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How the World has Changed Since 1973How the World has Changed Since 1973
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How Chemical Engineering has ChangedHow Chemical Engineering has Changed

ItIt’’s always been great to be s always been great to be 
a Chemical Engineera Chemical Engineer
ItIt’’s even better now!s even better now!

Big Challenges!Big Challenges!
New Enablers!New Enablers!
Better Money!Better Money!
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Refining & Petrochemical Industry Refining & Petrochemical Industry 

CHALLENGESCHALLENGES
Availability, price and declining quality of crudeAvailability, price and declining quality of crude
Other feedstock availabilityOther feedstock availability
Changing product slates and quality specificationsChanging product slates and quality specifications
New capacity needed to meet forecast demand New capacity needed to meet forecast demand 
growthgrowth
Increasing costs of capital projects Increasing costs of capital projects 
Maintain profitability in a cyclical industryMaintain profitability in a cyclical industry
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The Big Issues Facing the IndustryThe Big Issues Facing the Industry

•• Customers want higher quality productsCustomers want higher quality products
•• Governments want to meet the COGovernments want to meet the CO22 challengechallenge
•• Demand is growingDemand is growing

-- We need to discover more sources of oilWe need to discover more sources of oil
-- We need better conversionWe need better conversion

•• Supply is strongly affected by geopoliticsSupply is strongly affected by geopolitics
-- Creates pressure to use alternative fuelsCreates pressure to use alternative fuels
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Incremental Global Crude Oil Supplies
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More Conversion Needed to 
Process Heavy Crudes

•• Heavier crudes yield Heavier crudes yield 
less gasoline and less gasoline and 
distillatedistillate

-- Maya < 30%Maya < 30%
-- Tapis > 70%Tapis > 70%

•• Add conversion Add conversion 
capacity to meet capacity to meet 
product demandproduct demand

•• Heavier crudes require Heavier crudes require 
hydrogen addition to hydrogen addition to 
meet distillate fuel meet distillate fuel 
qualityquality

Yield
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45.445.4
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39.439.4
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29.829.8
2.522.52

21.221.2
3.383.38

Processing Costs IncreaseProcessing Costs Increase
New Investment RequiredNew Investment Required
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Non Traditional Fuel & Chemical SourcesNon Traditional Fuel & Chemical Sources
World Total Energy ConsumptionWorld Total Energy Consumption

1.4% growth
1.4% growth

2.5% growth
2.5% growth

2.4% growth

2.4% growth

2.4% growth2.4% growth
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Coal, Gas and Renewables Coal, Gas and Renewables 
all Growing Faster than Oilall Growing Faster than Oil
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Return on InvestmentReturn on Investment

•• Escalating fabrication and construction Escalating fabrication and construction 
costs affecting investment returnscosts affecting investment returns

Investment Risk Must be AddressedInvestment Risk Must be Addressed

10% Internal Rate
of Return

New 200 kb/d
Cracking refinery

$4bn investment ~ $6+/bbl average margin
for 20+ years required
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Risk MitigationRisk Mitigation

•• Feedstock and product flexibilityFeedstock and product flexibility
-- ““OpportunityOpportunity”” feedstocksfeedstocks
-- Optimal upgrading & conversion Optimal upgrading & conversion 
-- Maximize value additionMaximize value addition
-- Prosper from cyclical marketsProsper from cyclical markets

•• Operational efficiencyOperational efficiency
-- Economies of scaleEconomies of scale
-- EnergyEnergy
-- Control & optimizationControl & optimization

Flexibility, Efficiency, IntegrationFlexibility, Efficiency, Integration

LeadingLeading--Edge Edge 
TechnologyTechnology
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•• Challenges call for technical and business solutionsChallenges call for technical and business solutions
•• New technologies will be created using chemical New technologies will be created using chemical 

engineering core skillsengineering core skills
-- Better catalysisBetter catalysis
-- Better reaction engineeringBetter reaction engineering
-- Enhanced separation processesEnhanced separation processes

•• Core chemical engineering skills are now enhanced Core chemical engineering skills are now enhanced 
by many new approachesby many new approaches

How Can Chemical Engineers Respond?
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Enablers: Combinatorial Chemistry
Prepare CatalystsPrepare Catalysts

Combi Test Combi Test 

Unique Capability to Rapidly Screen Catalyst Leads  Unique Capability to Rapidly Screen Catalyst Leads  

PP Test PP Test 
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Enablers: Catalysis

•• Catalyst design becoming more Catalyst design becoming more 
preciseprecise

-- Visualize using high resolution Visualize using high resolution 
microscopymicroscopy

•• Design acid functionDesign acid function
-- Strength and distribution of acid Strength and distribution of acid 

sitessites
•• Design hydrogenation functionDesign hydrogenation function

-- Product qualityProduct quality
-- StabilityStability
-- Selective ring openingSelective ring opening

•• Control residence time Control residence time 
at active sitesat active sites

-- Porosity and channel dimensionsPorosity and channel dimensions
-- Catalyst shape and sizeCatalyst shape and sizeTEM Photo of Stabilized Y ZeoliteTEM Photo of Stabilized Y Zeolite

MesoporesMesopores
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Enablers: Kinetics
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Enablers: Modeling

MTO Reactor & RegeneratorMTO Reactor & Regenerator

•• Tools like CFD allow Tools like CFD allow 
designs to be tested designs to be tested 
before they are builtbefore they are built
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Enablers: TomographyEnablers: Tomography

•• See inside operating plant in real time See inside operating plant in real time 
•• Test designs against commercial dataTest designs against commercial data

Cat Scanning ofCat Scanning of
FCC regenerator FCC regenerator 
to validate MTO to validate MTO 
reactor catalystreactor catalyst
distributiondistribution

Gamma scanning Gamma scanning 
to validate axialto validate axial
catalyst densitycatalyst density
Profile in FCCProfile in FCC
regeneratorregenerator
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The Demographics Challenge
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•• Graduate numbers need to increase to replace Graduate numbers need to increase to replace 
retiring baby boomersretiring baby boomers

•• The industry will face a hiring and training crunchThe industry will face a hiring and training crunch
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A Great Time to Enter the ProfessionA Great Time to Enter the Profession
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Source: Median BS ChE start salaries for Petroleum and Coal induSource: Median BS ChE start salaries for Petroleum and Coal industries from NACEstries from NACE
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Summary

ItIt’’s always been great to be s always been great to be 
a Chemical Engineera Chemical Engineer

It just keeps getting better!It just keeps getting better!
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