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Arctic boundaries
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Exclusive economic zones in the Arctic Ocean
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External framework for proposed decentralized ssLNG
supply of the areas East of Urals & Arctic zone of Russia
=> potential ssLNG plants, locations for storing cryogenic
tank-containers & placements of cargo airships stationing
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Drivers of Russia-US cooperation through post-Soviet period

e 1990-ies (beginning of post-Soviet Russia)

RUS: Structural/financial crisis of economic transformation => RUS budget deficit => US-driven IMF & WB loans (to support
RUS structural reforms)

RUS: Access to capital = f (credit rating) => no/costly access to commercial debt financing => FDI in O&G => PSA as a tool for
economic recovery of non-oil regions through PSA CAPEX with stable/predictable legal regime in O&G =>
» Sakhalin PSA projects (incl. US Exxon — Sakh-1, Marathon, McDermott — Sakh-2) as few successful FDI (PSA signed before PSA law came in force)
e Shtokman “Arctic Star” consortium (incl. US Conoco) planned to operate at the field in 1993 — unsuccessful (license withdrawn to Rosshelf)
EUth Aclsess t)o US/Western technologies via FDI => US Eximbank (tied loans) + manufacturing firms (Haliburton,
chlumberge

US: Access to RUS vast O&G resources perceived as less-risky alternative to high-risky OPEC oil (different types of risks);
access to RUS market with US technologies & standards (to enable long-term dependence on them)

e 2000-ies & 2010-ies (until Crimea/Ukraine sanctions)

RUS: from project financing (FDI & PSA) to corporate financing (to channel foreign investors only to buy shares of domestic
RUS O&G companies)

US as a seller of equipment for recovery of RUS O&G => high oil prices, high revenues & purchasing powers of RUS O&G
companies (high price to compensate non-commercial risks)

e 2010-ies (post-Crimea/Ukraine sanctions)-2020-ies (nowadays)
* Russia-US non-cooperation, increased confrontation... sanctions prevented Arctic development, stipulated “import

substitution”

* BUT: in front of high common danger => US-Russia-KSA cooperation to overcome oil price war of March’2020

e Further on (sometime in the future) ???
* Russia-US areas of common interest above areas of disagreements [& confrontation?]: joint technological developments for

(joint?) Arctic development (Soyuz-Apollo effect)

* Whether it is possible?

A.Konoplyanik, Columbia University, SIPA, 16.11.2021
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Distribution of licensing areas in Russian Arctic — and dividing line (by water depth) for

implementation of technological sanctions
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Arctic offshore: different sanctions’ effect for shallow and deep
water areas :

 Available achievements of evolutionary STP (cost decrease within
“learning curve”), mostly available Western technologies & know-how

* Mostly artificial islands (man-made island, gravity island, ice platforms,
caisson footing) or gravity platforms (in low-ice cases) + sub-sea
production facilities

 Different investment regimes (PSA vs “tax plus royalty”) provides for
different economics of the same technological solutions

 Sanctions has delayed/postponed possible continuation of
development of shallow waters of Russian Arctic with the help of
Western/US technologies (f.i. break-off Exxon-Rosneft Arctic JV)
=> but they thus postponed possible ecological threats & damages &
costs overruns



Arctic offshore: different sanctions’ effect for shallow and deep
water areas :

* Existing technologies for Arctic shallow waters are not appropriate & not
adaptable for deep water development — technological breakthroughs are
needed

* There are no available technologies anywhere in the world today for safe
development of deep water Arctic offshore

* Revolutionary STP is badly needed => justified demand for post-sanctions
international cooperation in Arctic development; to start with joint, incl.
interstate, fundamental R&D

* Sanctions slowed the speed, narrowed the scale, postponed the beginning
of development of deep water offshore projects. Though thus they have
lowered ecological risks & presented “window of opportunities” for
adaptation of long-term state energy policy with the aim to reconsider risk
level of non-pay-back of costly capital decisions & of possible
changes/adaptations of priority trends in energy development



Western sanctions against Russian O&G - or against Western
companies themselves?

e Today all Russian Arctic offshore developments have been concentrated within the
shallow nearshore areas. They are based on technological achievements of the
evolutionary STP which have been adapting to these conditions either Arctic onshore
(artificial islands) or Northern offshore (stationary platforms) technologies. As usual,
existing Western technological offshore O&G decisions/solutions have been adapted to
conditions of Russian Arctic, incl. by secondary use of stationary installations (double
profit for Western producers/suppliers).

* Forinstance, “second life” as upper derick (after deep modernization) in the Arctic shallow waters:
* Former Hutton platform (North Sea) for Prirazlomnoye project in Pechora (Barents) Sea, or
* Former Molikpak platform (Sea of Beaufort) for Sakhalin-2 project (PA-A platform), or
* Former Glomar Beaufort Sea 1 platform (Sea of Beaufort) for Sakhalin-1 project (Orlan platform).

But such solutions do not work for deep Arctic offshore developments.

* Western sanctions is a “shot in one’s own foot”: they have closed prospective for the
West Russian market of shallow-water Arctic projects, which is a destination/target
market today and in the future for existing Western technologies (incl. their re-use), incl.
within joint development of Russian Arctic offshore (which has been priority for Rosneft)

A.Konoplyanik, Columbia University, SIPA, 16.11.2021
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Evolution of offshore O&G production technologies

* Piers

Adaptati f cpe ey
aptation © e Artificial islands

«onshore»
technologies * Directional & horizontal directional
drilling from the shore (DD/HDD)
e Stationary/fixed platforms
* Piled,
* Gravity
Specially * Semi-submersible platforms & ships
developed * Anchored,
«offshore» * With system of dynamic positioning,
technologies « Autonomous fields/plants (LNG)/FPSU

e Sub-sea production units
e ..?77
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NOT
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Source: A.KoHoONNAHUK,
B.by3oBckui, K0.Monosa,
H.TpowwnHa. Bananume
AHTUPOCCUMNCKUX CaHKLUMWN Ha
0CBOEHMEe HepTeErasoBoro
NnoTeHLUKWana POCCUINCKOro
apKTn4yeckoro wenbda - u
Pa3BUIKMU 3HEPreTUYecKom
nonnTUKM Poccunn. —
MockBa, «Boctok Kanutany,
HoAbpb 2015, 106 c.

CoctaBneHo B.by3osckum, H.TpowwnHon, HO.MonoBow no AaHHbIM
http://www.offshore-technology.com; http://www.subseaig.com;

http://www.eia.gov




Development Arctic offshore — key today’s technological solutions
(Skolkovo Energy Center’s view with comments)

“Development from the shore (HD/HDD)
Artificial islands (with water depths up to

eters) (*)

Sub-sea production units linked :

* To the shore (if the field is relatively close to the shore)
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BUT: olikpak/PA-A (Sakhalin-2)

http://www.ngtp.ru/rub/5/68_2012.pdf )
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Selection of offshore technologies dependent on water depth (within
conditions even if partly close to conditions of Russian Arctic offshore)

Ilnagvgas
Crcrema VCTaHOBKA J14 Cramuonapnas Cranmonapuas Hacemuoi bypenne
NOJEOJHOTO OODEITH, XpaHeHHS nnatdopMa mnathopMa [ HCKYVCCTEEHHELH HAKIOHHO- Source: A.KOHOMAAHMK
FAKAHTHEAHHA H OTTPV3KH HedTH TPABHTANHOHHOIO  CERAaHHOrO THIIA HAaTIPABIEHHBIR T ’
ckBazmH (SS) (FPSO) THIIA (BaHH c bepera B.by3oBsckun, HO.Monosa,

H.TpowwuHa. BanaHue
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200 L [ ] NnoNnTUKU Poccun. —
= MockKsBa, «BocTtok Kanutan»,
g 250 o Hos6pb 2015, 106 c.
=
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100 . Similar conditions with Russian Arctic offshore have
. only 5 US projects in the Sea of Beaufort.
450 . .
Norway (incl. in Barents Sea), UK, Canada have not
>0 ¢ such a severe conditions which are non-comparable
220 with Russian Arctic offsshore

@ - MmopcKne wenbgoBbIe NPOEKTbI

& - npoekTbl ¢ apKTUYECcKoW nefoBoN 06CTaHOBKON, aHaNOrMYHbIE POCCUNCKON ApKTuKe

CoctasneHo B.bysosckum, H.TpowmnHoi, KO.Monoso no gaHHbIM odULMaNbHbIX OTYETOB KOMMNaHuKn BP, opumumnanbHoro Beb-caita Hopsexckoro HedgraHoro iupekTopaTa
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CpaBHEHHe OCHOBHbLIX NapaMeTpoB OTAEJ/IbHbIX MOPCKHMX IFa30NpoBO40B
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Tree types of cost curves (1)

“Economy of scale” effect

USD/boe

a

Standard (arithmetic) scale

1 (ll

“Learning curve” (“experience curve”) effect
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Three types of cost curves (2)
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«Learning curves»: Evolutionary & Revolutionary STP

A: Evolutionary
STP (moving
through the
learning curve for
the given
technology)

B: Revolutionary
STP (moving from
one to another
learning curve by
breakthrough
technologies)

USD/boe

~~.--

B-8

(w/o time lag in commercialization t

of each new technology)

Offshore production technologies:

B-1: piers (supply lines from the shore), HD/HDD from the shore
B-2: artificial islands

B-3: stationary/fixed platforms (piled, gravity)

B-4: semi-submersible platforms, anchored (TLP)

B-5: semi-submersible platforms & ships with dynamic positioning
systems

B-6: FPSU, floating LNG & regaz plants,

B-7: sub-sea well completion/sub-sea production units

B-8: non-platform sub-sea/sub-pack ice offshore production of full
cycle ???

| e@

38 & & 5 B B B B B 1 B-8

USD/boe

Water depth at the field, meters
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Development in Brent breakeven oil prices
USD per barrel
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In Russia robots are developed to work at the water depths up to 6 thousand meters

* Moscow,. 20.07.2016. INTERFAX.RU — Bureau “Rubin” has created autonomous unmanned underwater
vehicles (AUUV) for special tasks at deep water depths.

* Created complex of mobile AUUV “Yunona” which can obtain survey and exploratory mission at the water
depths of up to one thousand (1000) meters

* Prototype model of AUUV “Klavesin-2R-PM"” can obtain survey and exploratory mission at the water
depths of up to six thousand (6000) meters is constructed and has been passing preliminary testing phase

* Source: http://www.interfax.ru/world/519565 (20.07.2016)

In the Arctic deep-water division has been deployed which will undertake not only
defense but also non-defense tasks

* At the Nothern Navy deep-water division has been deployed. It employs small-scale nuclear deep-
water stations (SSNDWS) capable to work at the depths of up to six thousand (6000) meters. It also
employs submarines-holders of such SSNDWS, and a number of robotic underwater complexes.

e Source: https://nangs.org/news/technologies/v-arktike-razvernuli-glubokovodnuyu-diviziyu-kotoraya-budet-
reshat-ne-tolko-voennye-no-i-grazhdanskie-
zadachi?utm source=newsletter 1210&utm medium=email&utm campaign=n-d-n (11.04.2018)
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Russia will create in Arctic a drilling sub-sea complex for geologic exploration

* Moscow, 03.08.2018 — RIA Novosti. Russian shipbuilders will before end-September 2019 construct
prototype model and will test drilling complex for deep-water geological exploration at the see-floor of
the Arctic Ocean ...

* The project was ordered by Rubin Central Construction Bureau — one of the world leaders in submarine
construction & leading Russian shipbuilding bureau of underwater technics. Drilling complex is to be
placed at the research (scientific) submarine as technological equipment for deep-water geological
exploration in the Arctic seas. Complex destined for drilling wells up to 5 (five) meters depth in soft and
packed soil, and also up to 0,25 meters in rocks, and for collection of core samples.

* The works are undertaken within State programme “Development of shipbuilding and technics for
offshore fields exploration for 2013-2030". To Autumn 2017 were prepared characteristics of unique
robotic complexes able to conduct fully autonomous underwater and under pack-ice exploration &
development of O&G fields at the sea-bottom of the Arctic Ocean: energy system for autonomous
energy supply of technical facilities for sub-sea O&G fields development, ..., underwater drilling complex
to fulfill all set of works for sub-sea construction of exploratory & exploitation wells.

* Source: RIA Novosti https://ria.ru/science/20180803/1525904388.htm| (03.08.2018)
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Conclusion

* Arctic is a common space with high natural sensitivity — same as climate,
it has multinational consequences of individual nation’s actions in Arctic

* Arctic increases our interdependency among other similar facets

* Like “Broader Energy Europe” is expanding to “Common Eurasian energy
market” united by common fixed immobile capital-intensive long-distant
diversified large-scale infrastructure => the fundament for interdependency

* Technological cooperation in R&D (technology, ecology, climate,
economics, ...) to minimize negative effects on Arctic with continued &
expanded involvement of its resources for sustainable economic growth
& humans prosperity

e Deer offshore Arctic not as area of potential military conflicts & zone of
military threats (area for nuclear submarines) but for non-defense
technological cooperation & mutual economic challenges



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.

Note: Research is undertaken with financial support of Russian Foundation for Fundamental Research (RFFR) within the project
“Influence of new technologies on global competition at the raw materials markets”, project Ne 19-010-00782
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