®© 00 & 0 ©

Fracking, Cracking and the Mass
Balance of TPE precursors
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Specialized in Volatility
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* Spin-off from project DSM — Eindhoven University.
 DSM gained substantial, a.o. extra market share,
security of supply and buying cheap.

» Forecasting based on Stocks & Flows, Supply

Chains, Economics. :
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The Flostock insights are being picked up:

First PhD, in Eindhoven;

Part of curriculum at MIT, Wharton :
_ 2nd coming

and at least 6 European Universities.

Eindhoven
@W}lart()ll N ——— I U Ie University of Technology
UNIVERSITY Of PENNSYLVANIA II I Institute of
S 5B UNIVERSITY OF
2 afinns FT <P CAMBRIDGE
Described in the FT and
Called best practice by McKinsey FiINANCIAL |CIS Chemical News
Mchkansey & ompany HIMES
LEUVEN $ m
Rabobank
BANQUE DE FRANCE ) E[‘g—,
o DSM 5= First scientific article published;
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Modeling Pork Cycles

Capacity

* In case of Capex with long leadtime.

« Several publications with TU/e in progress

* Applied in Housing, Food, Semi-conductors, Chemistry, Agro.
flostock  1as2017 TU /e &g,
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Example: Pork Cycle

Red = detrended price cycle pork in

1965 Europe. Blue is model price.

2018

ﬂosf[&@,c,k 14-3-2017 7



®© 00 & 0 ©

Fracking
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Fracking

Fracking &
Horizontal drilling
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Fracking revolution in gas
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US has become a net gas exporter

00 Green = gas export by ship, which is
' just starting up. Red = export by

00w pipeline, mainly to Mexico.
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ﬂOS;t&CnQWCIK 14-3-2017 NB: Gas demand is also changing fast, driven by price. 11



US Gas behaves indé%eﬁ')deﬁi fiom®
EU and JP

2002 2011

The Gap gives strong benefits for
flosteock 1139017 users of Gas in the USA. 5
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US Gas behaves independent from Qill

120
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;AM — |

. Natural Gas

2008 2012

The Gap gives strong benefits for

users of Gas versus Oil
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Two main effects of fracking

» (Gas price declined versus Ol
« US gas price declined versus Europe
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Cracking
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Prices of chemicals follow Oil, not Gas.

cals

When gas is cheaper
than oil, the margin of
the gas-based supply
flostock chain explodes.
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New US Ethane Crackers (cis, 2014)
Company | Gapacity | Downsweam | Locaon | Strwp | Swus |

Cedar Bayou, Mid-late

Chevron Phillips 1.5m tonnes HDPE, LLDPE Texas 2017 Under construction
Project Location Estimated Startup Mameplate Capacity
Appalachian Resins [AR) Salem Township, Ohio 2019 275
Axiall Lake Charles, Louisiana 2019 pE Nl
Badlands=s Morth Dakota 2019 15000
Formosa Plastics Point Comfort, Texas 2019 B
Total Port Arthur, Texas 2019 1 0e0e0d
Ascent Parkersburg, West Virginia 2020 10e0eld
PTTGC Ohio 2021 nSa
Shell Monaca, Pennsylvania 2021 13060
Shintech Louisiana 2021 Sk
Source: Platrs, Platrs Perrochemical Anaiytics Total 7.475
500,000
Shinfach P NA u Gas crackers are added ...

flosteck
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European Cracker closures

ooy |t | | st

Total Antwerp, Belgium (NC1) 250,000 tonnes 2013

Versalis Priolo, Italy (1 of 2 lines) 470,000 tonnes Aug-Sep 2013

INEOS Grangemouth, UK (G4) 320,000 tonnes Q1 2014
Total Carling, France 320,000 tonnes H2 2015
Repsol Puertollano, Spain R 2015

(reduction)

...While Naphtha crackers are closed...

flosteock
Stock & flow analyses (ICIS, 2014)
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Two main shifts in Cracking

 From Naphtha to Gas
 From Europe to the US

US export of Gas/Ethane by ship
will reduce the shift of crackers
from Europe to the US, but
stimulate conversion from
Naphtha to Gas.

f|OSt®Ck 14-3-2017 20
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Mass Balance
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Flows

Ethylene

Propylene
Oil >/ Naphtha PY'el > Styrene

Aromatics > _

-5 ca Butadiene
TPE

Gas ~>» Ethane E:/l!?(gylene
C4 —>| Butadiene

+ 7
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On purpose production of

Butadiene and Aromatics

« Several projects started.
* Most will be more expensive.

flost&qck 14-3-2017 23
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By-product credits

* Naphtha crackers can stay open if by-products
bring enough credits to compensate for the cost
disadvantage.

« Cost advantage™ Gas vs. Naphtha:
— 7/x1in 2012 - 2013,
— 3xin 2015 - 2016.

* The price of by-products will increase till the
crackers are marginally competitive.

ﬂOS ®Ck 14-3-2017 * Platts 24
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Non-Ethylene credits

/ Ethawne Cracker Naphtlaa cmci’eer\

Mt BEXH Mt BE
Feedstock 1 1,2 1 1,5
Other Cost 0,2 0,2
Sale Ethylene 1 1,4 0,95 1,3
sale BYyproduct 0 O 0,05 0,4
Profit 0,2 o

Byproduct =5% -2 A price = 20 x A Feedstock advantage

ﬂOS:t&CﬂDCk 14-3-2017 ** Values in table just as calculation example. 25
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Volatility
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olatility-1 Capex

Capex has avery
long lead-time

Lead-time is the main
cause of volatility

Expect Pork Cycles and
other volatility

Supply/Demand
mismatch for 20 years

f|OSt®Ck 14-3-2017 27
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Volatility-2 Run-Aways

These are capital
intense industries,

running at high ‘
Utilization Rate.

Disruptions
immediately cause

shortages.

A shortage may
cause a price run-
away.

f|OSt®Ck 14-3-2017 o
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Volatility-3 Prices

* Dedicated production is expensive.

« Small byproducts need to provide big
credits for naptha crackers.

f|OS't®Ck 14-3-2017 29
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lity-4 Oil

Volati

g,
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The Associated Press AP - bh

AP BREAKING: OPEC agrees to cut 1.2 million barrels a day from iis output io 32.5
= Million barrels, effeciive January.

L S G
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Conclusions

» Balancing by the ‘invisible hand of the free
market’ will be messy,

» TPE precursors will be shifting source and
location. Price will be high and volatile.

* Forecasting is possible due to long lead-times
and inert capacities. It will give you strong
advantage.

flostock
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Questions? Call Flostock.com!
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Thank you
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