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Methodology
Results

• Empirical
• Methodological



The Issues
Empirical

Industrial Systems
are complex, hierarchical systems
require multiple perspectives
require aggregation at levels meaningful for decision 
makers 
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require multiple perspectives
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Guiding Investment and Policy Decisions Requires
ability to play out rich sets of scenarios
interaction with stakeholders in industry and policy



The Issues
Methodological

Statics vs. Dynamics
Equilibrium vs. Disequilibrium
Bottom-up vs. Top-down
Expert-driven vs. Stakeholder-driven



The Why, How and What For of 
Dynamic Industrial Systems Analysis
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• Pulp & Paper
• Iron & Steel
• Ethylene



Three Case Studies
1.  US Pulp and Paper

2nd most energy intensive US industry
Accounts for 9% of total US manufacturing 
carbon dioxide emissions
High capital intensity and low capital turnover 
rates
Over 50% selfgeneration of energy



US Pulp and Paper
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Three Case Studies
2.  US Iron and Steel

4th most energy-intensive industry in the USA
3rd largest steel producer in the world
High capital intensity and slow capital turnover 
rates
Close ties to infrastructure development
Significant influence on domestic and 
international policy agendas



US Iron and Steel
Coke Oven and Blast Furnace Production
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US Iron and Steel
Basic Oxygen Furnace Production
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US Iron and Steel
Electric Arc Furnace Production
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Three Case Studies
3.  US Ethylene Production

US Chemicals Industry accounts for 25% of 
manufacturing energy use
US Ethylene production accounts for 28% of 
world capacity
High capital intensity and relatively high capital 
turnover rates
Significant use of fuels as feedstock



US Ethylene
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• Engineering Analysis
• Capital Vintage Analysis
• Time Series Analysis
• Dynamic Modeling
• Stakeholder Involvement



Engineering Analysis

Target efficiencies
Technological limits
Fixed engineering 
coefficients



Capital Vintage Analysis

K(t) = I(t) + (1-µ(t)) K(t-1)

K(t): Capital Stock in t
I(t):   Investment in t
µ(t):  Deterioration in t



Vintage Effects
Average and Best Practice Coke Use in Blast Furnaces

Coke Rate 
(tons per ton pig iron)

1860   1880   1900   1920   1940   1960   1980   1990

30

20

10
Best Practice

Average



Time Series Analysis

Seemingly unrelated regressions
Polynomial distributed lags
Tests for 

structural breaks
heteroscedasticity
serial autocorrelation



Dynamic Model

Material, Energy Use
- Capital Turnover
- Efficiency Changes
- Fuel Mix Changes

Market Dynamics
- Demand
- Supply
- Input, Output Prices

Carbon Emissions
- Direct
- Indirect

Electricity
Generation

Policy Decisions

Investment Decisions
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How good is the model?

Replication of historic data
Sensitivity analyses
Robustness tests
Dialog with decision makers



Model Operation
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• Comparative Analysis
• Policy Implications



Results:  Iron and Steel
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Results:  Ethylene

2025201520051995
250000

350000

450000

550000

650000

Year

N
et

 C
ar

bo
n 

Em
is

si
on

s
(m

et
ric

 to
ns

 p
er

 y
ea

r)

Base Scenario

$75 Cost of Carbon

RPI of .94



Results:  Pulp and Paper
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Industry Comparison

 Pulp & 
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Iron & 
Steel 
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Base Case Total 
Production  
(% Change 1990 - 2020)  
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$75/ton Carbon Net 
Carbon Emissions  
(% Change 1990 - 2020) 
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Relative Energy Intensity 
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0.61 

 
0.63 

 
0.94 

 

 



The Issues
Methodological

Statics vs. Dynamics
Equilibrium vs. Disequilibrium
Bottom-up vs. Top-down
Expert-driven vs. Stakeholder-driven



Support for Differentiated 
Policy Intervention

Each industry has 
distinct capital structure dynamics
specific fuel mix characteristics
different propensities to respond to policy

Uniform policy measures may miss opportunities 
for significant carbon emissions reductions



For more information...

mruth1@umd.edu

http://www/publicpolicy.umd.edu
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