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1.4.1.b - Petroleum Refining
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Source: http://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer




Decarbonisation challenge
Primary energy consumption in Germany, 2010-2050
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To achieve an emission reduction of 80 % compared to 1990 levels, demand for
petroleum products will have to decrease significantly up to 2050

Source: Fraunhofer ISI, Oko-Institut (2015) Klimaschutzszenarien 2050: Summary 2nd final report.
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To achieve an emission reduction of 95 % compared to 1990 levels, demand for
petroleum products will have to decrease significantly up to 2050

Source: Fraunhofer ISI, Oko-Institut (2015) Klimaschutzszenarien 2050: Summary 2nd final report.



Structural changes for classical actors
ongoing ...
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International Oil Companies
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Double challenge for Refineries

Quite some refineries (17 out of 100 since 2008) have been closed in Europe in the
past years: https://www.fuelseurope.eu/dataroom/static-graphs, while their
utilization rate has also decreased (indicating that more closure might well come);

There is pressure on the continued use of fossil fuels in transport see for example:

— |EA'WEO 2016, 450 scenario, for OECD Europe: share of oil in transport decreasing from 89%
(2020) to 52% (2040; with further 18% electricity and 23% biofuels and 7% other fuels

— In the Commission’s low carbon roadmap, emissions from the transport sector will
significantly decrease between now and 2050
(https://ec.europa.eu/clima/policies/strategies/2050 en)

Electric vehicles: Structural shift from gasoline car to electric mobility. On the
future energy sources for transport, many options are open; see for example :
http://www.shell.com/energy-and-innovation/the-energy-future/future-
transport.html

Pressure to insulate houses and shift to heat pumps and solar heating/cooling
Pressure from investor side on fossil-fuel based investments

‘ Pressure to decarbonize production processes
mmm) Pressure to replace the products

4

Strong need for innovation



Mitigation options in basic materials
industries

Clusters of mitigation options Technology
Readiness Level

TRL

Integrated process improvement
- Energy Efficiency (modernization and replacement)
- Reduction in process-related emissions

Fuel switch
- towards renewable energy sources (e.g. based on hydrogen)
- towards decarbonized electricity (indirect emissions)

Materials industry

End-of-pipe
(Carbon Capture and Storage CCS/ Carbon Capture and Use CCU)

Recycling and re-use (innovative recycling processes)

Material efficiency
(in production and downstream)

Material substitution (downstream)

W Utrecht University



Possible innovation concepts

» Carbon Capture and Storage

» Gas-to-liquids technologies — transformation of synthetic
crude

» Renewable hydrogen/carbon (electrolysis/syngas):
production of hydrocarbons (methane, methanol, Fischer-Tropsch-naptha)
for replacing the fossil feedstock (mainly naphta or ethane) in the
petrochemical industry

» Biorefining
> ..

Source: Lechtenbéhmer et al. (2016) Decarbonising the energy intensive basic materials industry through electrification - Implications for future EU electricity demand



IEA B 10CNCTEY Results so far .... Classification Scheme
Task 42 Biorefning
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Source: Joanneum Research, Austria
Source: http://www.iea-bioenergy.task42-biorefineries.com/en/ieabiorefinery/Factsheets.htm




Increasing Value

Feedstock, product,

Feedstocks

1st generation: Food
(e.qg. oil seeds)

1st and 3rd generation: Non-food

Dedicated crops
(e.g. lignocellulose, algae)

Co-products

» Food processing co-products

(e.g. beet pulp)

Waste Products

+ Municipal solid waste

(domestic and commercial)

+ Agricultural and forestry residues
* Industrial waste

+ Organics in untreated water

» Industrial off gases

(CO,, CH,)

+ Landfill gases

Processes
Thermochemical
e.g. pyrolysis

Chemical

e.qg. catalytic processes,
esterification

Bioprocessing

Material Production

» Fermentation
» Biocatalysis

e.g. Composting

Material Production

Anaerobic Digestion

Source: https://www.uk-cpi.com/the-future-of-biorefining/biorefining-at-cpi/#.WMvQb3qVBxM

process

Products

Chemicals
via platform chemicals or direct

Fine chemicals and pharmaceuticals
e.g. succinic acid

Speciality chemicals
eg. limonene (fragrance)

Polymers
e.qg. Polylactic Acid (PLA)

Commodity chemicals
e.q. esters

Fibres
Animal Feed
Fuels (e.q. biogas, bioethanal)

Heat and Power

Increasing Value




Example from Iron/Steel Sector
Hydrogen-based Reduction of Iron Ores

"Hydrogen reduction of iron ore generates Hz0 instead of CO2z, leading

to decrease in COz emissions.

Steelmaking Process
with hydrogen reduction

Charge iron ore into blast furnace.

Reduce iron ore by using
reformed COG with higher
concentration of hydrogen.

Hydrogen reduction of iron ore
generates H20 instead of COz.

Decrease CO2 emissions

Source: Course 2050
http://www.jisf.or.jp/course50/tecnology01/index_en.html

— ———

.I Iron Ore+C 1 r3 C02+= HZO:PDecrease in CO2

Blast
Furnase

== Hydrogen

CO is formed as a result
of combustion of C

Iron < = Hydrogen + Oxygen

Reformed coke oven gas

Gas wilh highee hydrogen concentration
by reformation of tar in coka oven gas.



Backup



Biorefinery example

Integration of pulp production with other manufacturing processes utilising
biomass as raw material

Synthesis
+ SyGas (CO + H;) | * Alkanes
Thermochemical | + Alcohols
conversion | « Pyrolysis ol Hydrodeoxygenation . Blg-dlmethyl ether
(diesel fuel)
» Other biomass
tional
{optional) |+ Liquid fuels
Y Extraction/ |py1p and/or woodmill
» Cooking liquor pulping » Timber
« Wood extract | Recovery cycles for ™. Pulp cellulose
NaK, S, Ca, Mg
#| « Hydrocarbons
Thermal
Dehydration |+ Levulinic acid deoxygenation/H; + Ethanol
— ™+ Furfunal » Butanol
+ Acotic acid
Hydrolysis » Mono sugars Fermentation * Lactic ?c‘d
™1 o Acelic acid « Succinic acid
Consolidated Thermal
fermentation + Carboxylate salts | deoxygenation/H, »|* Alcohols
1 CH4 « CH4
Source: [ 133 A v Hemingen 2010 ]
Figure 3.87:  Forest biorefinery pathways

Source: JRC (2015) Best Available Techniques (BAT) Reference Document for the Production of Pulp, Paper and Board; p. 357



Biorefinery concepts

Four relevant features: platforms, products, feedstocks, processes
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Figure 7: Technology Readiness Level of platforms

Source: Jungmeier (2014) The Biorefinery Complexity Index



Biorefinery concepts

Four relevant features: platforms, products, feedstocks, processes
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Figure 9: Technology Readiness Level of energy products

Source: Jungmeier (2014) The Biorefinery Complexity Index

jure 10: Technology Readiness Level of matenal products




Biorefinery concepts

Four relevant features: platforms, products, feedstocks, processes
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In some countries (e.g. Denmark) straw is already a commercial feedstock, the TRL =9

Figure 8: Technology Readiness Level of feedstocks

Source: Jungmeier (2014) The Biorefinery Complexity Index




Biorefinery concepts

Four relevant features: platforms, products, feedstocks, processes (only selected
example from a variety of processes)
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Figure 11: Technology Readiness Level of thermo-chemical processes

Source: Jungmeier (2014) The Biorefinery Complexity Index



