MTorosble KOMMEHTaApPMUM Ha 3aKJ/TIIOUYUTEJSIbHOW
ceccuu “'Boaopoa: xamn uan Haaexxaa'.

A.A.KoHONNAHUK, A.3.H., Nnpod.,

CoBeTHUK leHepanbHOro aupekropa, «0O00 @3Npom aKcnopT»;
Co-npeaceparenb C POCCUINCKOM CTOPOHDbI Pabouen Mpynnbl 2 «BHYTPEeHHME PbIHKKU»
KoHcynbTatuBHoro coseta P®-EC no rasy;

YneH HayuHoro Coseta PAH no cuctemMHbIiMm Ucciego0BaHNAM B SHepreTuKke

XIll MexxayHapoaHaa HaydyHaa KoHpepeHuma «IHEPTETUKA-XXI: 9KOHOMMKA, NONAUTUKA,
skonoruna» — «Poccus u nobanvHana y2nepooHas HelimpasabHOCMb Y.
17-19 HoA6pa 2021 r., CN6MNY — NAO «lMasnpom», CaHKT-MNMeTepbypr, oHNaMUH

3aaBneHue 06 orpaHMYEHUU OTBETCTBEHHOCTU: B3rnaabl, M310XKeHHbIe B HAaCTOALWEeM Npe3eHTaunm, He 06a3aTeNbHO OTpaXKatoT
(MoryT/gonxHbl oTparkaTb) U/Mnm cosnagatoT (MoryT/aonKHbl coBnaaaTth) ¢ oduumanbHoli nosnument Mpynnol fasnpom (ska. OAO lMasnpom
n/vnn OO0 Masnpom sKkcnopT), ee/nx akUMOHepoB U/ unm ee/ux adPUNMPOBaHHbLIX UL, OTPAXKAIOT IMUHYIO TOUKY 3peHua aBTopa
HacToALWEN Npe3eHTaL NN U ABNAIOTCA ero NepcoHaibHOW OTBETCTBEHHOCTbIO.




Concluding remarks at the final session
“"Hydrogen: Hype or Hope".
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affiliated persons, or any Russian official authority, and are within full personal responsibility of the author of this presentation.




Concluding remarks at the final session
“"Hydrogen: Hype or Hope"”.
Possible alternative titles:

(1) H2: Hope? Hype? Or maybe even "Deep-fake”?
(2) H2 — a New Fusion?
Bituminous sands? Shale O&G?

Prof. Dr. A.A.Konoplyanik,

Adviser to Director General, Gazprom export LLC;
Co-chair of Work Stream 2 “Internal Markets”, Russia-EU Gas Advisory Council;
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November 17-19, 2021, FINEC — JSPC Gazprom, Saint-Petersburg, online

Disclaimer: Views expressed in this presentation do not necessarily reflect (may/should reflect) and/or coincide (may/should be
consistent) with official position of Gazprom Group (incl. Gazprom JSC and/or Gazprom export LLC), its stockholders and/or its/their
affiliated persons, or any Russian official authority, and are within full personal responsibility of the author of this presentation.




«lMepexoanTb OT YPOBHSA COObLITUN K YPOBHIO TEHAEHLUUN U
cYyMLlaTb NponaraHAMCTCKYIO yenyxy»
(AHApeun @ypcoB, pOCCUNCKUN UCTOPUK)

1) «YenoBeK He He cnocobeH 06bEKTUBHO OLEHUTb MHPOPMALUIO, HO
Ba*KHO, YTOObI OH BEPHO YN0BWU/I TEHAEHLUMUIO — TOTAa OH cCnocobeH
npaBu/JbHO AenaTb BbiBOAbI» (AsnneH [annec)

2) OH xce (6apuaHm): «4enoBeKa nerko 3anytatb ¢pakTamu, HO, €C/IU
OH NMOHMUMAET TEHAEHLMMU, ero y*e xpeH obmaHellb»

3) «Bce ecTb A4 1 BCe eCcTb IEKAPCTBO, U TO/IbKO Mepa nNpespallaeT
oAHo B gpyroe...» (AsuuyeHHa/Nb6H-CuHa? MNapauensc?)



Energy transitions: duration of historical period does matter (1)
(those who consider Energy Transitions as specific today’s phenomenon)

Energy Transition as a today’s-specific climate
motivated phenomenon — and it’s about going
away from fossil fuels (NRES) to RES

From
dominant
energy
sources
(non-RES) to
another Some called this
dominant “A Theory of
energy Energy
sources Transition”

(RES)

non=-RES = non-renewable energy source .
RES = renewable energy sources Nowadays/ first

half XXI-st century

A.KoHonnaHuk. IHEPTETUKA-XXI. CMbB, 17-19.11.2021



Energy transitions: duration of historical period does matter (2)
(dominant/most popular today’s viasion/numbering — Skolkovo etc.)

Energy Transition as a regular phenomena since First
From Industrial Revolution — and it’s about going first from one
dominant dominant fossil fuel to another and nowadays - away from

A fossil fuels to RES
sources to

another
dominant

energy
sources

RES will dominate

\ Nowadays/ first half
AKoHonnsrnk. SHEPTETUKAXXI. €M, 17-19.11.2021 - Fossil fuels (non-RES) dominate XXI-st century



Energy transitions: duration of historical period does matter (3)
(acc.to "Energy Thresholds” theory of acad.Krzhizhanovsky-Melentiev-Makarov)

From dominant Energy Transition as a regular/permanent historical phenomena
energy technology — as a passing of Energy Thresholds => it is NOT about going from
(=> energy source) fossil fuels to RES, it’s about changes of dominant energy

e another technologies creating demand for new energy sources
dominant energy

technology (=>
energy source)

Growing
“concentration
of the flow of
extracted energy
from natural
environment»
(acad.

Q.A.Makarov) /

RES exclusively  Fossil fuels (non-RES) dominate

A.KoHonnsaHuk. SHEPTETUKA-XXI. CMb, 17-19.11.2021

Second half of
XX-th century




Energy transitions: duration of historical period does matter (4)
(Konoplyanik’s nup '

From energy Energy Transition as a regular/permanent

technology Growing “concentration of the flow historical phenomenon is — at current time - NOT
=> energy of extracted energy from natural about going from fossil fuels to RES, but about
source to environment» (acad. A.A.Makarov) going from a dominant NRES energy source to
energy competitive diversity of energy sources

technology . (NRES+RES) & energy technologies providing for,

=> energy . . inter alia, decrease of GHG emissions
source

RES exclusively Fossil fuels (non-RES) ~ Competitive mix of RES + non-
dominate RES (GHG-emissions footprint)

A.RoHonnanuk. IHEPTETUKA-XXI. CIb, 17-19.11.2021



Hydrogen for politicians, statesmen, energy professionals, etc...

Media (populist, conflict new vs old businesses/elites)

Short-term Politicians (next elections/populist): RenH2+RES = new

vision: to oil = universal solution to save the climate
maximize

Energy companies (in public media)
Start-ups (state support)
Public funds, NGO, ecologists, “greens” (green perceptions)

Statesmen (state interests): how to balance
professionals, electorate, geopolitics...

Economists (long-term ROI)

. . I oc Long-term
Financiers (long-term ROC) e
Engineers (long-term technical safety) optimize
A A

Consumers (low energy bill, secure supply)

@ H2 optimal @
niche in end-

use & primary

energy mi

Energy professionals: RenH2 nor H2 can not become a
new oil, but it might find its optimal niches in the

Long-term

vision: to A.KoHonnaHuk. SHEPTETUKA-XXI. CI1b,
optimize 17-19.11.2021

specific end-use sectors — different for different states



Boaoopoa: nyTb MHHOBaUMKM = aHanor «[ijmarpammbl Apnca>» (BOpoOHKa Cc6/2in)KeHus no3mumn)

dopmupyemoe ceroaHa A4OMUHUPYIOLLEE CTOPOHHUKM «HOBOrO» («M1po2peccucmsi»):

nepsoHa4a/ibHOE npeyseanyvyeHue risiIocoe HoOBOro

obuwectBeHHOe MmHeHue: RenH2+RES

A => 0co3HaHHasa («OKHo OBepToHa») u/mnm
OTKNnoHeHuns
HEeOCO3HaHaA HeJOOLUEHKA ero n3geprKek, PUCKoBs,
«B «MNJHC» ~ v
HeonpeaeneHHOCTEN, 3aBbllleHMe ambuunm
AN
| =
= 3
> e
I o s 2
] 3 ©
r & I
= S 5 E
I I
O U 5 o
oOxT C o
Q o = >
O £ X X
n ¥ +— I
© - E O
o O O x
CTOPOHHUKM «CTaporo» («pempozpadsbl»):
MeHSIoWasnCcA C TeYEHUEM BPEMEHM nepBoHaYanbHoe nNpeyBennvyeHune
OTK/IOHEeHMUS OCTpOTa, MacluTab, pa3bpoc OLEHOK B (aKueHTbI Ha) MUHYCcO8 HOBOTO
«B «MUHYC » paMKax 06LLecTBeHHOM 1/Man => MNoAHOE OTPULAHME KHOBOTO» NN
\ 4

I'IpOCIJeCCMOHafIbHOl‘/JI ANCKYCCUU npeyseanyvyeHune ero n3gepKek, puckos,
HeOI'Ipe,EI,eI'IEHHOCTEVI

A.KoHonnanuk. IHEPTETUKA-XXI. CMb, 17-19.11.2021



EU & Russia: two ways to net-zero emissions in energy

EU path (New ussia’

Green Deal) path

< (o5

“RES + decarbon.
gases” = RES +

“renewable” H2 =
\ ’
0. \

To increase absorption
capacity

To reduce emissions —

Of natural Technologicai
/S

environment
I

Technological

improvements

offshore
Al

onshore

4 \

From
non-RES '
(fossil) to

RFS

mars fore Aqua
hes sts culture

—  ———

Reduction of end-use energy

Incremental
CAPEX to low-
emission path
BUT high-

Reduction of

cost, |0W. - ( Reo(?cuucrf;:m unit energy consumption => demand reduction for
energy-effi- g — : primary energy => lower demand for
ent - emissions consumption SO :
cien / ncl)or:- : (improvement CAPEX in primary energy production =>
su”stalna” e . of energy possibility to re-distribute released
EreTn | - efficiency) funds to increase of living standards of
technologies : \\/ Russian citizens
(esp. if for y A’
3 |
centralized : =S Reduction of emissions through energy value chains
large-scale . S
-lIlllllllllll.ll.lllllllllllllllllllllllllll

energy) A.KoHonnanmk. SHEPTETUMKA-XXI. CMB, 17-19.11.2021




What is clean energy? Depends on how you calculate/consider it...
Wrong perceptions as if renewable H2 is the only clean H2 and, moreover, that it is clean at all

A hydrogen strategy for a climate-neutral Europe (Brussels(8.7.2020°COM(2020) 301 final):

‘Renewable hydrogen’ is hydrogen produced through the electrolysis o ter (in an electrolyser, powered by electricity),
and with the electricity stemming from renewable sources. The full life-cycle greenhouse gas emissions of the production
of renewable hydrogen are ero <...> ‘Clean hydrogen’ refers to renewable
Siemens/Gascade/Nowega (Hydrogen infrastructure — the pillar of energy transition...,
“If the electricity required fgr electrolysis comes exclusively from renewable, CO2-free sources, the entire production
process is completel

Carbon track of renewable H2 through the full life-cycle (acc. to EU H2 Strategy) — GHG Scopes 1-2-3

Utilization of equipment for
Production equipment for Production Renewable H2 quip

. RES/H2 production after
generation RES electricity/H2 RES electricity production . /H2p . e -
project business life is over

GHG Scope 2 GHG Scope 1

- |
Y Y
CO2 emissions: NOT equal to Zero CO2 emissions: equal to Zero CO2 emissions: NOT equal to Zero
EU H2 Strategy: not included EU H2 Strategy: included EU H2 Strategy: not included
Geographical location: beyond EU Geographical location: within EU Geographical location: beyond EU

Daniel Yergin, Pulitzer Prize winner for “The Prize” book at presentation of his new book “The New Map™:
“NEW SUPPLY CHAINS FOR NET-ZERO CARBON REQUIRES CARBON!!! ... They require diesel to operate

shuttle in mining..." (Source: A conversation with Pulitzer Prize winner and energy expert Daniel Yergin,
Atlantic Council, 25.09.2020; https://www.youtube.com/watch?v=hWMOUS8IjRhl)

A.RoHonnanumk. SHEPTETUKA-XXI. CMB, 17-19.11.2021


https://www.youtube.com/watch?v=hWMOU8IjRhI

* Scope 1 t Scope 2 * Scope 3

o Why it is important
....7.2..{?.. to consider GHG
emissions within
all THREE Scopes?
(Illustrative example
from Apple which it
has presented to the
public voluntarily -
direct analogy with
“green” H2)

14%

Source: What are Scopes 1, 2 and 3

o ()
0% 3/0 ng-/-om of Carbon Emissions? // PlanA
i Academy, 12.08.2020

(+)
= ==
% (https://plana.earth/academy/what

Product life cycle emissions -3 re—scope—1—2—3—emissions/)

Scope of emissions. Apple

<%

The importance of scope 3 emissions — Apple carbon footprint A.KoHonnaHuk. SHEPTETUKA-XXI.
Credit: Apple Cne, 17-19.11.2021


https://plana.earth/academy/what-are-scope-1-2-3-emissions/

_Geography of nuclear & hydro power stations and major area of gas production in
Russia (Nadym-Pur-Taz & Yamal) — proposed domestic production of H2 for export
would be deep inside Russia & will require long-distant large-scale transportation

.. of H2/MHM to the EU via existing RF-EU GTS to be deeply modernized

Ay e e = e _ QMATICH

- S OEMHEETF@H

Sl Concept of Russian H2 Strategy (05.08.2021) => four
territorial export-oriented H2 clusters:
North-Western: export H2 to the EU,
Eastern: export H2 to Asia,
. Arctic: zero-carbon energy supply systems for
N Arctic zone RF and/or export H2 & H2-based
Nan ST energy mixes,

1 K . Southern (based on NatGas & RES): close to
_ ‘—’g,peaiﬁnpm(a{g

] i
.,-*\\,ﬂ_,,'\.. ) ‘\H (_I(
i { R
'y £

S

e

 lleHuHipanfkan (2) P
Ay %

Sy

O Nuclear O Nadym-Pur-Taz & Yamal
O Hydro

* Large-scale LNG plants, acting: (1) Sakhalin-2;
(2) Yamal LNG; (3) Arctic LNG

Sources of maps:
https://www.gazprom.ru/f/posts/15/770293/map-yamal-ru-2019-
12-30.png;

https://ru.wikipedia.org/wiki/ATomHas 3Hepretuka Poccuu;

https://ru.wikipedia.org/wiki/Cnucok ruapopanekrTpoctaHumin Poc
couu: A.KoHonnanuk. IHEPTETUKA-XXI. Clb, 17-19.11.2021



https://www.gazprom.ru/f/posts/15/770293/map-yamal-ru-2019-12-30.png
https://ru.wikipedia.org/wiki/Атомная_энергетика_России
https://ru.wikipedia.org/wiki/Список_гидрорэлектростанций_России

I; '»:\'IJ-A‘I)ISTL?D%ZJNCD;ET% RUSSian Atlas Of LOW‘Carbon and Carbon-Free (*) Export_oriented H2 Clusters (acc_

Hydrogen and Ammonia Production Projects to Gov’t “Concept of Russian H2
(*) more & § A Strategy”, 05.08.2021): 1 — North-
correctly o /“ - Western, 2 - Arctic, 3 — Eastern, 4
would be: < — Southern
with low .
&
di::gf ﬁRegional Carbon Testing Sites
emissions (**): A -Yamal (“Seven larch-

trees”); B — Kaliningrad obl.; C -
Chechnya; D — Krasnodar kr.; E -
Sverdlovsk obl.; F - — Kuzbass; G —
Novosibirsk obl.; H - Sakhalin =>
to be expanded to 14 regions

(**) Ministry Education & Research
pilot project to create integrated
system GHG gases movements

33 projects in 18 regions, incl.:
25 - Green H2 (- wind, - tidal, - hydro),
5 - Blue H2

1 - Turquoise H2

2 - Yellow (low-carbon) H2

11 - incl. Ammonia
UEK: Blue ammonia

igreen Energy: Green Hydrogen
Region A.KoHonnaHuK. SHEPTETUKA-
ncy of the Amur Region for Attracting Investment: XXI. Cl—IB 17_19.11.2021
Hydrogen !

RTH-EAST ALLIANCE: Blue Ammonia

Clcan“E nergy: Green Hydrogen

"na

n+ Group: Green Hydrogen / Ammonia 29 Rosatom: Blue Hydrogen / Ammonia Source of basic slide:

Regior

30. Rosatom: Green M e
n+ Group: Green Hydrogen / Ammonia e e vopen ttps://minpromtorg.gov.ru/common/upl
e Sroup: Gieen tycragan / Anumonis 32. H2: Green Hydrogen oad/docVersions/6169d30a61364/actual/

. En+ Group: Green Hydrogen / Ammonia Per wa bav. Ka tony
24, H2 Clean Energy: Green Hydrogen 3312 Clean Energy. Green ydrogen Atlas_en_15102021_compressed.pdf



Decarbonisation upstream: some physical & chemical barriers to long-distant high-pressure
transportation & storage of H2 (acc. to Litvinenko et al, SPB Mining University) (*)
(1) Effectiveness of gas pipeline transportation is directly contingent upon quantities of the product, and thus on the density of gas.
As concentration of H2 in MHM increases from 10 to 90 %, density of MHM decreases more than four times.

(2) Energy obtained from one volume of H2 is 3.5 times less than the energy obtained from methane.

(3) Increase in energy required to compress 1 kg of MHM to raise the pressure by 1 MPa with increasing proportion of H2. While H2
content in MHM rises from zero to 100%, energy costs (work) are raised by around a factor of 8.5.

(4) Increasing proportion of H2 in MHM increases explosion risks of the MHM

(5) Export/storage of liquid H2: CH4 liquefies at atmospheric pressure and temperature below - 161.5 °C, LNG volume is 600 times
less than its gaseous form. H2 liquefies at atmospheric pressure and temperature below -252.87 °C, it reduces in volume by 848
times. (ii) The closer temperature of a substance to absolute zero, the more quantum properties (superfluidity, superconductivity,
etc.) begin to appear. (iii) Under same conditions and tank capacity it is possible to store or transport almost 5.9 times more LNG
than liquid H2.

(6) H2 has extremely high penetrating ability, its molecules spread faster than molecules of all the other gases in the media
of another substance and penetrate through almost any metal. Pressurized H2 is capable to escape even from airtight tanks during
long-term storage.

(7) Research into effect of H2 on metals has been carried out for decades. Back in 1967 in USSR scientific discovery "Depreciative
effect of hydrogen on metals” was made (N 378), however, the reactivity of hydrogen is still not sufficiently studied, whereas its
negative effects have already become a substantial technical issue (stress corrosion). Due to stress corrosion Gazprom replaced over
5,000 km of large-diameter pipelines.

(*) Within 43 items of RF Gov’t Action plan on H2 Saint Petersburg Mining University is mentioned as co-participant in 42 items

Source: Litvinenko V.S., Tsvetkov P.S., Dvoynikov M.V., Buslaev G.V., Eichlseder W. Barriers to implementation of hydrogen initiatives in the context
of global energy sustainable development. Journal of Mining Institute. 2020. Vol. 244, p. 428-438. DOI: 10.31897/PM|.2020.4.5



European Commission’s estimated costs of H2 production
by the key technologies (as presented in the EU Hydrogen
Strategy as of 08.08.2020) - and natural gas prices

Germany (2019): “excessive” RES electricity = 211 from 8760
hours/y => utilization rate (UR) = 2.5% => no ever economics
at such UR => to diminish production cost of RenH2 by using

= —TTF (04.08.2020 curve)  —BAFA zero- & /or negative-priced electricity will not work
m
% JKM (04.08.2020 curve) Japan Import 2020 2030
14 = A A 6
Cg * SMR w/o CCS ;o po’;ailn sharp C|OSt delireise of [ \ 4 \
enH2, large-scale market for Sharp learning
37 SMR with CCS electrolysers needed both inside & curve for Rent2 |2
beyond EU (“economy of scale” + (produced by
. . Renewable H2 “learning curve” effects: Wright’s, electrolysis)
30 Moore’s, Swanson’s laws) => 2X40 does exist 111 43
08.07.2020 (final) | GW RenH2 initiative => export of EU g
59 May 2020 (draft) H2 philosophy => cooperation on E 3UJ
RenH2 to market electrolysers
“Made in EU/FRG” internationally =>
2 bln Euro in German H2 Strategy to ’)
15 promote this model of H2
cooperation with foreign countries
7 M R 1
YN AN
= 3 ,.W
Absence of any learning curve for H2 produced
e e - I\ B IR from natural gas does not exist. Why - ???
555555338585 5555558385885552338838

Source: natural gas prices — Gazprom export; H2 costs — European Commission (EU Hydrogen strategy: dotted lines — draft version, May

2020; solid - final document, 08.07.2020)
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Approximate potential areas of
preferential use of key H2
production technologies in
Europe under state regulation
based on “technological 7.
neutrality” principles -
potential new competltlve
niche for Russian ~
gas & technologies
for H2 production - # =
w/o direct CO2 " F )

emissions t\a
Source: dashed lines - i
A.Konoplyanik, based on \

conversations with Ralf
Dickel; dotted lines -
Ukraine & North Africa
are added based on
“The 2x40GW Green
Hydrogen Initiative
Paper” Hydrogen Europe
study for illustration Fo~ Y A
purposes with the L.: ?_‘f —p
observation of this e T
author’s skepticism in
regard to long-distance
transportation of H2
produced in these
geographical areas

Map source: ENTSOG

B PZG wind )
~ «Clean» H2

P2G solar > (EU: «green»,
renewable H2)

Iy
\pP2G hydro

o _/
¥
P2G nuclear —
- _l
Pre-determined EU priority

Decarbonised (low-
carbon) H2 (EU:
«blue»)

Accepted temporary solution for the EU

Methane pyrolysis, plasma-chemical
A\ method et al w/o access 02 & CO2

- emissions ‘

«Clean» H2
(EU:

"‘\ MSR/ATR
Ve wm? plus CC(U)S

Mutually acceptable
(beneficial) long-term
solution RF & EU
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Alternative concept for export-oriented segment of Russian hydrogen energy economy -
based on clean H2 (w/o direct CO2 emission) from natural gas (Konoplyanik’s vision)

cO2 = a- Methane
«Cold Energy» Regaz LNG o EU Novatek, > N{¥=HIE pyrolysis

terminal (i.e. Gazprom LreS
Gate -

MSR+CCS Rotterdam)

liquifaction

Ships Pipelines Rosatom

100%

Marketing clean H2

Acting + black
depleted North

Sea oilfields

carbon

Local H2 markets
of island (coastal) |

Russia |

Methane tt
EU H2 valley-3 export to

(coastal 100% pyrolysis the EU in | economies Asia- |
- Pacific
Europe) ciean H2 | ga.seo.us Pipeline PA |_._._._._._._._I

O

gas export /..
.. /Q

& 4 I I I I I S B .
N N NN NN NN N S S S [ SN BN NN S % : (g
100% EU H2 valley-lI J] EU H2 valley-2 : 3 : "‘ Loca: H2 n.rarkets;=
(continental (continental . QD of continenta
clean AN E ) I | . AA economies Asial
urope .
— 1A i [ I AL J : 1/ Pacificl
L I I IS S . - e me mll I

I I CS at GTS (to be fueled by MHM produced at same CS by Gazprom- 100% :
I patented AMC technology) for transportation work e
"‘ | I H2 pyrolysis plant (energy supply to be fueled by MHM locally H2 :
& I I produced at nearest CS); methane from GTS — feedstock for H2 R ——
I | @ E:gdkiigdon w/o CO2 emissions; black carbon — by-product to be SHEPFETUKA-XXI. CMB, 17-
r

| 1011 72021



Thank you for your attention!

Disclaimer: Views expressed in this presentation do not necessarily reflect (may/should
reflect) and/or coincide (may/should be consistent) with official position of Gazprom Group
(incl. Gazprom JSC and/or Gazprom export LLC), its stockholders and/or its/their affiliated
persons, or any Russian official authority, and are within full personal responsibility of the

author of this presentation.
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