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Nutzung von solarer Hochtemperaturwarme zur
Erzeugung von Chemikalien und Grundstoffen

Martin Roeb

Martin.roeb@dlr.de

] L
e -
'1‘;‘ ’ -Z,h'
4 3

i€t Ge fOréImorrow

# . Ty b,
de LXW" iy o
iyt L4
<




DLR.de ¢ Chart 2

Ubersicht:

» Entwicklungen im Bereich CSP
 Prinzip solarchemischer Prozesse
+ Typische Anwendungen

* Projektbeispiele

« Zusammenfassung

DLR Solarturm, Julich
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Strom durch CSP
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DOE'‘s target for LCOE of CSP

The Falling Cost of Concentrating Solar Power
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Installed/planned STE/CSP per country*
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CSP now:

The price records for dispatchable solar broken last year:

TuNur proposed shipping solar from Tunisia at 10 cents/kWh

In May, Dubai’'s DEWA received a solar bid at just 9.4 cents/k\Wh.

In September, DEWA awarded a new low contract for solar at just 7.3 cents/kWh
In August, SolarReserve won a solar contract at 6.1 cents/kWh.
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Primarenergiebedarf und CO2 Emissionen des produz.
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Solar Towers Torresol
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On the Web:

http://www.ivanpahsolar.com/
http://www.psa.es/webeng/index.ph

= http://www.torresolenergy.com/TORRESOL/home/en
http://www.solarreserve.com/en/global-projects/csp/crescent-dunes
http://www.abengoasolar.com/web/en/plantas_solares/plantas para terceros/espana/
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Temperature Levels of CSP Technologies
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Prinzip solar thermochemischer Prozesse
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Solarreceiver - Solarstrom oder chemische Reaktion
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Solar Partikeltechnologie
Zentrifugalreceiver

Direct absorption = high efficiency and energy density
Direct storage

Receiver and storage at ambient pressure
No freezing and no decomposition

Low parasitic

Low security requirements

particle receiver

transport system

hot storage

/ \ . / A ' }...;3,
[—_)'6-—@— heat exchanger

heliostats solar tower
cold storage

DLR




DLR.de ¢« Chart 13

Solarisierung von industriellen Hochtemperaturprozessen

Thermochemische Spaltung von Thermochemische Speicher
Wasser und Kohlendioxid

Schwefelsaurerecycling und
Schwefelsaurespaltung

Hochtemperaturelektrolyse

Luftzerlegung

Reformierung von Erdgas

Ammoniak und Dliinger

Kohlevergasung

Schmelzen von Metallen und Glas

Cracken von Methan

Stahlgewinnung Recycling von Metallschrott

Aufbereitung von Erzen Zement-, Kalk- und Phosphatherstellung

(z.B. Eisen, Aluminium, Mangan, Kupfer)
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Anwendungen systematisch
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Redox-Anwendungen
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DUSOL: Solare Ammoniak und Stickstoffdiingerproduktion
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— production of nitrogen or oxygen for industrial applications

— nitrogen: application in ammonia production (currently > 1% of world primary
energy consumptionlil)

1 Erisman, J. W.; Sutton, M. A; Galloway, J.; Klimont, Z.; Winiwarter, W., How a century of ammonia synthesis changed the
world. Nature Geosci 2008, 1, (10), 636-639.
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DUSOL: Konsortium und Inhalte
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EU-Projekt SOLPART

Develop, at pilot scale, a high temperature (800-1000°C) solar reactor for
particle treatment. The process should work 24 h/day in energy intensive
Industries like cement production and phosphate treatment.
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Industrieprozess zur Zementherstellung
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The SOLPART Consortium
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Aufbau des solaren Drehtrommelofen im Solarsimulator
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Petrochemie: INDIREF
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Indiref: Investigations on suitable operation regimes

* Results for 900°C 54 1 bar | 2.5bar

* Only green area suitable
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- There is a suitable regime (for low pressure!)

compare Energies 2018, 11, 2537; doi:10.3390/en11102537
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Schwefelsaure-Recycling
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Solar energy can be stored in elemental sulfur via a three
step thermochemical cycle

e O2
SO2 + H,0
\ / \ ]
Sulfurlc Acid SO, Sulfur
Decomposition Disproportionation Combustion

H,SO
\ 4__ /\ Sulfur
sy

| Reacfon _______Temp(C)

H,SO,Decomposition 2H,SO, — 2H,0(g) + O,(g) + 250,(9) 800
SO, Disproportionation 2H,O(l) + 3SO,(g) — 2H,SO,(aq)+ $(I) 150
Sulfur Combustion S(s.1) + O,(g) — SO,(9) 1200
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Pipeline
Solare Schwefelchemie

MolferSutphiar . pame Molten sulphur in heated
Rail Car b _B q— pipelines (~140 °C)
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GrinHY: Renewable hydrogen for direct reduction of
iron ore

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking under
grant agreement No 700300

This Joint Undertaking receives support from the European Union's Horizon 2020 research and
innovation programme and Hydrogen Europe and N.ERGHY.
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Zusammenfassung

* Neben den Brennstoffes enormes Potential zur
Deckung von Warmebedarf fur (chemische)
energieintensive Industriepozesse aus
Erneuerbaren

« Anwendungen: Metall, Glas, Baustoffe, Dlnger,
chemische und petrochemische Industrie,
Schwefelsaure und Schwefel, Bergbau und
Erzverarbeitung...

* teils Integration in bestehende Anlagentechnik,
teils neue Prozesstechnologie notwendig

« Zuwachs des Industrieinteresse (Technologie-
und Komponentenentwickler,
Generalunternehmer, Anlagenbetreiber, Nutzer)
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