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Case Study III

Industry: Do we “dematerialize”?



Industry: Some Basics

1. Price of materials/processing is a function 
of resource concentration
and technological complexity

2. Organizational structure matters
(impacts resource efficiency and 
transport)

3. Cost savings (labor, raw materials, 
energy..): “low hanging fruits” regrow

4. Money and time costly, so need to be 
“saved” as well
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1. Price vs. Concentration of Materials



2. Industrial Organization

Basic Conditions

Technology, 
Costs 

&
Demand

STRUCTURE
• Number of  buyers 
and sellers in 
the mkt

• Barriers to entry
• Product Diff.
• Vertical integration

CONDUCT

• Advertising
• R&D
• Pricing strategy
• Product choice
• Collusion
• Merger

PERFORMANCE
(Industry and Firms)

• Profits
• Price
• Production efficiency
• Technical progress

GOVERNMENT 
POLICY

• Entry regulation
• Antitrust
• Taxes and subsidies
• Investment Incentives

Key concepts:
Integration: vertical vs. horizontal
economies of scale vs. scope
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3. “Low Hanging Fruit” Regrow:
Winners in WRAP Energy Efficiency Contests of DOW Chemicals Lousiana
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profiatble but beyond cut-off* 

winners 

* min savings: 10,000$
  max costs:    2 Million $
  min ROI:       30 %

Winners:
Min savings: 10,000 $
Max cost: 2 Million $
min ROI: 30%

Source: Nelson & Lindsly, Poll.Prev.Review Spring 1991:167-174



4. Capital and Time are Costly:
Inventory Turnover, or the Birth of “just in time” Manufacturing



Germany: Goods Imported by Transport Mode versus Value Density
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Industry: Scale of Activity

Basic Activity Data - World Industry 19902015/2017 Factor increase

People employed (10e6) 510 709 1.4

Value added (10e12 current US$) 7 20 2.9

7 Major commodities produced (10e9 tons) 2.5 6.6 2.6

Final energy use (EJ, industry+feedstock) 96 150 1.6

CO2 emissions (Gt CO2)

direct industry, cement, + pro-rated electricty 7645 13451 1.8

Source: Updated (ILO, UNCTAD, IEA, IIASA) from Grubler, 1995



World Industrial Final Energy Use
in 2017 (Mtoe, IEA, 2019)

Non-energy Feedstocks (for chemicals)>Other>Steel>(petro-)Chemicals>Minerals



Global Industry: Energy & Exergy Flows (GEA KM8, 2012)

Energy: 51%

Exergy: 30%
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Per Capita Materials Mobilization (log scale)

Germany…   Austria…
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Global Materials Mobilization
Billion tons per year. AD 2000

Fossil
energy

Metals
Industrial 

raw 
materials

Constr. 
materials

Earth 
moved

Food & 
fibers

Total

Mining/
harvesting

10 >5 2.5 ~16 - - >5 >40

Overburden, 
wastes

>20 >15? <1 >1 >50 <5 >100

Source: Argawal (1991), Grübler (2001), Nötstaller (1998).
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Dematerialization

• Economic structural change
• Change in materials composition
• Demand growth and saturation

• Questions/Paradoxes:
-- Interplay between variables?
-- No example of absolute 

dematerialization documented
-- Patterns: Convergence vs. path 

dependency
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Structural and Technological Change

• Decompositional analysis 
IPAT framework, Divisa indexes, etc.

• Ex: Industrial CO2 emissions

• Influence of output growth, economy 
structure, intra-sectorial structure, 
intensity, decarbonization

• Not yet available for non-energy



Energy

Asphalt

Plastics

Chemical products

Paper
Iron & steel

Paints

Textiles

Shoes

Restaurants

Real estate

Communication

Drugs

Engines / turbines

Food
Construction

Entertainment

Agricultural
services

Working time = 0

Metal
products

broadcasting
Radio/TV

Energy – Time – Information: Intensity of Products/Activities

Source: D. Spreng, 1993.



Energy Intensity & Industry Structural Change in EU
2000-2007 (GEA KM8, 2012)



Dematerialization

• Change in material/energy intensity per unit 
of output
-- physical
-- economic (VA, or GDP)

• Drivers:
-- structural change
-- new technologies (process and products)
-- prices
-- regulation
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US Materials Intensity
(Data: Wernick, 1996)

Isolines of –3%/yr 
(GDP growth rate)
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USA – Materials Use (cumulative)

0

50

100

150

200

250

300

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

M
il

li
o

n
 T

o
n

s

&plastics
&paper

&fertilizer
&metals
wood

Source: adapted from Wernick & Ausubel (1995).
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USA – Weight Transported 

per Household Move (excl. Vehicles).
Data: Courtesy I. Wernick, 1997.
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Waste Generation and Recycling

The aftermath of industrial 
metabolism
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US: Municipal Waste Generation
(Source EPA, 2017)



Technik & Umwelt Arnulf Grübler

US Municipal Waste: Recycling Tonnage and Percent 
(Source: EPA, 2017)
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Recycling Rates for 60 Metals in EU (EC, 2013)
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Materialization amidst Dematerialization

• Saturating absolute materials use

• But: ever higher wastes and recycling

• Increasing stocks with:
-- multiple stacks of artifacts 

(PCs on shelf, fridges in basement)
-- shorter cycling times?
-- heavier products?
-- other factors?
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Materials Use: The Long-term Picture

• No theory

• Increasing weight of DCs, but based on 
what development model?

• Largest “wildcard”: Digitalization

• Technological “denudation” 
(H. Brown, 1956)

• Increasing waste streams: mining, 
processing, deposition, scrubbing of 
effluents



Impacts of Digital Convergence
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5 Watts

2.5 Watts

449 Watts

72 Watts

Power

Stand-by
energy use

75 kWh

0.1 kg

1706 kWh

26 kg

Embodied energy

Weight

Operational Peak Power / 90           Operational Energy /30
Weight /260                                      Embodied Energy /23
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Summary Block 7
(Industry)

• orders of magnitude of industrial activities (0.7 billion 
employment, 20 trillion $ value added, >7 Gt commodities 
produced and 14 Gt CO2 emitted)

• global materials mobilization (>40 Gt plus >100 Gt wastes)
• problems of quantity and quality (toxidity, "area of 

ignorance")
• increasing decoupling of output and impacts
• materials intensity: non linear trends (e.g. S-curves), 

geographical shifts
• materials use per GDP: decoupling: max of GDP growth = 

stabilization of materials use at high levels
• dematerialization: ambiguous trends (+/-)
• environmental strategies:

-- efficiency improvements
-- materials substitution
-- recycling (30 to 50 percent recycling rates for most   

materials)


