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Anyone who believes that exponential growth
can go on forever in a finite world is either
a madman or an economist.

Kenneth E. Boulding

(1910 -1993)
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The Challenge:

Total annual anthropogenic GHG emissions by gases 1970-2010
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Global Greenhouse Gas Emissions
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Direct Emissions

Indirect CO, EmlssmnsSOurce: IPCC, 2014
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Exponentially growing global temperatures without

changing course....

MIT (Sokolov et al.) 2009
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Global Materials Production grows exponentially
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Industry is a key source of
greenhouse gas emissions

Global
carbon
emissions
28 GtCO,

Industrial
carbon
emissions
10 GtCO,
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Industrial Energy Use by Process (excluding refining)
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Netherlands has energy-intensive
industrial sector

B selow 0.13
M o.13to0.18 + Unique to industrialized country
0.16 to 0.2 - Energy-intensive segment has grown
+ Mix of en -intensive activities:
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.4 - Petrochemical complex
Above 0.3
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Industry structure becomes
more energy intensive
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Industry Emissions Hard to Reduce

Selected industrial processes currently depend on fossil fuels:
* High-temperature processes
* Need for carbon as reactant
* Interrelated with feedstock
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Opportunities for Change
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Options along the supply chain

+ Energy efficiency
* On-site
* In the supply chain
 Industrial symbiosis
« Material efficiency
* Circular economy
« Material demand reduction
* Fuel mix change
» Low-carbon fuels (incl. biofuels)
« Electricity
Carbon Capture Storage/Utilization
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Reducing Emissions along the Supply Chain

CO2 Emissions to Atmosphere

A A

Cement, lime Anaerobic Digestion

Ammonia Incineration
Plastics
EXtraction |jep Materials Processing je=p] CONSUMPLION jumpp] Waste
Production [ 9 p Management

Recycling and reuse

CO; from feedstock (fossil fuels, limestone

Natural
resources

CO; from energy

CO, from waste treatment (fossil and biomass)
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Energy sources Electricity g { i Passive systems Final services
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Understanding Energy Efficiency Improvement Potentials

SEC in GJ/t Current Present best Prospective Theoretical
product technology  minimum
SEC
Primary steel 19-40 19 13 7
Secondary 6-12 6 4 0
steel
Ammonia 33-47 33 29 19
Ethylene 14-22 14 11 5
Cement 3-6 3 2 1
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Industrial Energy Efficiency Opportunities

Two ways to break down opportunities

i

Cross-Cutting

= Steam systems 10-20%
= Cooling/Refrigeration 20-40%
= Motor Systems ~ 30%

Sector-Specific processes in:
= Iron & Steel
- Cement
= Petroleum refining
= Chemicals
= Pulp & Paper

Copernicus Institute of Sustainable Development

Motor systems are largest electricity user in
allmost every industrial sector

Large potential for energy-efficiency
improvement

Studies in US, Europe‘and China show saving
potentials in motor systems up t0:30-40%

Copernicus Institute of Sustainable Development

21-11-2016

10



Copernicus Institute of Sustainable Developm

Universiteit Utrecht

Energy Efficiency Potentials Global Chemical Industry
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Reducing Material Use

Reduction of Supply Chain Losses

Demand
Reduction

Light-weighting
Life Extension
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Follow the material: Understand the Losses
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Recycling Reduces Emissions
(Case study of German Steel Industry)
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Adding up: Material energy & CO, world,
. p Outlook™ ™ gy
savings - 201
Energy demand & CO, emissions from the production of selected energy-intensive
materials in the New Policies Scenario & Material Efficiency Scenario
Energy demand CO, emissions
g 2000 Aluminium B8 Indirect
§ Paper (heat and power)
. B Process-related
1500 Plastics 6 -
B Cement Energy-related
1000 B Steel 4
500 2
2013 NPS MES 2013 NPS MES
2040 2040
Material efficiency can keep energy demand from energy-intensive sectors
stable & cut energy- & process-related CO, emissions by 1.4 Gt
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Fuel Shifting in Industry

« Shift to low-carbon fuels
» Natural gas
» Bio-energy

* Electrification
* Furnaces
* Boilers
« Electrolytic processes

+ Renewable Energy
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Dank voor uw aandacht!

Ernst Worrell

Copernicus Institute of Sustainable Development

Utrecht University
e.worrell@uu.nl
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