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z— Introduction ‘#’DLR

PYSOLO Some interesting facts about conventional rotary kilns (RK)
A RKis a cylindrical vessel that rotates around the longitudinal axis

It is a device on the border between energy and process engineering

Suitable for drying, combustion, calcination, pyrolysis, or the thermochemical treatment of various
materials. Device able to process diverse feedstock and control the residence time (tilt and
rotation speed).

A RK is heated by gas (process burners), liquid, or solid fuel - usually high energy demand

Other aspects: dust generation, varying product quality, and tendency to lower thermal efficiency
are barriers to the wider utilization of RK
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z— Introduction

Use of concentrated solar energy and solar rotary kilns
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s— Solar rotary kiln description ‘#;ZR

PYSOLO

Example of DLR-rotary kiln with direct irradiation of treated material
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Solar rotary kiln description 4#;;

PYSOLO
Example of DLR-rotary kiln with direct irradiation of treated material
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~z Research at DLR with solar rotary kilns ‘#JR

Some of the processes that we have studied
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z—- Research at DLR with solar rotary kilns #DLR

PYSOLO solar test facilities for technology development at DLR

20 kW Solar!

25 k\W Solar Furnace

Cologne site Julich site
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z—- Research at DLR with solar rotary kilns 4#;;

Batch-operated concepts
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Solar Aluminum Recycling in a Directly for a solar-powered air Calcination of kaolin as
Heated Rotary Kiln separation process proof-of-concept

v

Time

www.pysolo.eu J. P. Rincon Duarte| PYSOLO | 06 Nov. 2025 9


https://doi.org/10.1016/j.jclepro.2023.137611
https://elib.dlr.de/131236/
https://elib.dlr.de/108902/

z- Research at DLR with solar rotary kilns #DLR

PYSOLO . )
Calcination of materials

CemSol

i 2021-2025
SOLPART CALyPSOL Solar calciner 65 kW,
2016-2020 2018 — 2021 calcination > 90% achieved
https://doi.org/10.1115/ES2024-130660 Ex erimenta| campaign Sep-
https://doi.org/10.1016/j.solener.2019.01.093 Carbonator reactor for p Oct 2025
Solar treatment of solar calcium-looping
cement raw meal cycle
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z—- Research at DLR with solar rotary kilns

PYSOLO .
Thermal storage applications

RedoxStorE, 2019

https://doi.org/10.1016/j.apenergy.2021.118271

Storing solar energy in
redox particles

PYSOLO, 2023 - 2027

https://doi.org/10.1115/ES2025-156580
Solar rotary kiln
integrated in a
biomass pyrolysis
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Time
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z— Some challenges for technology development 4#7
DLR

PYSOLO

Scaling down rotary kilns?
Difficulties to find material suppliers for small systems, e.g. ceramic bricks

Undesired reactions between processed particles and reactor material
CaO and high temperature steel - chromate formation

Integration of ceramic crucible in the design

Stainless steel or nickel alloys are not suitable for some processes; thermal expansion
of ceramic and metals have to be considered for the design

High temperature sealings for connection between fixed and rotating parts
Most of the commercial solutions are limited in temperature or size

Contamination of the reactor window
Turbulence inside the reactor and fine particles are critical for this reactor component

Temperature measurements of particle bed
Direct irradiation affects signal of temperature sensors
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PYSOLO

Main achievements with our solar rotary kilns

i DLR
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PYSOLO

Further technological development in project PYSOLO ‘#7

g \
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... Further technological development in project PYSOLO

PYSOLO Characterization of PHC

Optical properties of PHC in PYSOLO

Heat carrier characterization for solar

process ollvme example operation
Bauxite Olivine Sand SiC Biochar MgO
Flowability 3 2 2 2 0 1
MICROSCOPY IMAGES OF OLIVINE SAMPLES: Abrasiveness 3 3 3 2 3 3
(a) AS RECEIVED, (b) AFTER HEATING IN AIR AT 950 °C, (c) TGA 3 3 3 3 - 2
AFTER PYROLYSIS AT 800 °C. Conductivity 5 5 5 5 5 3
Volumetric heat 2 2 1 1 0 2
1.0, . capacity
e T~ e Optical properties 3 25 2 3 3 1.8
A T Price 2 3 3 1 3 1
Ny A P
S W LA \7\:&:\% Others aspects -
. % 3 / ’ Ny, Total 18 17.5 16 14 10 13.8
306 i, “f !\i‘l
g P ’"Waw t
g 'r*.'
20.4 -
G
Bauxite, olivine and sand were identified
0.2{ — olivine_a-R .
S it as the best options for the PYSOLO
-~ olivine_af-P and af-HA
00500 750 1000 1250 1500 1750 2000 2250 2500 prOCeSS
wavelength / nm
ABSORPTANCE OF OLIVINE SAMPLES AS
FUNCTION OF THE WAVELENGTH.
https://doi.org/10.1115/ES2025-156580 Publication in review process
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PYSOLO Solar receiver design

Conventional Rotary Kilns

Peak fluxes on kiln ceiling*

Impaired optical efficiency/

WS
b ' solar field design*

Desired Solar Rotary Kiln

Increased distribution of flux

3 Improved optical efficiency/
, ' solar field design

30° Tilt
|
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Further technological development in project PYSOLO ‘#7
DLR

3 o
(1l W

Ongoing solar receiver design and commissioning
15 kW, power
Open and closed operation

System inclination up to 20°

To be tested at the solar simulator and solar furnace
in Cologne
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PYSOLO Solar receiver design

... Further technological development in project PYSOLO ‘#7
DLR

Room temperature setup to understand:
How time of passage is affected by steep inclination angles

Increase in passage time possible with internal lifting
structures

Results presented at SolarPACES 2025, publication in
review process

Internal Lifting
Particle Material ~ Olivine (d, = 250 um; p, ~ 1900 kg/m?) Structures

Inclination Angles  3-30°

Rotational Speeds 1-8 RPM (For rolling regime)

Mass Flow Rates 10-130 kg/hr
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PYSOLO Solar receiver design

Further technological development in project PYSOLO

i DLR
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z— Outlook

PYSOLO

Finalize
commissioning
of solar receiver

Integration of
internal structures

Experimental testing at the solar
simulator and solar furnace in
Cologne scheduled for 2026

Validation of model for solar
receiver (POLIMI-DLR)

i DLR

Support activities for the overall system analysis and scale up

WWw.pysolo.eu

2026 2027

J. P. Rincon Duarte| PYSOLO | 06 Nov. 2025

v

19



z— Outlook

PYSOLO
Research activities at DLR

Sand Copper
sintering recycling

|

Further development
of the technology and
expansion into other
areas such as

Colemanite Bricks
processing sintering

|
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Thermal
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PYSOLO Thank you for your attention!

Juan.RinconDuarte@dlIr.de
DLR — Institute of Future Fuels
Department of Solar Chemical Process Development

And special thanks to Stefania Tescari, Martina Neises-von Puttkamer, Lamark de Oliveira,
Bruno Lachmann and the rest of our DLR-colleagues who have contributed to the
development of solar rotary kiln technology at DLR
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