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Past & modern paradigm of internationanergydevelopment:
three classics (according #.Konoplyanik

Marion King Harold JeanMari
Hubbert Hotelling Chevalier
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World Energy The Change of Paradigin

- Hubbert peak (curve) - Economic growth - Technological progress, - Four stepsn departure from oll
- Hotellingrent (theorem)  (industriattype) incl. US shale revolution = - Energy efficiency (delinking E&iost
- Chevalier turning point - Population growth =>Hotellinganti-theorem industriattype)

Future energy resourcesore costly & limited (depletion - COP21 (upper limit/femissions)

rent) => lowcost win more rent, higitost delayed Future energy suppless costly & plentiful (partly not in demand?) =>
competition among suppliers increases =>oust win, highcost cutoff

A Pasticurrenta LIS 1 2 dzLJLX @ ¢ From Currentto Futured LIS 1 RS Yl yRéE

t

Supply,

Demand

Demand




Current Paradigmaf International Energipevelopment

APossibIe, thoughn a rather distanfuture (at least post 2 global invest
cycles)jf any atall, supply side limitationslue to dominant non
renewable character of energy resource base =>

AdHubbertQ@ dzZNIJS €. 0 MYpR. mcmducf'olj cuveSfér homenewable
NB&2dNDOS SEGANDIAGKSEREERLISIH |

AdHotellingNXzt S ¢  dhe ibtarenv@aluebf Fpssilfuel in-situ increasedy the
value of the current interest rate within thEeme-frame,

ABUT both theories:

A did not consider possible demarsudelimitations §.i. due to environmental
O2ZY&ARSNIUAZ2YAa0LE I'H CANBU_ 6 £ NIA:;
respond of ShA.Z.Yamani { U 2yS |13S OlFYS (2 Fy S
auzySaXe

Aworks for increasing future cost & value ofsitu nonrenewable energy
resource within timeframe, at least during postChevalieQBreakingLJ2 A V
period(since early 1974)35)



Marion King Hubbef19031989)and his curve
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Aut hoeoc®nomic I nterpretation of Hubbert

J

Peak of AHubbert s Deep horizons, deep offshore, Arctjc,
\ . . shale gasCBM, CSM, CMM,
curveo 1S a:>[ P eds wo biogas, gas hydrates, etc.

investment cycles away
~ Gas__=| ~
T : , Deep horizons, deep offshore
_ Hubbert's curves . Arctic, heavy oil shale oil tar
g oil » 1 \ sands, GTL, CTL, XTLé
3 \
;: : / Primary source (basic figure (*.Konoplyanik Energy
= \ = \ Security and the Development of International Energy Market:
¢ (pp. 4#84), p49.1 in: Energy security: Managing Risk in a
E ~ ~ Dynamic Legal and Regulatory Environmeid. byB.Barton
g - ~ C.Redgwell A.Ronne D.N.Zillman. T International Bar
@ @ @ Association / Oxford University Press, 2004, 490p.
1859 - (*) later reproduced in #fF
p > 2 “ Gas (ECS, 2007, p.53), where this particular basic picture is
Non-competitive Competitive taken from
*"“{}?’ Legend:CBM = coalbedmethane (fronunminedrock),
compatition Non-competitive frmpetiie CSM =coalseammethane (from active coal mines),
u , . CMM = coalmine methane (from abandoned coal
|:> Shift of “Hubbert’s curve” in the foreseeable future due to economic and technical factors mines), GTL = gago-liquids, CTL = coatto-liquids,
Conventional oil and gas reso urces as of today XTL = biomass to liquids
Unconventional oil and gas resources as of today which will become conventional ones in
the future
The mankind will not reach HuDbBWGRINMESTVMENTECAE.ES (1hi noviels t& cgyacsl ealt=

commercial technologies which shall pay back full CAPEX in their RE®E8bmmercial utilization before they will be substituted by
new technologies of the new invest cycle which today stays at RD&D stage and thus predetermifféavbs@/cle)




HaroldHotelling(18951973)and his economic rule regarding natural resource ren

n . \ pl'iC e

4 ; oo ; ;
Price P of oil rises, enabling more expensive

substitutes (backstops) to come on-stream

1 e
\ 7 iofuels.
. electric transpo
h?tellln(g) ",',:e fischer-tropsch -
Pnr = Pnre
] ] ¥ PO B
Hotelling Harold (April 1931). "The nr
economics of exhaustible resources" Market supplied by Market supplied by
. - > -

Journal of Political ECO”Omy. The non-renewable resource backstop
University of Chicago Press via >
JSTOR39 (2): 13%¢175. Tar Tme

Source (basic graph)iehaKhanna On the economics of narenewable resources; in:

Economics Interactions With Other Disciplines
(http://www.eolss.net/ebooks/Sample%20Chapters/C13/E503-01.pdi)
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http://www.eolss.net/ebooks/Sample Chapters/C13/E6-29-03-01.pdf

PUTTING A PRICE ON LEHA
ENERGY SHEPI'MI

PUTTING A PRICE ON
ENERGY

g ENERGY CHARTER SECRETARIAT g 1 ENERGY CHARTER SECRETARIAT

CEKPETAPUAT IHEPTETUYECKOW XAPTHM

http://www.energycharter.org/fileadmin/DocumentsMedia  http://www.energycharter.or

IThematic/Oil_and_Gas_Pricing_2007_en.pdf g/fileadmin/DocumentsMed
a/Thematic/Oil_Pricing_201

1 en.pdf
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Hotelling  Rents

of Non -Renewable Energy Resources: Ricardian vs.

Pricing

Supply curve
(cost of supply

Ricardian rent + Hotelling rent = Resource rent
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Hotelling rent

Costoriented prce\__Demand curve

Under influence of producers

Ricardian rent

>
Volume

PC1

PC2

(Production capacity limit)
entral Asia: new pricing mechanisms within FSU & prospects for

/[ Lecture at the Center for Energy, Petroleum & Mineral Law & Policy

Source: A.Konoplyanik. The EU, Russia
alternative gas supplies to the EU
(CEPMLP), University of Dundee, Dundee, Scotland, UK, October 14, 2009



Corridor of cut -off (affordable) prices for producer & consumer (simplified)

NBRYV price =
upper investment
price (upper long
~term limit)

USD/bbl, USD/MMBTU




Corridor of cut

USD/bbl, USD/MMBTU

- off (affordable) prices for producer &
consumer (detailed)

Ma in\um affordable price for )
consumer

Upper price is more flexible

indexation

N -0

CAPEX+OREY

_ Rest of long
Investment period| tarm contract

+ pay-back period | qyration

Y

than lower price=>demand for

Spot / futures
prices

(current trade
price)

Costplus price
(lower investment
price = lower long

term price limit)
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Mechanism of defining replacement fuel and upper investment
price within under - and oversupply expectations

OELISOGl GAQppvE2 F G LISENWISOGL (A eyhanET & LIS
ADemand for energy resource  ADemand for energy resource

ABOVHts supply=> BELOWts supply=>

AUndersupplyof given energy  AOversupplyof given energy
resource== resource=>

AReplacement value (upper ~ AReplacement value (upper
investment price), in competition  jnvestment pricg- in competition
BETWEEMIfferent energy WITHINsupplies of given energy
resources (with suppliers of resource (between suppliers of
different energies) given energy resource)

Alndexation{given energy resourcedl. vy RSEF GA2Yy a3IADS
vsOTHERS Y SNH & KRF@ 2 dzdldametenergy resouré&0OM

vs coal; gas vs crude oll/petroleum ANOTHER dzLJLJf ASNE o3
products
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Resources Vs Reserves: geology, technology, economics, politics

(¥ Volume?

(4) Politics
(reserves access to
which is permitted /
open by host statg

(B)

/

(1)

(2)

(3)

(4)
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Two types of technological advance (STP)

Revolutionary advance
(technological breakthroughs) ‘
Brand new Fertilizer Multipli '

innovations effect ler effect

Evolutionary advance (improvements >

of existing technologies) Based onA.Konopyanik
The US Shale Gas

Economy of | earnin Revolution And Its
4 J Economic Impacts In The

scale effect curve effect Non-US Setting: A Russian

Perspective (pp. 6506).1
I n: AHandbook of Sha

Law and Policyo/ ed.
Tina Hunterntersentia
2016, 412 pp.

1 + 2 => Multiple domino effects
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STP: ALeaawmrnwvegso & the role of State
¢ : evolutionary technological progress (learning curves)

B: revolutionary technological progress (technological
breakthroughs)

C: State financing of RD&D + economic
stimuli for commercialization of innovations

D: investment stimuli to increase
competitiveness of investment projects

(from direct tax effects => to direct +
Py \ 0 indirect + multiplier effects as criteria for
Slatelcueey Shorter duration of invest
cycle (money turnover) +

cost diminishment (shorter
CAPEX pay-back period)
/
e.g. US State long Q
term fundamental

RD&D funding, |
incl.in shale, since e.g. EU RES

1977 AEner@y development (state
| ndependegissme O subsidies non
Programme dependent WTO rules) 18
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J.M.Chevalier = about turning

point of the trends

ARl n the fundament of

hypothesis that in 1970971 the earlier trend of

O u

diminishing marginal production costs in petroleum

iIndustry has changed to their growth, at least in
exploration of new fields anal 1 |

early to prove this theory through the quantitative
analysis. In the given research we have tried to provide
d¥2essment

|l ts gener al

(r-Ll . zJ90dg Jwiswo
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JeanrMar | Chevalil er and

_ Hax-Mopu Llebasse

HEDTAHOM
KPH3HUC

JeanMarie ChevalierLe nouvel
enjeupetrolier Paris, 1973
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Impact of revolutionary and evolutionary STP on changing
exploration and production (E&P) costs for conventional
hydrocarbons in the period of growing marginal costs (after

OChevalierdos Dbr e tatei 196 -ie o/ iearly 41970 -ies)
G neutralising/diminishing/ S 3 | i’J)\éSI' S¥TTSOug 2¥ UKS Yyl 0dz
/

RevolutionarySTRovercomesoverweigh3y $ 3+ (i x 68 STESOGa 27
@ factor which leads to &emporary) reduction of margihal and average E&P costs
/

EvolutionarySTPRslows down the growth of marginal E&P cgsiiss

US dollarstonnes of coal equivalent

(barrels of oil equivalent

/
W/ KSOIt ASNQa b N

late 1960-ies/early1970ies
(J.M.Chevalier1972)




Conventional

USD/bbl

Costplusunconvent HC
prior to revolutionary STI

VS. unconventional energies & cost

USD/bbl

-plus vs. NBRYV pricing

\Worsening of
natural
conditions

(post 197071)

Evolutionary STP
(nutrition effect+
learning curve effect)

Revolutionary

Revolutionary STP

diminishes costs which transfers

NBRV conventdC(+/-

.

Costplus convent. HE (aftg

revolutiona P =former

unconvent HC

.

Costplus convent. HEL

unconventional
energies into
conventional ones

4

Costplus convent. HE (after
EVOIULIOI F—1ormer
unconvent HC

."

U

Costplus convent. HE1

l after evolutionary ST

jII

Evolutionary STP s
increase post 1970-71 (Chevalier)

ows down cost




Oil & Gas: No limitations from resource base (greetings from Yamani)

0il and gas original
in place volumes
45 trillion boe

80% of the world's
technically recoverable

oil and gas is found in

the Former Soviet Linon,
Morth Amenca, South and
Central Amenca and the
Middle East.

Morth America 16%

Africa 5% ————
Asia-Pacilic 11%

o _41.
’

Former __
Soviatl Linon 16%

South and Central
America 15%

Middle East 34%

PRR =1.7 TBOE = 3.8%

"Uncomaentional oll and gas includes:
shala oil, oil shale, tight od, oil samds,
shala gas, light gas and coalbad
methane.

Source: BP IHS Energy

Annual world ol
production: 90 min b/d

85% of today’s
technically
recoverable
resources ane from

T

2.0 trillion boe
Cumulative production
to 2014

4.8 trillion boe
[echnically recoverable
rEsOUrces

conventional ail
and gas.
Uncomentional’
ol 12%
Uncomnvantional
— gas 23%
_ Comvantional
ol $1% |
L Conventional
gas 24%
RMiIssydzed € :

http://www.bp.com/content/dam/bp/en/corporat
e/pdf/bptechnologyoutlook.pdf



Estimates of technically recoverable
resources and cumulative oil demand

Trilhon barrels

] MGoGKojSmisoBRY syj dzs

28 r Europe Bdeso r J BJ:dZO[T{JfU d dLod
4 oj Mztemr dzjWilsd ftcjdrh Osls
2.4 + Asia Bl jd3 dOC s dzj dedes@ts M tots
20152035 G6¢. o 3. 7| ©OL d
20 S&C America 20152 050l oac @. tcOL G) s5C OL Oc
c{LadZJQG)Jd:sraJ ZGZIJ'G)cfr]fl 3 ©.C
1.6 F ’ . | dzlizts
"o ) )
1.2 ﬁ’“<_q) "mto e ~ o 0 0 h ~
cC *m Spencer Dale,
08 L Group chief economisBP
' Energy Outlook2017 edition
Middle East (http:// imemo.ru/files/File/ru/
0.4 r conf/2017/07022017/070220
17-PRZEO17#Presentation
0.0 Spencer%20short.plf

Technically
recoverable resources

i d = P T T
20717 Energy Cutiook

Cumulative demand



Cost par barral of cll aguivalant (3/boa)

Technology advances will change the relative cost competitiveness of resource types

Tachnically recoverable volumea (boa)

Data excludes natural gas hydrates and deep coal.
source: BP.

lechnology Improverments

to 2050 will enable us
covVer more urces thar

we can today

|i.:LJ'II'I.J"ZiZ_.:'y' nnovaton will enable

Us 10 access resources maore cost
ma|or Impact on uncomnventional

resources that today are |IQ 1

cost and complex to recover.

RMiIssydzed € :
http://www.bp.com/content/d
am/bp/en/corporate/pdf/bp
technologyoutlook.pdf
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First top - 10 states with highest technically recoverable shale
gas resources (acc. to EIA DOE)

A Globally Distributed Resource

Algeria

Canada

Australia
South Africa
Russia

Brazil

L
th

10 15 20 25

g

Technically recoverable shale gas resources (trillion cubic meters)

Source: Erergy Infomation Administration

Source http://www.technologyreview.com/news/539366/whisréhe-globalshalegasrevolution/



Conventional gas reserves Vvsshalegas resources

Big supplement to supply

Estimated shale gas in relation to conventional gas reserves
Technica Ity recowerabls shale gas rescurces. top 1S countries (irillian cubic feet)

Technically
recoverable {~
shale gas
resources,
top 15
countries,

\I;illion cu ft/
O

Just to
compare the
order of the
figur e

China, Argentina, MeXICO¥™S0Uth Africa, Canada, Australia, etc. =>

New players at the world gas map? When & at what cost?
Based on: AFinanci al T-25m@ik20l12shal e gas series, 22



A Vol umwfeshale gas resources, potentially, is sufficient to radically change
gas mar ket . | f you can (KEnarcialdimds) t he me o

USA, Argentina, Mexico,
South Africa, Australia,
Canada & Libyashale gas

resourcesn each of them
potentially exceeds gas
/ Argentina ] reservesof the fourth
[ . | largest natural gas producer

Mexico | ¢ Saudi Arabia

Russia China Iran

Algeria

[ Saudi Arabia]

/4

Source:

AFi nanci al
Ti mes o,
09.12.2011,

with reference

to EIA, CIA

World Factbook

Technically recoverable

Proved recoverable
resources

reserves




Role of US state financing in stimulating nUS
(based on MIT study)

Revolutionary Investment
advances (state l stimuli (state
spending) concessions)
Evolutionary advances

(learning curvep

(industry spending) 1

=

2

i
Lni

3
5

ha
=
AnnualShale Gas Production [ Tef)/
Tax Credits [5/Mcf)

Fd
Lri
1

&

=i
i

Annual Program Budget
{Millions of dollars in 1999 dollars)
=

P e g g e g g pem g g e g e g g e g g e pe—

B Shale Gas Production N DOE Spending I GRI Spending

LYRSLISYRS {2dzNDS 2F (KS 0 aARD&D SpandihgR\SupBoktisgdNBy v oM &/ .
a S OK | yfiod Yhe Euture of Natural Gas. An Interdisciplinary MIT Study,
2011, p.163; Figure adapted by this author

Programme=>
19772007 = 30¢



EU shale gas: where overestimated expectations came from e (¥

EU Shale-Gas Reserves Cover 28 Years of Consumption

Shale Gas Reserves in Years of 2012 Domestic Consumption
Source: US Energy Information Administration, Bloomberg

EU Total Germany  Spain UK. Netherlands Spain  France Bulgaria Poland Denmark  Sweden

it should be noted that US DOE EI A has been publ i
shal e gasbute smaitr cietsso i asenentionedd\stioe awhors of the ditesl siticle
since Areserveso presents only a portion of a broac

R M Is s ytdgof/Avivw.bloomberg.com/news/articles/20Q8-19/europehas28-yearshalegasrebuff-to-russia
chartof-the-day



Shale& traditional oil: key differences of investment cycles

Traditional

Fixed costs (CAPEX) to total cost Low High

Variable costs (OPEX) to total High Low

costs

Economic lifecycle, years Short (23) Long (1015+)
Time lag between FID &3loil Short (weeks) Long (years)
Responsiveness to oil priflectu- High Low

ations(shortterm price elasticity)

Type of rent extracted Technological rent Natural resource rent
(economy of scale)

Daily production/well decline High Low

How this type of investmentcycle Sof t en / f s h @uidk a b Intensify(delayed
influence on price volatility invest effect) invest effect)

Key producers & their financial  Small & medium independents/not robu: Majors/robust (enough
characteristics enough (laclof cash to finance from cast cash to finance from
flow, fully dependent of deldtnancing) cash flow)

Financing (pr oj Conveyer/standardized (each project de Art (each projectieal is
is typical), easy going unique), sophisticated

Developed by this author ,based , inter alia, 8tDale(BP Group chief economist). The New Economics of Oil. Society

of Business Economists Annual Conference, London, 13 October 2015, p.7; (*) terDatd
A.Konoplyanik, CEPMLP seminar, Dundee, 12-13.02.2018



: . i b
US oil output had been declining since early July, {::;

yet still was 260 kbd higher y-o-y in end-September

Units Kbd
1610 - 10,000
1600 |
9,610
1,400 4 ss00
1,200 |
___---7»39098 go00
1,000 | 8837---1TT [~
- 8500
200 |
646
614
600 L - g000
lan 03, 2014 apr 03, 2014 Jul 03, 2014 Oct 03, 2014 lan 03, 2015 Apr 03, 2015 lul 03, 2015 Oct 03, 2015
I OIL RIGS, total Field Production of Crude Oil (RHS)

Source: EIA. FIRA
SourceV.DrebentsovOil Market Update, October 2015. IMEMO Worksho@®r esent ati on at t’he semi nai
prices and its consequences formaeroonomy and o i Iwithen€axumodMEMOB P RufsQ@iila 0& Gas
Di al ogueo, Mos cd.n.2015dideMO RAS,
(http://imemao.ru/files/File/ru/conf/2015/21102015/21102015 PRZ_DRE.pdf)



US new-well production per rig {:}

450
—Gas Oil

400 /

350

300 V_/

250 /

200

150

100
b0

2007 2009 2011 2013 2015

g

SourceV.DrebentsovOil Market Update, October 2015. IMEMO Workshog®r e sent ati on at t he seminar AkLow
macree conomy and oi Iwithen€aumdMEMOB P RusQ@iila 0& Gas Di al og 21106.201598li0les8c o w, Sé ME MO

(http://imemo.ru/files/File/ru/conf/2015/21102015/21102015 PRZ_DRE.pdf)
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SourceBielenisVillanuevaTriana(Shale AnalystRystadEnergy). Impact of North American Shale Development.
Presentatof Ext r act . fAUnconventional Oil & EOR Russia Conferencec



