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New energy sources cause big changes
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The Dutch (petro)chemical industry
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The Energy system Outlook
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Electricity will play an increasingly important role in energy systems of the future, both in
sustainable generation, smart distribution, and smart end-use consumption
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Energy use in the Dutch chemical industry
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Increasing share of renewable energy
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Renewables have a variable supply
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Sources of flexibility

Flexible supply Demand response Interconnection
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Energy Storage


http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.linde-engineering.com/en/process_plants/chemical_and_petrochemical_plants/linear_alpha_olefins/linear_alpha_olefins_from_ctl_product_streams/index.html&ei=Dz9kVYCvG4byUvCwg6AE&bvm=bv.93990622,d.d24&psig=AFQjCNGfhW57kZKSncEKIjLxzBWr0alZJQ&ust=1432718311989057
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.in-pharmatechnologist.com/Ingredients/Porton-Fine-Chem-buys-fellow-China-intermediates-firm-Dongbang&ei=XT9kVcfoKIeTU5_IgZAE&bvm=bv.93990622,d.d24&psig=AFQjCNEZOeqLk_ChOy4FGU-QrIlbxVzj9w&ust=1432719538547505
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://zoom.nl/foto/bewerkte-fotografie/shell-pernis.1049846.html&ei=rj9kVZTFKMH8UJnpgYgI&bvm=bv.93990622,d.d24&psig=AFQjCNEW6uO9NEvuxpFSotBCdsEetraJsQ&ust=1432719655539875

m innovation
for life

Elements: the value of electricity in chemical
iIndustry

Value as heat
Electricity replaces conventional heating using mostly natural gas

Value as intermediates
Electricity is used to make intermediates (e.g. hydrogen, NH,)

Product value
Electricity used directly to make end products



Electrification technologies
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lllustrative cost curve of demand-side response (estimation 2040 — 2050)
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Economics of demand-side response options determine their dispatch strategy:

Power to fine and specialty chemicals - mainly base-load power off-take.

Power to heat - wide range of profitable application (e.g. E-grid management,

iImbalance market or day ahead options).

Power to gas — Imbalance market, intraday and day ahead markets.




The impact of variability

A higher added value of electricity in the process means
a lower incentive for making use of the price variability
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Electrification technologies
Technology Maturity Curve of electrification options (2015)
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High level Road Map of Electrification
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