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The underlying premise of our approach is that an agent-
based model (ABM) that uses a flexible structure can
simulate market interactions and more particularly explain
the investment and production cycles. In other words,
energy producers have different investment / profit
maximizing functions and the heterogeneity of agents
investment matters.

The investment, production, and cash flow actions of
National Oil Companies, Independent Oil Companies and
Shale producers, operating in fields with different costs
affects energy supply and, of course, prices.

Our agent based, fuzzy logic model lets us to run “what if”
simulations by changing common language assumptions
(e.g., behaviour rule: invest more in shale if prices are
high/over $S60 a barrel; expand low cost oil & gas fields if
expected demand / price peaks in five years).

By using field level data to estimate agent investment
functions derived from heterogeneous profit expectations
we explain the differences of oil production of individual
agents and resulting market dynamics.




Heterogeneous Agents with Different geologies:
Invest Differently with Different production paths
that changes Market Dynamics, Prices Volatility

Unlimited low cost supply

Stable opaque governance Mature variable cost supplier
Respond to market surprises Markets close to supply chain

Sometimes critical budget Competitive market players
Some win and some lose

Profits, finance, value matter

balance
Few constraints, except location

Large high cost fields
Large diversified O&G supply Long lead times, long life

Close to market, Many not Many partners, less risk
Politics and finance barriers Stable supply to markets
Who manages JV projects & Cash flow matters
complicated supply chains




Heterogeneous Agents Affect Supply Curve

* Changing agent expectations / interactions and Investment actions
* Energy supply dynamics / feedback loops and price volatility
* Longer run investment decisions and oil & gas supply curve

Individual /
separate agent

expectations & Oil & Gas Supply Medium term

investments
>=<
ENERGY PRICES
Market Demand and
Government Energy MIX

policy
actions




Today’s Agenda:
a work in progress

S

Problem / Challenge

Current Framework / Approach

Hypothesis, NOT NPV profit maximization
The Data: Field / Projects and Agents
Agents with Different Investment approaches
Preliminary ABM / Fuzzy Logic Workplan
Does it Matter? YES



The Problem and

Challenges

What demand, What supply, What price?




Lots of Energy Demand
Scenarios that miss
the mark by a lot

K. Lindemer, IHS Cera

What Price?

What Investment?
What Demand?
What Supply?
What Future?

IEA Oil Demand Forecast by Vintage

Million bpd
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Oil Demand (MMbbl/d)
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Global oil demand forecasts vary widely

Uncertainties in policy choices, economic outloolk,
technology shifts, and resource estimates lead to large

wvariations in il demand forecasts
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Shifting Oil Supply

Cumulative change in crude oil production from 2008-2014
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2014 $/bbl

Oil Price Forecasting... NOT a smooth trend line!
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Price volatility:
boom and bust
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The Producers’
Challenge:

always market
imbalances

Match Production (blue) to
Consumption (red)

Invest with a long lead time
and constraints and adjusting
production

And with no coordination?

What price, what return?
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Current Frameworks
&
Literature

Market Equilibrium
and
Surprises & shocks

(IEA, Shell, BP, EIA... and
Killian, et. al.. and
Oxford Energy Economics



General Equilibrium Macro Structure:
Supply > =< Demand
IEA, EIA, OPEC, Shell =» huge data gathering and estimation
T
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Scenarios

and What IFs

Base case: Primary energy

bp
The fuel mix is set to change significantly...
Shares of primary energy Annual demand growth by fuel
Mtoe per annum
50% | 250
\ Oil ® Renew.*
40% 200 m Hydro
30% 150 Nuclear
m Coal
20% 100
m Gas
o) .
10% W 50 Oil
0% Nuclear Renewables* .

1965 2000 2035

*Includes biofuels

1994-2014  2014-3b

2016 Energy Outlook 14

© BP p.l.c.2016



Faster transition

The faster transition has a significant impact...

Consumption by fuel Annual demand growth by fuel
Billion toe Mtoe per annum
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Supply & Demand shocks (VAR models):

World crude oil production in monthly percent changes, 1973 -2016
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Ouarterly Shocks to WNWominal WTT Price of (il by Episode
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Notes: Fach oil price shock series is consuucted by averaging the monthly oil price expectadons by
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price ounwcomes. The policymakers” expecaton corresponds o the nnadjusved West Texas Intermediate
(WTTI) oil fumres price. The financial market expeciation is consuuceed by subtracting the Hamilton
and Wua (2014) risk premium estamate from cthe fumres price. The consumer expectation is proxied for
by applyving a nochange forecast o the real price of crude oil and adding the expecred race of inflation,
motivared by the resulits for gasoline price expectations in Anderson, Kellogg, Sallee, and Curtin
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Exogenous disruptions and OPEC / Saudi Arabia as swing producer

in thousand barrels per day, 1990-2016
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Politics again and again and again: Iran, Russia, Ukraine, Venezuela,

Nigeria, Brazil, Qatar, Saudi Arabia, Israel, US, and
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Whys of

Price

Volatility

Shocks,

behavior,
changed
expectation

% countries supporting lsrael.

1978- 1980: Iran outs
production and exports
during country’s
revolution. iran- Irag war
further decreases exports
from Middle East. Ol
prices incresse to $36 &
barred

1973-1975: The

Crgarisation of Arsb

Petroleum Exporting

Countries [OAPEC) imposes

an ol embargo against

O¥f peices increase from 53
to 512 a barrel

N>
\

Average Yearly Oil Price 1970- 2018

1980:- 1988: A
worldwede supply sa1s
in. The former USSR
and US were the top two
producers producong
more than 10 milkon
Darreds per day each,
Saudi Arabia raised
production as well, Oil
prices fall from S35 10
$12 a barred

F &P F P P

1988~ 1954: Od prices
remain in range as iran
traq war ends, then Irag
invades Kuwalt. Kuwait
cuts exports until 1554,
Pricos fall below S20a
Barred again

2000-2008: Ol prices
skyrocket towards
$100. The Sept. 11

attacks and invasion of
Irag rase concerns aver
global supply. Asian oil

demand, meanwhile,
rises to new highs.

»

2000: Oil prices rise
to the highest since
1981 due to

4 growing US and
world economies

00S: The global
financial crisis
causes a sell- off. Oul
prices plunge by

more than 30.0%
barred

< [ 9 &
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2010-2012: Riats
and protests from
the Arab Spring and
v Libyan cvil war
disrupt the region's
output. US impases
sanctions an Iran,
Oil prices rise from
$65 to sbove S1102a

2013-2016: Strong
production in the
USA and Russis
negatively pressures
ol prices. In January
2016 US Ifts
sanctions on Iran, OF
prices collapse to
lowest since 2003
{WTI Crude falls to
$26,00 a barrel)

4

4
2016-2018: OPEC and
non- OPEC producers
agree to cut dally
production by 1.8
mallion bameis. in May
2018 the US withdraws
from Iranlan nuclear
deal threatening to
Impose new sanctions
on ran. Oll prices
recover towards $70 a

barrel:n 2018
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Supply: Demand

Political tensions

Technology

Market players

Stagflation
Yon Kippur

OPEC, longer
contracts

IR up recession

Iran revolution

Alaska pipeline
North sea oil

Saudi Arabia
increase oil

New fields on

Iran/Irag, then
Kuwait War

Opec cuts,
cheating

Asian FX crisis

Russia Yeltsin,
slow growth

OPEC quotas

Asian growth

9/11,
Venezuela

Invest wind
parity ... solar

Saudi
production

Financial crisis

IPCC climate
Russia Crimea

Shale fracking,
Gulf rig explods

China gas
pipelines

Sanctions

Paris COP 15
Iran/JCPOA

Horizonal
drilling

OPEC, Russia,
Saudi, China



Limitations of
these
approaches

Simplified Shocks, Demand =\F Supply and Price Volatility models

What short / long Price expectations?
Supply chains matter with known bottlenecks (not surprises)

Lags in investment, production, decline rates by region, fields,

Endogenous actions of producers with different expectations

Changing behavioral actions of producers / consumers

Always politics and exogeneous producer surprises

NPV of investment...Not necessarily true of for all

Heterogeneous producer model
in non-equilibrium oil markets




Where to invest? What to Invest? When Returns?

Figure 2: Detrended investment in the oll industry
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NOT All Agents
Maximize
Project NPV

Modeling Complexity of
Agent Based Investment /
Production Behavior

WHY IS IT SO DIFFICULT To MAXIMIZE FIELD VALUE?

v All producers need to do is

MaxE 2, f1(Q)]

» Simple right?

» Allwe needto dois

+ model possible Q and costs at each point in
time, either assume we sell all of them or
model the inventory process,

+ solve for all producers and consumers
simultaneously with different parameters,

+ come at the equilibrium price and production.

» Heterogeneous producer’s, wells,
functions and expectations.
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Mikael Hook et al, Phil, Trans,R. Soc, A 2014;372:20120448
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Investment patterns

* |deally, an investment in positive NPV projects,...
But hard to calculate (many assumptions)

/

invest

NPV



The IHS / Vantage Field and Project Data

IHS data Costs (real) and NPV calculations
* Specific data of * Breakeven costs

* Discovery * Mean reversion

* Capex . _ hfl

« Operating costs Revenue — costs = Cash flow

P and Q history

 Taxes / royalties : _
Price assumptions

* Total costs * Discount rates
* Production over time * With and w/o taxes
* Price and Barrels * Oil & (Gas) and Shale

* Production (Q) and Price (P) over
project life



Investment patterns / cycles

* Investment = F (costs/breakeven, quantity produced. NPV estimate,
S:D balance, technology, and other factors, variables...)

 Sorting NPV and investment behavior (expected Price, Quantity, and NPV)

Quantity
H
Lower NPV because of costs
(deep water)
L
Lower potential and NPV due Q Not necessarily positive NPV,
Low High

Breakeven



Graphs

Oil & Gas
Field Data

Mean breakeven & scatter
diagram

CAPEX and Opex averages,

regional differences

Changing breakevens and
productivity

Different NPV / Investment
decisions by region

10,472 Qil projects that have
minimal gas — worldwide all
in production

From 1900 to 2020

Real IHS / Vantage cost data
(opex, capex);

Prices real from BP

Risk adjusted discount rate
5 % (plus inflation)



Mean break-even by country
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Capex and Opex averages

capex per barrel | /
opex per barrel

| | | | [
2
Africa Australasia C.l.S. Europe Far East Latin America Middle East North America




Breakeven scatter

cg([)l\(entional: breakevenprice (our calculation) by first production year
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Breakeven costs by region — RED Invest, Blue No

Africa Australasia C.I.S.
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Oil and Gas Production Costs Have Fallen

Break-even prices for representative new projects, 2014 and 2016

Full-cycle costs in Dated Brent terms (US
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, Capex, Opex
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NPV regions: P
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Regional NPV reversion to mean, logs
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Individual project NPVs

* Methodology: start each project from 108 097U
discovery year 4r ' ' '
* Assume: production and cost profile was .
known '
* Discount production and costs 3t
* For each year from discovery, calculate that -l
year’s NPV based on expected price (current '
price, so for 2010 NPV using 2010 oil price,
2011 etc..) 2T
* Plot NPVs, red line shows where actual 15}
development happened
* There were periods of positive NPV, why did h e
they wait? sl
* Main Problem: expect a different NPV — or |
production/cost profiles 0
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Investment

Cumulative change in crude oil production from 2008-2014

US Total

N W A O
illion barrels per day
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2012 2013 2014

Saudi Arabia

Net change for rest of
the world

© 2014 IHS

IHS/Lindemer

Event Hame

Conventional vs Unconventional
FID Ol Investment

+ When examining the committed
nvesirmant of the energy firms, there
i somathing nat exactly proporional
1o the ol price occumng

+ For conventional projects, the
expectations ofthe firms drives their
decmions to commt funds

+ Tha twe mest notable spkes
n convenbanals ane in 2004
and 2010

+ These years are in the middis
of upward price swings

+ Unconventionals, howewer, remain
very pre-cyclical

+ This makes sense considenng the
devalopment lag differences
between the project types
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Comparing NOT All Agents e Agents act differently

Invest to Maximize * Different investment and
OIL & Gas NPV? production behaviors
NPV Projects * Different expectations
and NPVs

and Shale

* QED




Modeling Complexity
I
Oil Markets

Why Agents
Matter

&
How Invest

Our Agent-based Fuzzy
Logic Approach



Building Producer module in Agent Based System

Mulki—agent Adap&c.ve.
Sjs Eern

world — global vartable: climakte, W\:Eabu.&v,
&cckwol.osv, economy

region: exrl.oro.&iou prebability, Local
chaoracteristics
module

Prod.ucer

I rri.cb\s

A fleld:
costs, dgrl.c.&too\,
rroducl:iob\




How Build
Agent Based
Model?

Complexity in Energy Markets:
» Stylized facts don’t fit!
e Agent changesin
investment and supply
Use Agent-Based Methodology
* Realism & Flexibility

* Medium range market
dynamics

Need for different modelling
paradigm
 Modular to deal with
different features
* Applies with
uncertain/noisy data
* Highly non-linear
interactions with
feedback loops




Heterogeneous Oil & Gas Agents — how many? 4-57

MENA Countries Non OPEC producers

Unlimited low cost supply
Stable opaque governance
Respond to market surprises
Sometimes critical budget balance

Mature variable cost supplier
Markets close to supply chain
Competitive market players
Some win and some lose
Few constraints, except location ~_ / Profits, finance, value matter

Price

&
Quantity

{u

Off-Shore
Russia and CIS Large high cost fields
Large diversified O&G supply Long lead times, long life

Close to market, Many not Many partners, less risk
US Shale

Politics and finance barriers === Stable supply to markets

Who manages JV projects & Low cost Cash flow matters

and short
timeframes

complicated supply chains



Possible Agents and Behaviors

Simplified agent / regions Differentiated agent behavior
* National Oil Companies . Geolggv (IHS data available)
. - - - production
Independent O|.I Com.panles _ decline rate
* OPEC and Saudi Arabia - investment
e RuUssia - reserves
* Shale Producers * Financial (many gaps)
- price
- costs

- cash flow (profits)
- fiscal deficit / other
- expectations

e other



Are agents so different?
(IHS well / field data)

Oil Production from Selected Regions Capital Development Spending (MMUSD)

'C.1.S." 'Onshore' 'Middle East' 'Onshore' 'North America' 'Onshore’ 'C.1.S." 'Onshore' 'Middle East' 'Onshore/Offshore' 'North America' 'Onshore'




Are agents so different?
(productivity and investment cycles)

Capital/Production Capital Spending per Year (adjusted for PPI)

'C.1.S." 'Onshore' 'Middle East' 'Onshore/Offshore' 'North America' 'Onshore' 'C.1.S." 'Onshore' 'Middle East' 'Onshore/Offshore' 'North America' 'Onshore'




?

Agent Cash Flow to Invest

(Revenue — costs = Free cash flow — capex)
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Invest IF Price over S50 a barrel....for xx years

Invest IF SS finance available and JV partners

Geology of
Fields
and Agent
Behavior

Produce More IF Price over S60 a barrel and
Inventories low

Hold production stable - Invest as fields decline

Produce more IF deficits grow




NEXT Our Simulated
Agent Behaviors &

Interactions




