Co-funded by
the European Union

- - b-:A‘ _‘-- L \‘_."g '._‘. J

BB

- == Karolina (Qﬁfv,ﬂ eni
\4_;;'_. 3 .' .:- ':

\ L




Co-funded by
the European Union

Increase in global GDP
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All about energy starts with....
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Usage of fossil fuels =» GHG emissions C +0,=CO0,
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Global greenhouse gas emissions by sector Greenhouse gas emissions by sector, World Our World
T'his is shown for the vear 2016 - global greenhouse g'dr.sozmlssmns \\Z:;e 49.4 billion tonnes CO,eq. Emissions are measured in carbon dioxide equivalents (CO2eq). This means non-CO2

andstee/

gases are weighted by the amount of warming they cause over a 100-year timescale.
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GHG emissions - climate change mitigation — Paris
Agreement
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400 [T T T 2000 Mitigation: reducing emissions
T | 11800
8 | = Carbon Dioxide (CO,) : Covemnments agreed
= : " NE——— 11600 a long-term goal of keeping the increase in global average temperature to well below 2°C
%350' —— Nitrous Oxide (N.O) = S ATIEERTE Jonalaerege fimp
= {1400 & above pre-industrial levels;
g. ' - » {0 aim to limit the increase to 1.5°C, since this would significantly reduce risks and the impacts
2 411200 O - .
o . of climate change;
11000 » on the need for global emissions to peak as soon as possible, recognising that this will take
j longer for developing countries;
1800
* » {0 undertake rapid reductions thereafter in accordance with the best available science, so as
. 600 to achieve a balance between emissions and removals in the second half of the century.
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Role of methane in GHG emissions
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GHG Symbol Lifetime GWP,, GWP,,, | Totalemissions | | coneracting
(years) (Over 20 years) | (Over 100 years) (2018) Parties:

Carbon Dioxide o, 100-1000 1 1 81% CO, 68-78%
Methane CH, ,@_ 28 10% CH,13-20%
Nitrous Oxide NO {121 264 265 7%

Tetrafluoroethane HFC-I}(a 13 3710 1300 2%
Trichlorofluoromethane C-11 45 6900 4660

Carbon Tetrafluoride |~ CF, 50,000 4880 6630

CO, is the biggest GHG, but
CH, defines the speed of warming

The need to act in the next decades, not in the next century /
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Replacement of fossil fuels =» Reduction of GHG
emissions [1]
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Renewable energy sources

Energy efficiency

Electrification

Decarbonization by 2050

and Climate Plans

-~
A European Green Deal L‘ -

The first climate- At least 55% less 3 billion

ne utral CcO ntinent net greenhouse gas emissions by additional trees to be planted in the
2030, compared to 1990 levels EU by 2030

by 2050
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Replacement of fossil fuels =» Reduction of GHG

emissions [2]

Timeline for renewable energy in the EU
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Provisional agreement to raise 2030 target to at least 42.5%, aiming for 45%

REPowerEU Plan: EC proposal to ralse target for 2030 to 45%

Renewable Energy Directive: EC proposal to raise target for 2030 to 40%

EU power production from wind and solar surpass coal for the first time

Revised Renewable Energy Directive: 32% renewables target for 2030

Onshore wind is cheaper than coal, gas and nuclear energy

Renewable Energy Directive: EU target of 20% renewables by 2020 and
national binding targets

Olmedilla Photovoltaic park (Spain) - largest power plant (60MW) in the world
- generates enough to power 40 000 homes/year

Directive on biofuels and renewable fuels for transport: national targets for
biofuels

Directive on electricity production from r bles: national indicative
targets

First large-scale offshore wind farm (Denmark)

Energy for the future: renewable sources of energy: indicative EU target of
12% renewables by 2010

Hide 9 items A

Germany introduces first feed-in-tarif for renewables

Energy Community

Role for renewable gases:
Biogas, biomethane, hydrogen,

synthetic gases

Feedstock criteria / sustainability has to be verified

Wide range of usage:
Transport, heat & electricity production, industry

Different ways of transportation and storage

Development of production and application technologies
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Biomethane — why now? [1]

Co-funded by EU dependency on natural gas 2021
the European Union

Imports
100% D

80%

* EU 2020 Strategy on methane emissions - more 60% -

biomethane in use = fewer emissions to the 20% —

atmosphere from agriculture and waste oo B | T Russe

. . . Dc stic

* Fit for 55 - more renewable energy in the heating & 0% N aroduction

cooling and the transport sector = more gases from

RE origins Cost of biomethane vs natural gas
* RePowerEU — substitution of Russian gas by e Cost of biomethane:

biomethane From €55/MWh to €120/MWh

» Expected cost of natural gas to remain
high throughout 2022 and 2023

* Cost of green hydrogen today
€180/MWh

»Q\ /S
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Before REPowerEU

< The European Commission sets strong decarbonization targets (-55% of GHG by
2030) while leaving each Member State defining its own strategy regarding the
development of biomethane 1G/2G and e-methane.

After REPowerEU

J European ambition: production of 35 bcm of biomethane by 2030

Combined biogas & biomethane ngm? bc:"éJiUTeghSage Urgent need to diversify supply and reduce
production up to 2050 in Europe Skl °_ L Sl dependence on external gas providers
120

EU-27
40
100 35 becm represent
Up bem 20 ~ By L
80 of current gas imports from Russia today
60
Up to 42 bcm 20 1
40 9 ———
18 berr

20 -3 I 10 l -

! ‘

Baseline 2030 2050 0 |
- F

2020 Today 2030

< European Commission’s Executive Vice-President, Frans Timmermans, and the

Commissioner for Energy, Kadri Simson, have launched the Biomethane Industrial
Partnership (BIP, public-priva ol

‘ Energy Community Iea

Biomethane — why now? [2]

First step: Gas for Energy Security
Import of LNG/CNG from non-Russian origin

Import and promotion of biomethane and
RFNBO

renewable hydrogen to decarbonise the
industry

significant increase of biomethane
production: ~ 35 bcm until 2030

old target: 17 bcm

production 2021: 3 bcm

e/

CEER =
Energy Regulators




Biogas ? Biomethane?
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* Biomethane = methane with biological origins
* Result of natural processes (agriculture, waste) or technological processes (in controlled

conditions)

* Same gas as fossil methane BUT
Terminology’ confusion:
H CH, natural gas = methane [typically in Europe CH, > 85%)]
| biomethane # biogas [CH, 50-75%; CO, 25-50%]

" » biomethane = natural gas

METHANE

VectorStock
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Biogas & biomethane production
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Current production Relative to gas consumption
Europe was producing end of 2020 18 bem (15 bem of 4.6% of EU gas consumption = Close to entire natural
biogas and 3 bcm of biomethane) from 19,654 plants. gas consumption of Belgium
: 19%13%
x 16.8 16.8 7.5 -
e m | E
13 y
. 1
. - g%
) 8%
y .9 ] .ol15.1 . 5% 5
. = - 3% 3%
Figure 2.2: E-iigirsc:;ean:bagas 2% 2% 29 2% 2% qop 195 1%
Broducion i Europe (bam) 2 Fonsumpton top 15 conegd) | I l U l I A=
B . :
ot [
Source: EBA, BiogasPowerON 2022 Europe counts for 50% of globél biogas production
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Biogas production

Co-funded by
the European Union

FOOD WASTE FROM
HOUSEHOLDS AND SLURRY
BUSINESSES
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Biomethane production

Co-funded by
the European Union

v'Separation of CH, and CO, Vv'Cleaning

* Pressure Swing * H,0
Adsorption (PSA) * H,S

* Water scrubbing * O, N,

* Organic physical * Ammonia
scrubbing * Siloxanes

e Chemical scrubbing e Particles

* Membranes
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Trigger No 1:
Electricity is not easy to be stored, but easy to electrolyse water and make H,

Issue No 1:

Not all electricity renewable
Trigger No 2:

No C (and CO,) produced by using H, Issue No 2

Is there enough water?

Trigger No 3: Issue No 3:
Wide scope of application H, H, is gas, with own characteristics
Issue No 4:

Low production and usage of H, currently

‘ Energy Community Iea CEER




Hydrogen current production
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* Hydrogen is produced on a commercial basis today from natural gas

* |tis used as a feedstock in the chemical industry and in refineries, as part of a
mix of gases in steel production, and in heat and power generation

* Global production stands at around 75 MtH2/yr as pure hydrogen and an
additional 45 MtH2/yr as part of a mix of gases

* This is equivalent to 3% of global final energy demand and similar to the annual
energy consumption of Germany

‘ Energy Community Iea CEER
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All colours of Hydrogen

GREEN

Hydrogen produced by
electrolysis of water, using
electricity from renewable
sources like wind or solar. Zero
CO, emissions are produced.

PURPLE/PINK

Hydrogen produced by
electrolysis using nuclear power

BLUE

Hydrogen produced from fossil
fuels (i.e., grey, black, or brown
hydrogen) where CO, is captured
and either stored or repurposed.

TURQUOISE

Hydrogen produced by thermal
splitting of methane (methane
pyrolysis). Instead of CO,, solid
carbon is produced,

GREY

Hydrogen extracted from natural
gas using steam-methane
reforming. This is the most
common form of hydrogen
production in the world today.

BROWN/BLACK

Hydrogen extracted from coal

using gasification

@ YELLOW

Hydrogen produced by
electrolysis using grid electricity
from wvarious sources (i.e.,
renewables and fossil fuels).

1 8

y \

WHITE )

Hydrogen produced as a
byproduct of industrial processes.,
Also refers to hydrogen occurring
in its (rare) natural form.

L]
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Applied Economics Clinic
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Issue No 5:
Could be enough
green H, produced?
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Source: IRENA~

many cases be as direct replocements - that is, as drop-in fuels. Synthetic fuels produce carbon emissk b d. but if

Hydrogen planed application
Provucrion ) mansrommanion ) taanseom ) mouse
S

shipping (113
Aviation A
Cars —
Trucks L)
Buses

* The term synthetic fuels refers here to a range of hydrogen-based fuels produced through chemical processes with a carbon source

(CO and CO; captured from emission streams. biogenic sources or directly from the air). They include methanol, jet fuels, methane and
other hydrocarbons.
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Issue No 6:
Transfer of H,
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Synthetic gases
s.ney,used to be....

the European Union As they might come....

o
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wind power - . .
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| |

methanation

electrolysis
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combined cycle plant
with CO, capture

i methane
gas storage
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Synthetic Natural Gas
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New EU acquis to come soon
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EU Methane Regulation Gas Package amendments

* Based on the Strategy on reducing methane emissions
in the energy, agriculture and waste sectors, as these
areas account for almost the entirety of anthropogenic
methane emissions

* Based on the Hydrogen Strategy and Energy Systems
Integration Strategy

* Hydrogen in gas networks

e Establishment of International Methane Emissions

* Enabling the market to decarbonise gas consumption
Observatory

* Put forward policy measures required for supporting the
creation of optimum and dedicated infrastructure, as well
as efficient markets.

* Cross-sectoral approach

* Cross — border requirements

e To remove barriers to decarbonisation and create the

* Regulation in energy sector: OGMP 2.0 reporting, LDAR, conditions for a more cost-effective energy transition

ban on venting & flaring

https://energy.ec.europa.eu/topics/markets-and-consumers/market-legislation/hydrogen-and-

* In waste sector: production of biogas & biomethane decarbonised-gas-market-package. en

https://energy.ec.europa.eu/topics/oil-gas-and-coal/methane-emissions_en#eu-methane-strategy
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