KBROIeflns Technologyi Technology optlons to meet
uncertain market conditions

4t Petrochem Conclave KBER
Delhi, 12" February 2015 Sourabh Mukherjee
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Agenda

T World Olefins markettrends

i Olefins technology combinations targeting
Improved flexibility and economics
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1 Olefins Market
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Change

We alwaysoverestimate the change that
will occur in the next two years and
underestimate the change that will occur In
the next ten. Don't let yourself be

lulled into inaction.

- Bill Gates
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Underestimating 10 Year(Change
= UNCERAAINT Y

2004 View USA
Petrochemicals

Early 2014 View USA
Petrochemicals

—)

High Cost of Ethylene:
USAvs Asia: 150%

—)

Feedstock Disadvantaged & Least
Competitive in the World

Gas/Qil Price Ratio: 109%

—)

Bad Place to Invest

—)

—)

Rapidly DecliningExports; Expected
to Import

—)

Europe is 29 Most Competitive

—)

—)

—)

—)

—)

—)

Low Cost of Ethylene:
USAvs Asia: 70%

Cheap & Abundant Feedstock& 2
Most Competitive in the World

Gas/Oil Price Ratio: 29%

$120 Billion Invested in Chemicals
(IHS Estimate 2014)

Rapidly Growing Export

Europe is Least Competitive

KBR
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Underestimating SuddentChange
= UNCGERAAINT Y

2014 View USA Late 2014 View
Petrochemicals Petrochemicals

—)
—)

Low Cost of Ethylene:
USA vs Asia: 70%

Cheap & Abundant Feedstock & ™
Most Competitive in the World

Crude prices drop from $100/bbl
range to $50/ bbl range 6 within four-
six month span

—)
—)

Consequential reduction in naphtha
price means the costof Ethylenefrom
Gas/Qil Price Ratio: 29% liguid becomes more competitive
(almost on par with ethane)

—)

$120 Billion Invested in Chemicals
(IHS Estimate 2014)

—)
—)

Investment plans for ethane crackers
being reconsidered

—)

Rapidly Growing Export

—)

Europe and Asia competitiveness
Improves

—)

Europe is Least Competitive
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Uncertainty in the market cannot be avoided

To overcome market uncertainty producers
need to

i Produce the right productsfrom their assets
&
I Be flexibletowards feed
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Producingthe right products from an Ethylene
Complex
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Ethylene Complex

Utilities Waste

Ethylene .
» Traditional focus

Hydrocarbon
Feed

Steam Cracker

Co-Products -
>

A Hydrogen . .
A Methane Potential to drive
A propylene = Technology

AC4os .
A PEO Selection

A Etc..

Operations &
Maintenance
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Ethylene ComplextEconemics-(Ethane)

Utilities Waste

Ethylene
Ethane >
Feed
Steam Cracker
Co-Products
>
A Hydrogen
A Methane
Operations & ﬁ Erngline
Maintenance A PFO
A Etc..
EthaneFeed 380 $IMT Ethylene 1000 $/IMT
Utilities 98 $/MT Ethylene CoProducts Note 1 $IMT
Operations & 53 $/MT Ethylene Note 1: Dependent upon ceproduct recovery

Maintenance
Depreciation + ROC 250  $/MT Ethylene
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Example 1 WSCGuUlf CoastiGraeker

OverallMaterial Balance

Grassroots Cracker
Location: US Gulf Coast
Feedstock: Ethane (US Shale Gas)

Products:
-1000 KTA Ethylene

-C3+ Stream (Sell)

Feed/ 77% Yield 80% Yield

Product (KTA) (KTA)
Ethane 1287 1250
Ethylene 1000 1000
Fuel Gas 180 163
Mix C3+ 102 85
Fuel Oil 5 2
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-Fuel Oil
-‘Fuel Gas
< » Tail Gas
Ethane v t
_ Ethylen
Feed " ylene
, C3+
» Fuel Ol
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Example 1 WWSCGUlf Coastdceonomics
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Products 77% Yield 80% Yield Category 77% Yield 80% Yield
Ethylene 1,000 1,000 EthaneFeed 489 475
Fuel Gas 27 24 Utilities 98 98
Mix C3+ 103 87 O&M 53 53
Fuel Ol 1 0.4 Depreciation + ROC 250 250

Sub-Total 1,131 1,111.4 Sub-Total 890 876

Category 77% Yield 80% Yield
Revenue 1,131 1,111.4
Cost 890 876
Total Margin 241 235.4
Lower selectivity = ~$5.6 MM USDyr Advantage
KBR
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Example 2. CiS:Region Gracker

OverallMaterial Balance

Grassroots Cracker
Location: CIS Region
Feedstock: EthangGas Plant)

Products:
-1000 KTA Ethylene
-C3+ Stream (Fuel)

Feed/ 77% Yield 80% Yield

Product (KTA) (KTA)
Ethane 1287 1250
Ethylene 1000 1000
Fuel Gas 180 163
Mix C3+ 102 85
Fuel Oil 5 2
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-Fuel Oil
-Fuel Gas
< » Tail Gas
Ethane v t
_ Ethylene
Feed ) y
, C3+
» Fuel Ol
KBR

TECHNOLOGY

KNOW-HOW DELIVERED



Example 2: C{S:Region &zcoanoirics

Products 77% Yield 80% Yield Category 77% Yield 80% Yield
Ethylene 1,000 1,000 EthaneFeed 489 475
FuelGas 27 24 Utilities 98 98
Mix C3+ 23 19 O&M 53 53
Fuel Oil 1 0.4 Depreciation + ROC 250 250

Sub-Total 1,051 1,043.4 Sub-Total 890 876

Margin ($MM USD)

Category 77% Yield 80% Yield
Revenue 1,051 1,043.3
Cost 890 876

Total Margin 161 167.3

Higher selectivity = ~$6.3 MM USDyr Advantage
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Example 3: CiSRegion GrackeF ikixed
Feedi)) ,, Grassroots Cracker

Location: CIS Region
Feedstock:
- 1200 KTA Ethane (Gas Plant)
Products:
Ethylene
-C3+ Stream (Use for Fuel)
+uel Ol

OverallMaterial Balance -Fuel Gas

Feed/ 77% Yield 80% Yield ] R b | > Tail Gas
Product  (KTA) (KTA) F;Z%"e : Ethylene
Ethane 1200 1200
Ethylene 932 960
FuelGas 168 156 - & |
Mix C3+ 95 82 ' e
Fuel Oil 4 2 KBR
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Example 3: C{SRegion Ecanomicsiff=ixed
FEED)

Products 77% Yield 80% Yield Category 77% Yield 80% Yield
Ethylene 932 960 EthaneFeed 456 456
FuelGas 25 23 Utilities 91 91
Mix C3+ 21 18 O&M 49 49
Fuel QOil 1 0.3 Depreciation + ROC 233 233

Sub-Total 979 1,001.3 Sub-Total 829 829

Category 77% Yield 80% Yield
Revenue 979 1,001.3
Cost 829 829
Total Margin 150 172.3
Higher selectivity = ~$22.3 MM USDyr Advantage KBR
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How can Technalogylimpactsseledtivity ?

Residence Time Effect on Ethylene Yields

< More Ethylene More CeProducts
20 |-
NAPHTHA GAS OIL
ey
c
1= “E’ BUTANE
S o
v o
?13 3 PROPANE
SE o
T T
o .9
o > ETHANE
O | | | | |
0 0.1 0.2 0.3 0.4 0.5
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How doesKBR \Address Residenceniime?

Furnace Coil Portfolio

Relative Percent
Yield Improvement

0 0.1 0.2 0.3 0.4 0.5

ResidenceTime (sec) ICEFY
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KBR kurnaeerBortiohor&sExperience

A v A

A
Single Pass Two -Pass
Straight Tube AnUCoil | O
(~0.08 -0.12sec) (~-0.20 - 0.25sec)
# of Furnaces 209 49
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v U

Serpentine  -Type

E. qg. .-CdWI 0

(~0.35 -1.0sec)

207
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KBR & Competitors

Coil Type | Residence| KBR Competitors
Time (sec)
W type 0.4 SGH4 Yes
U Type 0.2 SG2 Yes
One pass 0.1 SCGL No

KBR has BROADEST Technology Portfolio
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Steam Crackingskound the World

The Heavier the Hydrocarbon Feed
the more complicated the |
Russia/CIS:

economics Ethane
Refinery Integration

North America:

Shale Gas Naphtha
Asia:
Naphtha
_ Heavy Liquids
Middle East: ‘
Ethane | -.J
Refinery Integration ’
Liquids

KBR Collaborates with client to determine best
configuration KBR
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Flexibility towards feed
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racking

A Large Capacity
A Single Cabin Firebox
A 8 individually flow controlled passes

A Number of Feeds only limited by inlet
piping arrangement S 6

A Each Feedcan be cracked at optimum

conditions:
- Temperature 7 8
- S:HC Ratio

Flexibility of 8 mini furnaces within a singlefirebox
2e=1=
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