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Outline - Full decarbonisation leads to “Sector Coupling” and requires
regulatory and market design reform in the gas and power sectors

1

Climate policy = Paris Climate Accord and EU Climate Policy target require

targets imply full almost full decarbonisation of the economy (not just the power

carbon neutrality of sector!) - 80-95% reduction of CO2 emissions (compared to EU: A significant

the economy 1990) until 2050 and ultimately full carbon neutrality share of primary
energy will still

have to be imported

Renewable electricity (mainly wind and solar) g%%g?gc(’grgsegle:ggmy

Nuclear — but politically ruled out in many countries
Hydrogen (from natural gas with CCS/U or from renewable electricity)
Biofuels/biogas

his drastically
limits the sources of

primary energy

3 ector coupling — = This will lead to increased electrification, but full
transition requires electrification is neither technically feasible nor efficient

PSSO UCIVALNEN = Chemical forms of energy (gas, liquids), in part produced
production of gas from renewable and nuclear power, required to deal with
and liquid fuels bulk energy storage and long distance transportation

Regulations and = This requires an increased (and two way) integration
market design need between electricity and gas/fuel markets

= To be efficient this requires regulatory alignment between the
sectors —implies reforms in the gas and power sectors

to be aligned across
power and gas
sectors

frontier economics



3
Carbon neutrality leads to increasing interaction between electricity and

gas, as well as between different types of gases

(, /qg-
‘ . <@B 3 . N
" ‘ ‘.. ‘:f“‘\
e =Nl & 7
L
Natural Gas l ! Coal j Nuclear Renewables F Crude Oil q

N\ /

D=t

:

Steam reforming

& CCS/CCU
iy a»

i

PtL
a
Gas — —
(Methane,
ﬂ hydrogen) [y G—

Coupling links
between electricity
and other sectors

=
y ¥
\
=

vy

4

H
I Electric appliances l [ Transport ]

frontier economics | Confidential 3




Several benefits of combining power and gas infrastructure

See Annex for enlarged
versions of graphs

Both domestic as
well as for import!

Use of
existing
infrastructure

Cost of

infrastructure

Transportation

Figure 1 Cross-border transport capacities for gas exceed those of electricity by large Figure 12
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Source: Frontier Economics based on ENTSO-E and ENTSOG

Note: ** In some cases published capacities vary slightly between flow directions. In such cases, the higher figures are shown
above
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Figure 5 Space requirement of gas vs. electricity transmission
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Seasonality of heat demand in the countries analysed Figure 16  Gas storage volume is almost 1000 times as large as electricity

storage volume in analysed countries
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based on Eurostat, Cooling and heating degree days by courtry - monthly data
0 April 2018
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06TWh

Source:  Frontier Economics based on Gas Infrastructure Europe and Geth et al. (2015).

Figure 22 Comparison of battery and gas storage costs in EUR/kWh
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Source:  Frontier Economics based on IRENA (2017a) and Le Fevre, C. (2013)

Acceptance 26w | = Storage of gas and liquids typically
i [ RARARARARARANR ereioreno
population i ! = Therefore no competition for alternative
S H e v e v o | o | s g space use.
Max 20m I ~1,000m (14*70=980m) |
Source:  Frontier Economics
frontier economics | Confidential Source: Frontier Economics/IAEW (2019): The value of gas infrastructure in a carbon-neutral Europe, study commissioned

by Green Gas Initiative (https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf)



https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf

3
Despite the uncertainties, scenario studies consistently find a

long-term role for gases and in part produced from renewable electricity

EU final energy demand is expected to fall ﬁ With renewable electricity accounting for a high
1200 share of the mix by 2050
-‘_‘_‘_-_-_‘_‘_‘—-—n—_
Greenpeace E[R] [N o-
800
3 Ly
s 600 Greenpeace AE[R] | 1007
400 \
& IRENA (2018) | o
200 1====
0 - Asset (2018) 70%
2000 2010 2020 2030 2040 2050
Source: Frontier Economics and CE Delft, based on EC (2018) Source: Frontier Economics, based on sources indicated.
While electricity demand is expected to increase Gases help with transport / (seasonal) storage needs
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Source: Frontier Economics, based on EC (2018) Source: Frontier Economics and CE Delft, based on EC (2018)

_ . . ~ Source: Frontier Economics/CE Delft (2019): Potentials of sector coupling for decarbonisation - Assessing regulatory barriers
frontier economics | Confidential i jinking the gas and electricity sectors in the EU, presented at EU Regulatory Forum Madrid, 6 June 2019
(https://ec.europa.eu/info/sites/infoffiles/frontier - potentials _of sector_coupling_for_decarbonisation.pdf)



https://ec.europa.eu/info/sites/info/files/frontier_-_potentials_of_sector_coupling_for_decarbonisation.pdf

4
Market design and regulation therefore need to be consistent and
technology neutral in a range of areas

o m—————- N AT mm e e e m e mm———m - - = — Possible distortions to a
\I ( Regulation level playing field
|
|

National differences

I
“ Differences power vs gas

Energy markets Differences TSO vs DSO

Governance of
renewable and
climate policy

Technical regulations | Economic regulation SoS regulation and
(gas) of infrastructure flexibility
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Source: adapted from Frontier Economics/CE Delft (2019): Potentials of sector coupling for decarbonisation

- Assessing regulatory barriers in linking the gas and electricity sectors in the EU, presented at EU Regulatory Forum Madrid, 6 June 2019
(https://ec.europa.eu/info/sites/info/files/frontier - _potentials_of sector_coupling_for_decarbonisation.pdf)
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https://ec.europa.eu/info/sites/info/files/frontier_-_potentials_of_sector_coupling_for_decarbonisation.pdf

A range of solutions will be required to address
the barriers and gaps for improved sector coupling

Barriers
1| Relative Z]Unlevel playing field 3 | Focus on natural 4 |Uncoupled and 5 | Risk for
Immaturity of relevant due to sector- and gas in (gas) uncoordinated interoperability across
technologies technology-specific infrastructure infrastructure planning markets and borders

tariffs and levies regulation

<7 )
*

) *

*

K * 4 K

Solutions¥recommendations

Regulatory toolbox
to address cost
recovery issues

Clarity on access to
infrastructure

Clarify who is best placed to bear the Clarify under what conditions
cost of stranded assets (and other Regulations on TPA / unbundling apply
legacy costs, e.g. for RES support) to hydrogen (and other gases)

_ _ . ~ Source: Frontier Economics/CE Delft (2019): Potentials of sector coupling for decarbonisation - Assessing regulatory barriers
frontier economics | Confidential jn Jinking the gas and electricity sectors in the EU, presented at EU Regulatory Forum Madrid, 6 June 2019
(https://ec.europa.eu/info/sites/infoffiles/frontier - potentials _of sector_coupling_for_decarbonisation.pdf)



https://ec.europa.eu/info/sites/info/files/frontier_-_potentials_of_sector_coupling_for_decarbonisation.pdf

This raises multiple questions in relation to
regulatory and market design in the power sector

Economic regulation of
infrastructure

SoS regulation and
flexibility

Governance of renewable

and climate policy

= Power-to-Gas

service (bookable or
socialised)?

= Balancing
arrangements to
encompass power and
gas?

= Harmonisation of
settlement periods
between electricity and
gas (if electricity
becomes more easily
storable)?

conversion as a system

Harmonise network
tariff structures and
locational incentives
across power and gas

Clarify TPA and
unbundling
arrangements in relation
to power-to-gas (and
similar conversion)
facilities

Decide on stranded
cost and dismantling
cost recovery of
underused
infrastructure

Harmonise capacity
incentives across
power and gas

Integrate infrastructure
planning across power
and gas and T&D

Develop capacity
adequacy
assessments to
combine power and gas

Consider interaction of
ancillary services
between power and gas

Synchronise climate
policy instruments
across power, gas and
liquids (e.g. EU ETS as
anchor for all sectors)

Use of guarantees of
origin, compatible
across power, gas,
liquids

Life cycle analysis of
carbon impact of
different fuel chains

Hamonise taxes and
levies across sectors
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Thank you for your attention!

Dr Christoph Riechmann

&a christoph.riechmann@frontier-economics.com
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http://www.frontier-economics.com/person/christoph-riechmann/

Annex — Further documentation and data sources

e Onthe the value of gas infrastructure (in 8 European countries; study for the Green gas Initiative, GGI):
https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf

e Onthe cost of synthetic fuels (study providing a projection of cost for Europe, The Gulf region and Iceland; for Agora
Verkehrswende):

o The report - https://www.agora-
energiewende.de/fileadmin2/Projekte/2017/SynKost 2050/Agora_SynKost Study EN_ WEB.pdf
o The calculator - https://www.agora-energiewende.de/en/publications/ptgptl-calculator/
o Background data - https://www.agora-energiewende.de/veroeffentlichungen/datenanhang-zur-studie-die-
zukuenftigen-kosten-strombasierter-synthetischer-brennstoffe/
e On an international Roadmap for Power to X (PtX Roadmap, study for World energy council, German Chapter) —
o Report - https://www.weltenergierat.de/wp-
content/uploads/2018/10/20181018 WEC Germany PTXroadmap_ Full-study-englisch.pdf
o Data Annex - https://www.frontier-
economics.com/media/2644/20181018 frontier_wec _germany_ptxroadmap annex-document.pdf

Note: hyperlinks as available at the time of presentation, 17 June 2019
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https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf
https://www.agora-energiewende.de/fileadmin2/Projekte/2017/SynKost_2050/Agora_SynKost_Study_EN_WEB.pdf
https://www.agora-energiewende.de/en/publications/ptgptl-calculator/
https://www.agora-energiewende.de/veroeffentlichungen/datenanhang-zur-studie-die-zukuenftigen-kosten-strombasierter-synthetischer-brennstoffe/
https://www.weltenergierat.de/wp-content/uploads/2018/10/20181018_WEC_Germany_PTXroadmap_Full-study-englisch.pdf
https://www.frontier-economics.com/media/2644/20181018_frontier_wec_germany_ptxroadmap_annex-document.pdf

Annex — existing infrastructure (7 countries, enlarged)

Figure 1 Cross-border transport capacities for gas exceed those of electricity by large

Figure 16 Gas storage volume is almost 1000 times as large as electricity
storage volume in analysed countries
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Source: Frontier Economics based on ENTSO-E and ENTSOG

Note: ** In some cases published capacities vary slightly between flow directions. In such cases, the higher figures are shown
above.

Electricity storage

0.6 TWh
Frontier Economics based on Gas Infrastructure Europe and Geth et al. (2015).

Source.

Source: Frontier Economics/IAEW (2019): The value of gas infrastructure in a carbon-neutral Europe, study commissioned by Green Gas
frontier economics | Confidential

Initiative (https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf)
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https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf

Annex — Profile and cost of seasonal energy storage (enlarged)

Figure 12 Seasonality of heat demand in the countries analysed
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Source: Frontier Economics based on Eurostat, Cooling and heating degree days by country - monthly data
[nrg_chdd_m)], retrieved in April 2018

Figure 22 Comparison of battery and gas storage costs in EUR/KWh

Source:
Note:
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Frontier Economics based on IRENA (2017a) and Le Fevre, C. (2013)

Costs for batteries are illustrated for a range of different lead acid, high-temperature, flow and lithium-
ion battery technology types. The minimum costs are based on flooded lead acid batteries in 2016
(~EUR 150/kWh) and 2030 (- EUR 80/kWh). Gas storage costs are based on investment costs for
gas storage in caverns, aquifers and depleted oil and gas fields, which are around EUR 0.1 to
0.3/kWh, see e.g. Stronzik, M., Rammerstorfer, M. and Neumann, A. (2008), Le Fevre, C. (2013).

Source: Frontier Economics/IAEW (2019): The value of gas infrastructure in a carbon-neutral Europe, study commissioned by Green Gas
Initiative (https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf)
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https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf

Annex - Comparion of key energy storage technologies

Withdrawal time

N
1 year
1 month
1 week
1 day
Hydrogen and
synthetic methane in
gas storage systems
1 houir.
_ Capacitators
1 min. Storage methods
Mechanical Electro-chemical
M Electrical B Chemical
1 sec.
Inductors
100 ms
1 kWh 1 GWh 1 TWh

Storage capacity

Source: Frontier Economics/IAEW (2019): The value of gas infrastructure in a carbon-neutral Europe, study commissioned by Green Gas
Initiative (https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf)

frontier economics | Confidential

13


https://www.frontier-economics.com/media/3120/value-of-gas-infrastructure-report.pdf

Annex — Various studies conclude on the benefits

Selection
. Commissioned e PtX / E-Fuels
Titel (Year) Author Scope
by advantageous?
Klimapfade fur Deutschland BCG (3 DE, all sectors, 3 scenarios: Reference (current path), V
(2018) prog nos > BDI 80% and 95% climate path (PG, PiL)
. fiy DE, transport sector, 3 extreme scenarios: 100% electric V
FVV-Kraftstoffstudie (2018) FVV (BEV), 100% H, FCEV, 100% E-Fuels (PtG, PtL)
i : dena . EU, transport sector, 4 scenarios depending on vehicle «
«E Fuels» StUdIe (2017) Deutsche Encrgle-Agencur st VDA ngeS (PtL’ PtG1 eDRlVES) (PtG’ PtL)
Status und Perspektiven _brognoss ™| MW/ il | DE, all sectors, 3 scenarios: Reference (current trend),
fliissiger Energietrager (2018) |7 Fraunhofer ~ IWO, MEW, UNITI | PtX 80 and PtX 95 (PG, PtL)
Der Wert der Gasinfrastruktur tior IRW FNBG DE, all sectors, Electricity & Gas Storage‘ vs. ,Electricity & (PtL,
as ) ] 3
fir die Energiewende (2017) frogatn!ﬁ!‘ {MANAGEMENT @ PR Green Gas' scenario H2, CH, )
dena-Leitstudie Integrierte dena DE, all sectors, 5 scenarios: reference, electrification 80
Energiewende (2018) e e gt and 95, technology mix 80 and 95 (PtG, PtL)
Fully decarbonising Europe’s o - EU, all sectors, All-Electric’ pathway vs. ,“Zero Carbon
energy system by 2050 (2018) < POYRY Gas* pathway (hydrogen)
The Value of Gas ontras FE @.:| 8 European countries (DE, FR, NL, DK, SE, BE, CH, CZ2), (PtL,
Infrastructure in a Climate frontler » |A-w CNERGINET all sectors, Electricity & Gas Storage' vs. Electricity & H2. CH
economics ', g-a-su-"‘He % i 1 4, )
Neutral Europe (2019) M 5SS ELuxys | Green Gas' scenario
Grids for the futur Oct 2017 T ] Varons _dena ransitio .
E ('v:&'““"‘.f‘?l I Various Bringing North Ssea E:evzgilsishove Efficiently = 2(:11018 _ @_ Dec 2017
8 = | ‘ [ [ A 100%renewable gas mix in 20502 Jan 2018 I ' Fr |ml;a;l$|?;?1/vzeosgevmcan[ ributo Nov 2017
. and in many (] A o | [ — - e el | I
] cNERGINGT Benefits of the gas system to society in 2035 (in Nov 2015 [ [ [P— ontras PIG potential in ONTRAS grid area (German) Jun 2017
other studies (S =] o] s ‘ || | | |
across Europe Il Gal;“j., Blog: The future of renewable enerf:/ |: Ireland Sep 2015 | [ ] || @perers | | || Camse praccion tough sectr caulng || 2007 |
: ['..,,—_. : ! £ ‘ b [ — || frontior ||<?FNBG.. |[ e s |[ owor |
% f):ﬁ = el pieations of UK gos — = | | Global Energy and Climate Outlook 2017 | | 2017 |
= — Egﬂ,;;,;,”({/%k SR “:Zl K:eds — — | E3M|ab ||eurogas‘£| Role of renewable gas || Jun 2018 |

- —
= 1
——m—
== —1

- The Fi f Gas: Hi [ - 2018 (forth-
|r'n'JL i |grl|:4 | | | ca:mr:";ﬁrz as: How gas can support a low | | Mar 2018 | - | | :v_‘::” | | Long-term decarbonisation study (TBC) | comin(
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http://www.ewi.research-scenarios.de/cms/wp-content/uploads/2017/11/ewi_ERS_Energiemarkt_2030_2050.pdf
https://www.dena.de/fileadmin/dena/Dokumente/Meldungen/dena_Gebaeudestudie.pdf
https://www.ontras.com/fileadmin/user_upload/Dokumente_Presse/Aktuelles/PtG-Potenziale_im_ONTRAS-Netzgebiet_Endbericht_zur_Kurzstudie_der_nymoenstrategieberatung.pdf
https://enervis.de/wp-content/uploads/2018/01/170321_enervis_Studie_Klimaschutz_durch_Sektorenkopplung.pdf
http://erdgasspeicher.de/files/20171212_studie_erneuerbare_gase.pdf
https://shop.dena.de/fileadmin/denashop/media/Downloads_Dateien/esd/9214_dena-Leitstudie-Integrierte-Energiewende_Zwischenfazit.pdf
http://www.frontier-economics.com/documents/2018/02/fnb-green-gas-study-english-full-version.pdf
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