant administrative burden both for the

RFNBO producers but also the system operators.?>*

Thus, based on this analysis, I recognise that the current GO system does not include the
necessary tools to ensure that the objectives established by RED II on the additionality
would be met. Simply cancelling GOs for consumed electricity would not necessarily
create a push for additional renewable electricity generation. Although the Member States
with a higher share of the renewable electricity capacity could, in theory, be expected to
respond to the increased demand by renewables, the risk of increasing indirect emissions
is still present as the ETS prices are not high enough to provide the additional safeguard.
Based on the analysis of the three options presented above, the GO+ system would seem

the most appropriate approach to meet the requirements of RED 11.2%

250 Timpe — Seebach — Bracker — Karsten 2017, p. 12-13. See also Malins 2019, p. 26.

251 See ECOHZ, ECOHZ offers renewable energy solutions globally to customers from various businesses,
organisations and electricity providers.

2 ECOHZ, GO

253 Malins 2019, p. 28, in case if such a system would become mandatory for RFNBO producers in the EU,
the revenue from the system could be allocated to facilitate a corresponding amount of electricity required
for the fuel production.

234 Malins 2019, p. 28.

255 See Malins 2019, p. 39.
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However, on the other hand, I emphasise the role of the ETS to make fossil-based energy
production unprofitable for the operators. Utilising GOs to provide evidence of the re-
newable origin of electricity would be the most comfortable option for the RFNBO pro-
ducers as it would not unnecessarily add their administrative burden and thus, impose
additional costs. Furthermore, introducing new systems would again result in delays as
regards to the market uptake of the RFNBOs. If the GO system would be updated for the
purposes of serving the requirements of RED II better, the update should be done in co-

operation with the stakeholders ensuring that no additional regulatory barriers would be

established.

Recital 90 of RED II recognizes power purchase agreements PPAs as a potential instru-
ment to treat the electricity as fully renewable.?*® Article 2(17) defines renewables power
purchase agreement as ‘a contract under which a natural or legal person agrees to pur-
chase renewable electricity directly from an electricity producer.’*” Corporate PPAs**
are further divided into two leading contract models, physical corporate PPAs, including
private wire PPAs and sleeved corporate PPAs, and synthetic corporate PPAs. In physical
corporate PPA, the electricity producer sells the power directly to the corporate consumer.
On this account, electricity is transferred from the producer’s electricity balance to the
buyer’s electricity balance as a physical supply of electricity. A private wire PPA requires
the electricity producer and consumer to share a direct connection to allow the electricity
transfer directly from the production facility without utilising a grid from a third party. In
such cases, the buyer typically buys all electricity produced in the facility for its entire
operational life. Under a sleeved PPA, the buyer purchases the electricity, or an agreed
fraction of the production, and pays the grid operator a grid access fee. The operator then

sleeves the electricity through the grid and supplies it to the physical location of the con-

256 Article 15(8) of RED 1I requires Member States to evaluate any regulatory and administrative barriers
in place for PPAs. Furthermore, Member States should remove the identified barriers and facilitate their
uptake. PPAs should not be subject to any disparate or discriminatory produces or charges.

257 Reid — Dingenen 2019, p. 6 and FWPA 2019, p. 5, Generally, PPA refers to an agreement under which
an electricity producer agrees to buy a certain amount of electricity at an agreed price and for a certain
period of time. For the electricity producer, a PPA provides a stable price of the produced electricity over
the long term and thus, creates better prospects to decide on the investment. Furthermore, entering into a
PPA with an electricity producer with renewable electricity in a development phase may support financing
the additional capacity. From purchaser’s point of view, PPAs assure an agreed price for the electricity in
addition to achieving sustainability targets by ensuring the supply of renewable electricity for the purchaser.
238 FWPA 2019, p. 15, in corporate PPAs, the contract is signed between the electricity producer and a
corporate electricity consumer. Agreements with electricity suppliers selling the electricity again to a third
party, are referred as utility PPAs.
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sumer’s facility. Synthetic corporate PPAs are derivative agreements, where the electric-
ity producer virtually sells the produced renewable electricity to a corporate consumer. In

this case, electricity can be sold across separate energy markets.>>

In light of the requirements provided by RED II for RENBOs, physical PPAs have certain
advantages. First, the direct relationship between the electricity producer and consumer
allows providing certification of the renewable origin of the electricity. Furthermore, such
physical PPAs enable contracting with the electricity producer in the early phases of the
planning process. Thus, this may be an appropriate tool for demonstrating the requirement
of additionality.?®® However, in certain cases, a PPA includes provisions regarding bal-
ancing services offered by the grid operator. Such services allow the RFNBO installation
to optimise its operational hours, which may not be aligned temporally with the electricity
production due to the intermittency of renewables. Hence, this arrangement may not be
in line with the objects of RED II, as it calls for temporal and geographical correlation
between the production and consumption of the electricity. On the contrary, utilising syn-
thetic PPAs without temporal correspondence would provide an FRNBO producer more

flexibility compared to physical PPAs.?¢!

Assessing the renewability aspect of electricity used for RENBO production would re-
quire sufficient oversight, as the correspondence between the quantity of the electricity
purchased under the PPA and the electricity consumed for RFNBO production need to be
monitored. A PPA-based approach would thus lead to a more significant administrative
burden compared to a system based on GOs, where a basic reporting procedure is already
in place. Moreover, when evaluating the element of additionality under PPAs, it is im-
portant to acknowledge that a PPA is a bilateral agreement between two legal entities,
whereas GOs are tradeable in the markets. Entering into a PPA expresses the intent of the
purchaser to support the given renewable electricity project over a long term. Hence, en-
suring the revenue streams can contribute to delivering additional renewable energy ca-

pacity.?6?

259 Reid — Dingenen 2020 2019, p. 6-9 and FWPA 2019 p. 15-17.
260 Reid — Dingenen 2019, p. 9.

261 Malins 2019, p. 31.

262 Malins 2019, p. 32.
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Similarly to the GO+ system, PPAs could be subject to certain requirements to provide
evidence that additional renewable electricity is financed. Such PPA+ system could im-
pose certain requirements on the agreements. For instance, it could be necessary that the
PPA agreement would be directly made between the renewable electricity and RENBO
producer and that all GOs or GO+ certificates, depending on the policy decisions, asso-
ciated to the share of supplied electricity would be transferred to the RENBO producer.
The combination of GO+ certificates and PPA+ system would considerably increase the
possibility that the electricity used for RFNBO production would add the renewable elec-
tricity generation capacity.?%> However, it should be noted that limiting GO+ and PPAs
to new renewable electricity facilities and curtailment could exclude some cases, where

the additionality is met.?64

Based on this elaboration of various GO and PPA approaches, I conclude that providing
evidence to demonstrate the renewability and additionality of the electricity used for
RFNBO production under the renewable grid electricity approach seems to be rather chal-
lenging. Although these requirements are essential safeguards for achieving the underly-
ing objectives of RED II, the lack of clear methodology creates uncertainty around the
RFNBO industry hindering the deployment and restricting their full potential. As the de-
tailed rules are to be adopted by the EC by 31 December 2021, further delays are to be
expected as necessary monitoring and verification processes should be established to
comply with the adopted methodology. Therefore, a certain level of flexibility with the

requirements should be allowed at least in the short term.

4.2.4. Methodology for Assessing Greenhouse Gas Emissions Savings

As a baseline prerequisite, Article 25(2) of RED II requires that using RFNBOs should
result in GHG emissions savings of at least 70% as of January 2021. Although RED II
does not yet provide rules for calculation, Article 28(5) foresees the EC to adopt a dele-
gated act by 31 December 2021 specifying the methodology for assessing GHG emissions
savings from RFNBOS and RCFs. To avoid unnecessary repetition, the assessment pre-
sented in this chapter applies to both RFNBOs and RCFs unless stated otherwise. Ac-

cording to preliminary considerations and draft calculation methodology presented by the

263 Malins 2019, p. 33.

264 Discussed in Klessmann — Wietschel — Schroder — Wachsmuth 2020, an example of such situation is
when facility previously supported by government support schemes were financed in order to keep the
facility operational. See also Malins 2019, p. 33.
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EC, the fossil fuel comparator used in the assessment would be defined under Annex V

of RED II, being 94 gCO,eq/MJ 2%

One possible starting point for the lifecycle assessment of RCFs and FRNBOs could be
to evaluate whether the supply of a feedstock used for fuel production responds to the
demand.?® The draft calculation methodology regarding the energy inputs focuses on the
rigidity or elasticity of the source. The source is defined to be rigid when the supply of
the source of input is steady and thus cannot be expanded to respond to increased demand.
In case of a rigid input, the difference in terms of emissions is assessed between before
and after using the input for fuel production. Likewise, the source is defined as elastic

provided that the supply can be expanded to meet increased demand.?¢’

In terms of a rigid input as regards to RCFs, including for instance municipal waste and
blast furnace gas, where the input is rerouted from an existing process, the GHG emis-
sions are assessed by accounting the GHG impact of diverting the input from its current
use. In this situation, the emissions can either be negative, for example in cases when the
waste is otherwise burnt without any recovery of energy, or very high provided that the
existing use prevents large amounts of GHGs. In elastic input, including for instance nat-
ural gas and crude oil, where additional input is produced, the GHG emissions of the input
are the additional emissions resulting from supplying more of the input for fuel produc-
tion.?®® Most of the inputs are either elastic or rigid, but co-products may lead to cases
where a clear distinction is not feasible. The parameter depicting the elasticity of the sup-
ply can be described as the fraction of the co-product in the total value of the products in
the process. Furthermore, in order to prevent a sudden transition from rigid inputs to elas-
tic and to keep most of them in either category, a transition region is considered as an
attractive option. The inputs that are qualifying for this transition region are subject to

proportional combination of both options.?®

Another essential element to consider as regards the lifecycle assessment is the appropri-
ate timeframe for data collection. One approach would be to assess the displacement of

electricity generation based on the average GHG intensity of the electricity in the given

265 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 13.

266 Malins 2019, p. 10.

267 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 15 and 18. See also EU Innovation Fund,
Calls for proposals 2020, the rigid versus elastic methodology is also exloited in the EU’s Methodology for
calculation of GHG emission avoidance for Innovation Fund.

268 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 19-21 and Malins 2020, p. 10.

269 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 19-21.
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country two years before the calculation.?’’ However, since the average GHG intensity
of electricity is progressively decreased, this backwards-looking approach may overem-
phasize the emissions penalty resulting from increased electricity demand. On the other
hand, this approach may also overstate any emission credits resulting from increasing
electricity supply to the grid.?’! Another approach would be based on a forward-looking
assessment, as it would consider the expected GHG intensity of the electricity production

over the full operational life of the project.?’?

Furthermore, one possible approach to simplify the emissions accounting would be to
separate emissions into three categories. Major inputs, meaning more than 80% of emis-
sions from all inputs would be calculated based on actual emissions provided that the
source is known. Minor inputs, i.e. less than 15% of emissions from all inputs, would be
calculated based on emissions intensity from literature-hierarchy. Lastly, de minimis in-

puts, referring to less than 5% of emissions, would be ignored.?”

When robust rules for assessing the renewability of the electricity have been established,
the methodology for RFNBOs’ lifecycle assessment needs to address a situation where
all input electricity used for producing RFNBOs fulfils the requirements to count as fully
renewable. Further, a situation where only some fraction of the input electricity can be
treated as renewable should be taken into account. When only a part of the electricity
input meets the criteria to be counted as renewable, the methodology needs to specify
whether to use a single average GHG intensity for both fractions of the fuel or assign
different GHG intensities for both streams. This approach could allow a process to output
a nominally renewable electricity fraction with low GHG intensity and therefore, to qual-
ify for support. From another point of view, a nominally assigned fossil fraction with very
high GHG intensity would not necessarily be a subject to any GHG-related penalties.
Thus, a single average GHG intensity should be calculated.?”* Moreover, in case if an

RFNBO is further processed for its final use as a transport fuel, the supplier of this final

270 See Joint Research Centre 2016, the lifecycle assessment guidance for the Directive 98/70/EC of the
European Parliament and of the Council of 13 October 1998 relating to the quality of petrol and diesel fuels
and amending Council Directive 93/12/EEC (OJEU L 350/58, 28.12.2998) is based on this backwards-
looking approach.

271 Malins 2020, p. 10.

272 See EU Innovation Fund, Calls for proposals 2020, such forward-looking lifecycle assessment is used
in the Innovation Fund.

2713 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 22 and 13, furthermore, emissions from
manufacture of machinery and other equipment are not considered in assessing the GHG emissions savings.
274 Malins 2020, p. 22.
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fuel calculates the emissions associated to the intermediate product using the methodol-
ogy set forth for RFNBOs, and then adds the emissions resulting from the subsequent

steps.2”>

The methodology adopted under the delegated act needs to ensure that credits for avoided
emissions are not given for CO> that has already received an emissions credit under any
other provisions. Therefore, captured CO» that has already been credited under the ETS
could not be used for producing carbon-neutral fuels. When COx is captured for the pur-
poses of using it as a raw material in fuel production processes, no credit for the capture
should be issued to the emitting installation.?’® The proposed methodology endorses this
approach.?’” Furthermore, the preliminary methodology does not make distinctions be-
tween the carbon sources. The reasoning behind this decision is that the direct air capture
requires higher energy consumption than obtaining CO: from concentrated point

SOLII'CCS.278

4.3. Recycled Carbon Fuels

4.3.1. Contribution Towards Renewable Targets

RCFs are not renewable by the origin, and thus, the potential climate benefits should be
distinguished from other environmental impacts arising from their contribution to the cir-
cular economy in terms of waste management.?”” Therefore, RED II appears critical of
these fuels.”®® The most noteworthy point is that RCFs are only an opt-in case in RED
I1.28! According to Article 25(1) of RED II, the Member States have the discretion to
decide whether they will take RCFs into account for the calculation of the minimum share
of renewable energy in the transport sector. As a consequence, the potential market for
RCFs depends on the number of the Member States choosing to include RCFs when trans-

posing RED 1I into national legislation.?®> The EU and the Member States should

275 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 6.

276 Malins 2020, p. 22.

277 Discussed in Edwards — Padella — O’Connell — Prussi — Scarlat 2020.
278 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 23-25.

279 See Malins 2020, p. 8 and Sipild — Kiuru — Nylund — Sipild 2020, p. 53.
280 Chiaramonti — Goumas 2019, p. 10.

281 See Chiaramonti — Goumas 2019, p. 10.

282 Malins 2020, p. 6.

58



promptly provide operators a clear and robust policy framework as timing is crucial es-

pecially in terms of successful industrial development.*®3

Recital 89 of RED II further elaborates this by acknowledging that supporting RCFs can
contribute to the decarbonisation target of the transport sector provided that the minimum
emissions saving threshold, to be introduced by a delegated act, are met. Furthermore,
RCFs can contribute by increasing energy diversification in the transport sector. Thus, it
is appropriate that these fuels are included in the obligation of fuel suppliers to meet the
14% renewable target. However, the Member States are still given the option not to take
these fuels into account. Recital 89 concludes by stating that even though RCFs may be
considered towards the policy objectives in the transport sector, they are still not counted

towards the overall target on the share of renewable energy in the EU.

Moreover, the fuel suppliers producing RCFs are subject to an obligation to produce fuels
from the feedstock listed in Part A of Annex IX to ensure the contribution of advanced
biofuels and biogas of at least 3,5% by 2030. Unlike the case with RFNBOs, the Member
States may not exclude RCF producers from complying with this requirement.?** Accord-
ing to my understanding, the purpose behind this requirement is to ensure that the RCF
producers still contribute to the renewable energy targets by increasing the share of bio-

fuels and biogas.

4.3.2. Minimum Thresholds and Methodology for Greenhouse Gas Emis-

sions Savings

RED II sets forth minimum thresholds for GHG emissions savings for biofuels, ranging
from 50% to 65%, depending on the year the installation has become or becomes opera-
tive, to RFNBOs with a requirement of 70%.2%° Article 25(2) foresees the EC to adopt a
delegated act establishing a minimum threshold for GHG emissions savings from the use
of RCFs by 1 January 2021. The limit should be based on a lifecycle assessment that

considers the specificities of each fuel.

Such GHG saving requirement serve at least three roles. First, establishing a threshold

can be deployed to control the uncertainty arising the actual net climate impacts resulting

283 Chiaramonti — Goumas 2019, p. 10.
284 Article 25(1) of RED I1.
285 Articles 29(10) and 25(2) of RED I1.
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from the use of alternative fuels as a lifecycle assessment contains several reservations.
Second, setting a higher threshold for the required GHG savings allows the indirect con-
sideration of some terms causing emissions that are not included in the lifecycle assess-
ment. Third, the requirement aims at avoiding a situation, where significant investments
are made in fuels delivering only modest benefits in terms of emissions reductions. The
third role of the emissions savings threshold applies to RCFs similarly as to other alter-
native fuels. Depending on the structure of the required lifecycle assessment, there should
be fewer uncertainties regarding the actual GHG emissions savings compared to biofuels
if all significant emissions terms are included in the lifecycle assessment. This could im-
ply that the EC could set the threshold lower for RCFs compared to the requirement for
biofuels.?® Regardless of this, I consider this to be very unlikely as RED II has adopted

a much more cautious and critical approach on RCFs compared to biofuels.

As mentioned in chapter 4.2.1., Article 28(5) calls the EC to adopt a delegated act by 31
December 2021 establishing the methodology for assessing GHG emissions savings from
RFNBOS and RCFs. Thus, the threshold will be set before the methodology providing
the details to be considered in calculating the emissions, potentially causing more uncer-
tainty to the operators.?®” Furthermore, I note that when deciding whether the Member
States were to include RCFs into their national legislations, the detailed criteria and re-
quirements considering the GHG emissions reductions are not yet adopted. Therefore,
some Member States may postpone this decision causing additional uncertainty to RCF

producers and impeding the market development.

4.4. Measures to Support Deployment

Providing equal opportunities allowing competition and providing a sound investment
environment based on a predictable regulatory framework is at the heart of the EU’s en-
ergy regulation policy.?®® The analysis regarding the regulatory framework of hydrogen
and CO; as well as the treatment of the end products has demonstrated that RED II does
not enable the full potential of P2X fuels due to the inflexibility and ambiguity of the

regulatory architecture. Although I have identified certain barriers and potential measures

286 Malins 2020, p. 21.
287 Chiaramonti — Goumas 2019, p. 10.
288 ACER — CEER 2019, p. 5.
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to address these constraints throughout this thesis, I will pinpoint some additional consid-

erations in this chapter.

I support the revision of RED II as increasing the existing renewable energy targets up-
wards is necessary to reach the level of ambition set forth by the EGD.?%° Furthermore,
the role of RED II should be reassessed to ensure its contribution towards these objectives
by appropriately supporting the increase in the share of renewable energy and accelerating
the transition towards a more integrated energy system.?** The necessary level of support
for renewable P2X fuels as well as green hydrogen should be assured, taking low-carbon
solutions into account particularly in short to medium term.>’! The renewable energy tar-
get of 14% in the transport sector should be significantly increased. Moreover, the calcu-
lation rules and multipliers should be revised. A level playing field should be established
between RFNBOs and biofuels, that are already supported through multipliers. One fea-
sible measure to support a wider uptake of P2X fuels would be to establish a dedicated
sub-target for RENBOs, similar to the one currently in place for advanced biofuels under
Article 25(1) of RED II to level the playing field and boost their contribution towards the

renewable energy targets.

The possibility to include P2X fuels into the Finnish distribution obligation system has
been recently assessed in a report published by the Ministry of Economic Affairs and
Employment in September 2020.%? In Finland, the share of biofuels in road transportation
will be gradually increased to 30% by 2030. Furthermore, the target for advanced biofuels
will be 10% by 2030. Although RED II allows considering the energy content of biofuels
and biogas produced from the feedstock listed in Annex IX twice, the double counting

will be phased out in Finland as of 2021.2%

29 See Plan/2020/7536.

290 See COM(2020) 299 final.

1 See COM(2020) 301 final.

292 Sipild — Kiuru — Nylund — Sipild 2020.

293 Section 5 of the Act on Promoting the Use of Biofuels for Transport 446/2007 (Laki biopolttoaineiden
kdyton edistimisestd liikenteessd, as amended) and Article 27 of RED II. In 2019, the current distribution
obligation for biofuels under the Act on Promoting the Use of Biofuels for Transport 446/2007 was
amended partially to meet the new requirements of RED 1I, by, e.g. imposing a distribution obligation for
years 2021-2030 and setting an additional obligation for advanced biofuels for the same period. Finland’s
targets in the transport sector are significantly more ambitious than what is required under RED II. See also
Sipild — Kiuru — Nylund — Sipild 2020, p. 20, the current biofuel distribution obligation neutral for all
gasoline and diesel distributors, where the distributors can achieve the targets by actually bringing more
biofuels into road transport. A system building on energy shares is straightforward as all biofuels are con-
sidered to account as zero in the transport CO, emissions balance. The actual emissions GHG emissions
reductions are verified by applying the sustainability criteria, implemented nationally under the Act on
Biofuels and Bioliquids 393/2013 (Laki biopolttoaineista ja bionesteistd, as amended).
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The impacts of the sustainability criteria and certification requirements on the market
entry and competitiveness of RFNBOs can only be thoroughly assessed after the EC has
adopted the delegated acts in accordance with Articles 27(3) and 28(5) of RED II. Prior
to that, RFNBOs can only be included in the distribution obligation with a trial or an
exemption permit, as there are no GHG emissions reduction values determined and no
default values are set out in the annexed of RED II. Once sustainability criteria and cal-
culation rules have been established, RFNBOs can be included in the distribution obliga-
tion. The certification of the renewability and the possibility to include the fuel under the
obligation are the essential elements with this regard. The report concludes that the
RFNBOs that are compatible with the existing distribution infrastructure can be included
in the current distribution obligation provided that they meet the sustainability criteria.
The inclusion of hydrogen in the distribution obligation cannot be further specified at this
stage, as hydrogen vehicles, infrastructure and renewable production are still in the early
stages of development. On the contrary, all hydrogen in transport is emissions-free, also
when used as an intermediate product. Hence, the direct use of hydrogen in transport does

not reduce emissions.?**

RCFs are not classified as renewable fuels, and thus, they are not considered as zero-
emissions in transport. Therefore, the inclusion of these fuels in the distribution obligation
is not justified, as they do not reduce emissions from road transport. However, depending
on the methodology to be specified in a delegated act under Articles 25(2) and 28(5) of
RED II, they can achieve relative GHG emissions savings. The need for policy measures
arises from the promotion of circular economy instead of the emissions savings to be
achieved by utilising renewable energy. If a reduced CO; intensity that can be taken into
account in national emissions levels is to be created for RCFs through the delegated acts,
the eligibility for the distribution obligation will have to be re-examined. In this case, it
should be assessed whether the distribution obligation should be changed to a CO; based
system. The report suggests that inclusion of these fuels in the distribution obligation
could be reconsidered in 2025, as the commercialisation of RCFs has taken steps forward,

and the regulation at the EU level has become more precise.?

294 Sipild — Kiuru — Nylund — Sipild 2020, p. 45-51.

2% Sipild — Kiuru — Nylund — Sipild 2020, p. 52-53, in Finland, RCFs can be proposed to be considered for
the 14% minimum requirement for transport sector of RED II, but they are not likely to have a significant
impact on Finland’s emission reduction targets.
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I support the recommendation to include RFNBOs to distribution obligation. My propo-
sition consists of two options. First, the obligation would be made neutral as regards the
fuel type. In this case, the suppliers could have the option to fulfil the target share either
by supplying biofuels or RFNBOs to transport. This would allow the fuel suppliers to
decide on the most appropriate way to operate while still contributing to the renewable
targets. In the second option the biofuel distribution obligation would be maintained but
a similar requirement would be implemented to RFNBOs. In this case, the fuel suppliers
would be required to deliver both biofuels and RFNBOs to the transport. This option
would also guarantee a level playing field for both fuel types. Both options would support
the deployment of RFNBOs by creating an incentive for wider market uptake and thus
supporting investors to make informed investment decisions as these fuels would have
demand. Considering RCFs, I recognise the challenges highlighted in the report and sup-
port the suggestion to reconsider their inclusion in the distribution obligation once the
delegated acts have been adopted. However, I note that if they are not included in the
distribution obligation, other measures to facilitate their deployment should be consid-

ered.

This thesis has demonstrated that regulating developing technologies can appear as a two-
edged sword, especially in the energy sector. On the one hand, regulation is required to
guarantee the achievement of renewable energy and emissions reduction targets, but at
the same time, strict and restrictive rules can stifle innovation.?*® The EGD emphasises
the role of innovation, new technologies and climate neutral solutions in the trajectory
towards the decarbonisation objectives.?”” Regulators and stakeholders recognise the need
to remove unnecessary barriers to allow pilot projects, especially first of a kind and small-

scale pilots, to develop before the legislative changes take place.?*8

Innovation-friendly regulatory approaches and procedures are gaining increasing atten-
tion. Innovation-friendly regulation facilitates the development and adoption of new in-
novations. The aim is to integrate such an approach to all features of regulation from
innovation-friendly agenda setting to regulatory processes and implementation practices.
In terms of regulatory processes, engaging a wide range of stakeholders would support
integrating the innovation perspective and preparing flexible and technology neutral leg-

islation. Innovation-friendly implementation practices can be achieved, for instance,

296 Mete — Reins 2020.
297 COM(2019) 640 final.
298 ACER — CEER 2019, p- 17.
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through regulatory sandboxes.?” A regulatory sandbox refers to a safe testing environ-
ment, allowing innovators to experiment with new technologies and business models that
may not be fully compatible with the existing regulatory framework. Furthermore, they
enable regulators to harness new perspectives and instruments that could be utilised when

developing a regulatory environment to accommodate them.>*

A number of Member States are currently testing different types of sandbox models in
the energy sector that enable minor derogations from existing legislation.>’! Thus, a need
for an EU-wide umbrella for regulatory sandboxes should be assessed.**? A more cohe-
sive approach could accelerate the decisions on required legislative changes and avoid
replicating similar pilots in each Member State.** EGD predicts major changes in the
energy sector, focusing on innovative clean tools especially as regards hydrogen and pro-
cesses facilitating sector integration.>** There is an urgent need for a regulatory environ-
ment that allows for experimenting with new and emerging technological solutions and
business models. I note that this would be an optimal time to assess the suitability of such
regulatory processes further at the EU level, as it could also facilitate P2X related tech-
nologies to develop. Furthermore, such an innovation-friendly approach should be

adopted when transposing RED II into national legislation.

Lastly, the ETS should undergo a revision to ensure its efficient contribution to the cli-
mate objectives.’® An effective and extended ETS would eventually make fossil-based
energy production unprofitable by increasing the prices of emissions allowances. Instead
of posing significant barriers to new renewable and low-carbon technological solutions
through strict regulation, the carbon price should robustly steer market behaviour towards

a low-carbon economy.?%

To conclude, this evaluation shows that the regulatory choices of RED II impose signifi-

cant shortcomings on RFNBOs and RCFs that will have a negative impact on the feasi-

29 Salminen — Halme 2019, p. 1 and 5.

390 Schittekatte 2020.

300 ACER — CEER 2019, p. 17.

302 At the EU level, there are already programs in place to facilitate regulatory fitness and performance. See
e.g. European Commission, REFIT.

303 ACER — CEER 2019, p. 17.

304 COM(2020) 301 final and COM(2020) 299 final.

395 COM(2019) 640 final, p. 11.

306 See e.g. COM(2020) 562, p. 12-16.
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bility of such projects. These shortcomings, including incomplete and ambiguous regula-
tory framework, challenging requirements concerning demonstrating the origin of the
electricity as well as unfavourable calculating rules confine the equal opportunities of
P2X fuels compared to other competing alternatives. Therefore, the regulatory framework
of P2X fuels should be enhanced to offer a robust and supporting environment triggering

the required investments and enabling their market uptake in large-scale.

5. Power-to-X Joutseno Pilot Plant

In this chapter, I apply the findings made throughout this thesis in practice by assessing
the regulatory treatment of the P2X Joutseno pilot plant. I emphasize that the preliminary
conclusions reached regarding the P2X Joutseno project are based on my current under-
standing of RED II before the details of the regulatory framework are published at the EU
level through the delegated acts. Furthermore, this assessment does not take into account
the implementation decisions to be made in Finland when transposing the provisions and

requirements of RED II into national legislation.

In December 2019, LUT University and a group of companies launched a feasibility study
for an industrial scale synthetic fuels pilot plant. The fuel production process would be
based on P2X technology with the aim to produce carbon-neutral fuels for the transport
sector. The production process is illustrated in Figure 1. The P2X Joutseno pilot plant
would use excess hydrogen from Kemira’s chlorate production produced through elec-
trolysis utilising electricity from the grid. Currently, this excess hydrogen is released to
the atmosphere as it has no other use. Furthermore, additional hydrogen would potentially
be produced by utilising water electrolysis. The electricity used for this process would be
derived from the grid. CO2 would be captured from Finnsementti’s facility and purified
at the site. These raw materials would be combined to produce synthetic methanol, which

would be further processed into gasoline, diesel and kerosene.
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Figure 1 P2X Joutseno process, adapted from Gas Industry Transition 2020, p. 25.

Hydrogen Derived from Industrial Processes

The origin of the energy and the characteristics of the production process will define
whether the hydrogen will fall under the definition of RFNBO or RCF. First, narrowing
down the focus to the hydrogen obtained from Kemira’s chlorate production, it can be
concluded that the energy content of the hydrogen is currently not derived from renewable
origin and thus, the definition of RFNBO would not apply.**” However, as hydrogen is
an exhaust gas of non-renewable origin produced as an unavoidable and unintentional
consequence of the chlorate production process in Kemira’s industrial installation, the

fuel produced from such hydrogen could be covered by the category of RCF.3%

The definitions of RFNBOs and RCFs in RED II and the examples provided by the EC3%
do not offer clear interpretation guidelines for circumstances where both categories could
in principle apply. Hence, it is unclear whether the fuel would qualify as RFNBO if re-
newable electricity, fulfilling the requirements set forth for RFNBOs, would be used in
Kemira’s processes and the required emissions savings threshold would be met, as the
hydrogen would still be an unavoidable and unintentional consequence of the industrial
chlorate production process. However, the EC is expected to provide further guidance

regarding borderline cases in the delegated acts to be adopted during the course of 2021.

7 Article 2(36) of RED I1.
8 Article 2(35) of RED IL.
39 Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 5-9.
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The regulatory framework of RCFs is currently incomplete and subject to further deci-
sions and details concerning the essential provisions. The level of support they will re-
ceive in the context of RED II depends on whether the Member States, in this case, Fin-
land, decides to take RCFs into account when calculating the minimum share of renewa-
ble energy used in the transport sector. If RCFs are decided to be left out, they will not
receive any additional support compared to the use of conventional fossil fuels in this
regard. On the other hand, even if RCFs would be included in the obligation of fuel sup-
pliers to meet the 14% renewable target, they would still not be counted towards the over-
all target of 32% on the share of renewable energy in the EU. Furthermore, the RCF
suppliers are subject to the obligation to produce advanced biofuels and biogas to con-
tribute to increasing the share of renewables in the transport sector.’!® RED II foresees
the EC to adopt a delegated act by 1 January 2021 establishing the minimum threshold
for GHG emissions savings of RCFs through a lifecycle assessment considering the spec-
ificities of each fuel.’!' The methodology for assessing these GHG emissions savings
resulting from the use of RCFs and RFNBOs will be introduced by another delegated act
introduced by 31 December 2021.

Requirements for Renewable Electricity

Fuels derived from the additional hydrogen produced separately from Kemira’s chlorate
production through water electrolysis could potentially be classified under the definition
of RFNBOs, depending on the origin of the electricity used for electrolysis. According to
the current considerations, the electricity would be derived from the grid. The baseline
requirement is that the GHG emissions savings resulting from the use of RFENBOs should
be at least 70%.3'? Under the first option, the average share of the renewable electricity
in Finland is used when determining the share of renewable electricity used for the pro-
duction of RFNBOs, measured two years before the production year in question. How-
ever, this option does not reach the required 70% threshold with the recent average re-
newable energy shares.’!* The second option allows the grid electricity to be counted as

fully renewable if it is produced exclusively from renewable sources. This requires

310 Article 25(1) and Recital 89 of RED I1.

311 Articles 25(2) and 28(5) of RED 1I.

312 Article 25(2) of RED II. See also Edwards — Padella — O’Connell — Prussi — Scarlat 2020, p. 6, in case
if the energy content of a fuel is built on a mixture of renewable and non-renewable sources, only the share
that attributed to renewable sources is considered as RFNBO when determining the RFNBO fraction of the
fuel.

313 See Tilastokeskus for data on the renewable energy shares in Finland.
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demonstrating the renewable properties and other appropriate criteria of the given elec-
tricity. With this regard, RED II calls the EC to adopt a delegated act by 31 December
2021 establishing a methodology and detailed rules for the operators to comply with.3!#

Compared to RCFs, RED II provides a higher level of support for RFNBOs. The Member
States are obliged to take RFNBOs into account when calculating the share of renewable
energy in the transport sector. Furthermore, the Member States may exempt RENBO pro-
ducers from the requirement to produce advanced biofuels and biogas. Besides the re-
newable target in the transport sector, RFNBOs are also considered towards the share of

renewable energy in the EU’s gross final consumption.’!®

Source of CO2

RED II does not restrict the source of CO; used in the P2X fuel production. Thus, captur-
ing the fossil-derived CO> from Finnsementti’s industrial operations is feasible. The
methodology regarding the GHG emissions savings from RCFs and RFNBOs, to be
adopted by the EC by 31 December 2021, ensures that CO capture that has already re-
ceived an emission credit under any provision of law is not credited for the second time
in the context of RED I1.3!° The credit for avoided emissions is either considered towards

the ETS or RED IL

Conclusions

Taken together, there are certain regulatory uncertainties with both fuel types that are still
to be clarified. At this point, this assessment suggests that the regulatory framework of
the P2X fuels deploying the excess hydrogen derived from Kemira’s chlorate production
would not receive much support, if any, in the context of RED II. P2X fuels building on
additional hydrogen production would be treated more favourably, provided that renew-
able electricity would be used and requirements set forth for RENBOs would be met.
However, under certain circumstances, derogations from regulation may be authorised

for the purposes of testing and using new technology. This would allow piloting novel

314 Article 27(3) or RED II see also Recital 90 of RED II. GOs and PPAs could possibly be deployed for
demonstration purposes, although the existing systems and contract models could require certain adjust-
ments to meet the requirements set forth in RED II. If the renewable properties and other appropriate criteria
are not demonstrated and/or if the 70% threshold is not met, the fuel is treated similar to conventional fossil
fuels in this context.

315 Articles 25(1) and 7 of RED 11

316 Article 28(5) of RED I1.
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technologies within more lenient regulatory constraints. The eligibility for such deroga-
tions would be a significant opportunity for the P2X Joutseno pilot plant, and thus, this
possibility should be examined further.

Considering future developments, the delegated acts to be adopted during 2021 will pro-
vide detailed rules for the operators to comply with and consequently a clearer picture of
the regulatory treatment of P2X fuels. Moreover, some of the delegated acts may include
a certain level of flexibility for the short term in order to prevent the requirements from
stalling the scale-up of P2X fuels, especially with regard to RENBOs.?!” RED II offers
the Member States some room for manoeuvre to implement a more favourable framework
on P2X fuels as long as the minimum requirements are met. Furthermore, outside of the
scope of this thesis, the issues relating to taxation and financing should also be taken into

account as they will have an impact on the profitability of these fuels.

RED II will most likely undergo major changes in the near future due to the ongoing
revision process commenced by the EC under the EGD. The revision process aims to
ensure that the instruments in the EU’s energy policy are fit-for-purpose and contribute
to the utilisation of renewable sources.?!® The extent of the required revision is indicated
in the 2030 Climate Target Plan and in the Energy System Integration and Hydrogen
strategies, which both recognise the need to remove barriers and facilitate the deployment
of renewable and low-carbon fuels, particularly hydrogen-based solutions.*!” Therefore,
it may be expected that the revision of RED II would result in a higher level of support

concerning the P2X fuel production.

6. Concluding Remarks

In this thesis I have tested the hypothesis stating that RED II does not enable the full
potential of P2X fuels in the transport sector and limits their possibilities for a level play-
ing field. Even though RED II recognises P2X fuels, this hypothesis has proved to be
accurate as RED II seems to lack the ability to adapt evolving technological innovations
and increasing demand for renewable and low-carbon transport fuels. Although I

acknowledge that the details of RED II are still to be introduced by the delegated acts, the

317 Discussed in chapter 4.2.2. See Klessmann — Wietschel — Schroder — Wachsmuth 2020, p. 46.

318 P1an/2020/7536. For more information, visit European Commission, EU renewable energy rules — re-
view.

319 See COM(2020) 562 final, COM(2020) 299 final and COM(2020) 301 final.
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regulatory architecture and particular requirements seem to take an overly critical ap-
proach towards RCFs and RFNBOs by establishing safeguards and that will negatively
impact on their development. Due to these barriers, operators lack the encouragement to
invest in P2X technologies compared to other competing pathways. The deficiencies
undermining the appropriate incentives to RFNBOs and RCFs need to be thoroughly ad-
dressed to provide adequate regulatory certainty to support the large-scale introduction of

P2X fuels.

In the near future, RED II will probably be subject to changes due to the ongoing revision
process initiated under the EGD. As a result, the renewable energy targets will likely be
increased to step to the trajectory towards the more ambitious emissions reduction objec-
tives set forth in the EGD and the 2030 Climate Target Plan. Hence, it is of essential
importance to improve the regulatory framework to include appropriate incentives to pro-
mote a larger role for P2X fuels in the 2030 timeframe. In the best-case scenario, the
ongoing revision will lead to clear and robust rules providing necessary support particu-
larly for hydrogen derived renewable and low-carbon solutions in the transport sector.
The EDG and the relevant strategies recognise the apparent need for P2X fuels and their
technological development. Hence, the regulatory environment should reflect the de-

mand.

The research question guiding this thesis was to identify what are the implications of RED
IT on P2X fuels. For this purpose, I defined three additional research questions to test the
accuracy of the hypothesis: 1) How RED II regulates the raw materials used for the pro-
duction of P2X fuels? 2) Under which definitions P2X fuels fall in RED II and how are
they treated in RED II? 3) What are the main regulatory challenges for P2X fuels and
what measures are required either on the EU or national level to facilitate their deploy-
ment further? Before diving into these research questions, I provided an overview of P2X

fuels and introduced RED II to allow these questions to be thoroughly assessed.

To answer the first research question, I evaluated how RED II stipulates hydrogen and
CO; used as raw materials in the P2X process. Even though RED II stipulates hydrogen
e.g. explicitly in the context of GOs and implicitly as regards the P2X fuels, it did not
seize the opportunity to provide a comprehensive taxonomy for green and low-carbon

hydrogen. To establish a supportive framework, an EU-wide, clear and robust taxonomy
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and certification criteria for hydrogen should be adopted as the treatment of several hy-
drogen-based technologies are building on these definitions. The taxonomy will have a
direct connection to the interpretation of RED II, and thus, it will indicate the hydrogen
producers the level of support they can expect in terms of contributing towards the re-
newable energy targets. I underline that although the regulatory framework should be
precise enough, it should adopt a flexible and forward-looking approach not only to allow

but also support technological development.

Considering the possibilities to verify the origin of hydrogen, RED II extends the current
GO system to cover renewable gases, including hydrogen and recommends the Member
States to consider including energy from non-renewable sources. Although this was a step
forward, RED II also establishes certain limitations. Therefore, the GO system as regards
hydrogen could be enhanced to contribute to the renewable energy targets cost-effec-
tively, promote better sector integration and facilitate harmonised standardisation. Poten-
tial measures to enable scaling up the hydrogen economy could be making the GO system
statutory for all energy carriers, broadening the definition of GOs to serve also other pur-
poses than disclosing customers and extending the applicability to suppliers, large con-
sumers and distributors. Nevertheless, the possibilities to enhance the system should be
assessed in cooperation with the stakeholders to attain the most appropriate outcome for

the parties involved.

RED II narrows down the focus on the renewability of the energy supply in the P2X
production process, instead of restricting the source of CO,. Utilising industrial point
sources is justified with the current stage of technological development and energy tran-
sition, as the direct air capture requires significantly more energy and increases costs for
the P2X projects. Moreover, a legitimate concern regarding double counting of the emis-
sions savings in the ETS and RED II has been identified. A stronger link and consistency
between them should be established to allow appropriate accounting of CO> emissions
reductions. Outside the scope of RED II, a suitable regulatory framework needs to be
introduced for CCU as the current legislation mostly recognises only CCS solutions.
Overall, these findings demonstrate that the regulatory framework set forth for hydrogen
and CO is still incomplete and therefore, further measures and decisions are required to
provide a regulatory environment that facilitates the exploitation of these raw materials

for the production of P2X fuels.
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To answer the second research question, I evaluated the treatment of P2X fuels in RED
II. At this point, the main challenges are the incompleteness of their regulatory framework
and the barriers imposed on deployment of these fuels. Although RED II requires the
Member States to take RFNBOs into account towards the overall EU renewable energy
targets as well as the sub-target in the transport sector, it does not offer equal backing
compared to biofuels, which are supported by means of a dedicated quota and multipliers
as regards the calculation rules. Furthermore, the accounting rules concerning the share
of renewable electricity used for RENBO production create a significant burden for the
producers. Particularly, the requirements set forth to demonstrate the renewability and
additionality of the grid electricity used in the RFNBO production appear challenging.
Thus, fit-for-purpose rules with a certain level of flexibility should be adopted in the del-

egated acts.

RED II takes a more critical approach to RCFs. As they are not renewable by the origin,
they are not counted towards the overall target on the share of renewable energy in the
EU. The Member States are left with discretion to decide whether to consider RCFs to-
wards the renewable energy sub-target in the transport sector, as they contribute to the
decarbonisation objectives and increase the energy diversification. However, the main
issues, i.e. the threshold for the required emissions savings and the methodology for as-
sessing these savings, determining the detailed regulatory framework for RCFs are still
subject to further clarification to be introduced by two separate delegated acts. Altogether,
these issues and uncertainties inevitably raise concerns as to the feasibility of the RFNBO
and RCF projects. The current regulatory treatment of P2X fuels in RED II reduce their
attractiveness in the eyes of potential investors and thus, hampers their development and

market uptake.

The answer to the third research question was discussed throughout the thesis. In addition
to the main regulatory challenges identified above, the measures I proposed focused on
improvements supporting the deployment of P2X fuels by removing barriers and estab-
lishing equal opportunities between various competing pathways. Establishing a dedi-
cated sub-target for P2X fuels, revising the current multipliers and providing for a certain
level of flexibility considering the most restrictive requirements would serve these pur-
poses. Furthermore, extending the Finnish distribution obligation to cover RFNBOs is
essential to create demand for these fuels. Inclusion of RCFs should be reconsidered once

the delegated acts have been adopted. However, I note that if RCFs are not included in
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the distribution obligation, other measures or amending the system to CO> based should

be considered to promote their deployment.

Furthermore, I argue that instead of establishing overly restrictive requirements on re-
newable and low-carbon technologies, a higher carbon price and hence, a well-function-
ing ETS would be more efficient tool to steer market behaviour towards a low-carbon
economy. This would allow adopting a more technology-neutral approach to achieve re-
newable energy and climate objectives. Lastly, innovation-friendly regulatory practices
and processes should be employed to address the issue of inflexibility of the EU regula-
tory architecture. These types of processes could facilitate the development of P2X re-
lated technologies in the EU as they would enhance the communication between the
stakeholders and legislators and thus, improve the functionality regulations. Moreover,
such an innovation-friendly approach should be adopted when transposing provisions of
RED II into national legislation. Overall, the implications of the measures to be adopted

should be carefully scrutinised to avoid replicating the current flaws in the future.

The assessment of the regulatory treatment of the P2X Joutseno pilot plant suggests that
the current regulatory framework provided by RED Il is not very supportive at this stage.
Based on my research and interpretation, the P2X fuel utilising the excess hydrogen from
Kemira’s chlorate production would currently fall under the category of RCFs, and there-
fore, would not receive much support in the context of RED II. P2X fuels derived from
water electrolysis of additional hydrogen production would be treated more favourably
provided that renewable grid electricity would be used. If the renewable properties and
other appropriate criteria could be demonstrated, the fuel would qualify as RFNBO. How-
ever, derogations from regulation may be authorised for the purposes of testing and using
new technology in certain situations. The eligibility for such derogations would be a ma-
jor opportunity for the P2X Joutseno pilot plant, and thus, this possibility should be fur-
ther investigated. Although the regulatory environment does seem to create certain hin-
drances at the moment, | note that the revision of RED II would probably address these

barriers at some level and provide more support for P2X fuels.

Overall, the regulatory aspects of the P2X fuels have not been widely explored in legal
literature, although a discussion around the topic has rapidly increased during the recent
years. In addition to somewhat limited research material, the main constraint faced by this

thesis was the incomplete regulatory framework. As RED II foresees the delegated acts
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to adopt detailed methodology concerning many key aspects of the provisions on
RFNBOs and RCFs, the analysis is left only to rely on the current state of the regulation.
However, my thesis has an important role in identifying the regulatory issues of P2X fuels
in the context of RED II at this stage and in opening the floor for further discussion on
the required improvements. This thesis offers a starting point for future research by indi-
cating various issues where further research is needed. Moreover, as RED II and the EU’s
energy policy are undergoing a reform, the placement of P2X fuels in the regulatory en-

vironment should be closely followed.

The final conclusion of this thesis is that despite the apparent potential of P2X fuels, RED
IT has not been able to provide adequate incentives and a level playing field for them.
Nevertheless, | remain optimistic that the revision of RED II will succeed in tackling the
most significant barriers and recognise the ability of P2X fuels to contribute to the renew-
able energy targets and from a broader perspective, to achieving the decarbonisation ob-

jectives.
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