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Introduction — PYrolisis of biomass by concentrated SOLar pOwer
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Introduction — PYrolisis of biomass by concentrated SOLar pOwer
PYSOLO ,I Open receiver

air atmosphere conditions

>

= Solar

@ rotary kiln Closed receiver = with window

T controlled atmosphere conditions
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O o — ' Bio-0il | Bio-Char Soil Amendment | Non-dispatchable
(g IS DLR solar simulator - Cologne : Renewables
0 S H |
m g Vi :

O [
T\ ay =
S Z— "B —9
m = (] (] Second Generation Purolysis Reactor Pyrogas Internal : Renewable
< g Heliostats Solar Tower Biomass = Combustion Engine : Elecjricitg

| Why Particle Heat Caerier (PHC)? | Cold Particles ) < '
B3 Hot Particles Auger reactor E
v'Heat transfer medium
v'Energy storage = continuous process Fluidized bed
v'Flexibility to achieve higher temperatures than molten salts reactor
T > 550 - 600 °C https://pysolo.eu/
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Introduction — Biomass feedstock and PHCs in PYSOLO

£ Mapping of solar and biomass resource in Italy,

g Spain and Greece

2 . . . N

o v Pine wood chips chosen as biomass &

5 feedstock -
LN 5
N &
a o Evaluation of the suitability of several materials magnesium -
0 S as PHC for the process = aluminum oxide, bauxite ~ oxide (MgO)
Ll ¢ : . : : . silicon livi

5 bauxite, calcium oxide, calcined flint clay, carbide (SiC) olivine
E : magnesium oxide, quartz, sand, silicon carbide R

2 o =% 5
0 = and steel
L3 .

v Five PHCs were preselected

>
)

*The use of biochar as PHC is considered in the PYSOLO project, but it has not been included in this study
due to the considerations for the samples preparation of this study = use of an open solar receiver
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Introduction — Importance of absorptance and thermal
emittance. Which values are the best?

PHC for Concentrated Solar Thermal
solar = heat

y

%

7
1 = Absorptance Thermal emittance
N ¢
o g High values in the solar spectrum
S :g) — optimal solar energy capture
L ¢
W = ‘
= = High values Low values
TE —> facilitate effective thermal —> avoid undesirable heat
3 radiation release dissipations
AN

Immediate heat utilization Prolonged heat retention

Based on 2024, Kyu Bum Han et al.
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Research questions - PHCs in PYSOLO

Previous studies have determined these properties for fresh- and oxidized samples (in air) of
bauxite, SiC and sand **

L4

but

l

There is insufficient data on:

- olivine and MgO

- PHCs when exposed to pyrolysis conditions
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* How do the solar absorptance and the thermal emittance of PHCs
change during the different stages of the PYSOLO process?

Ly * From the solar point of view, which PHC is the most suitable for the
PYSOLO process?

**2020, Chen et al.; 2021, Chen et al.; 2020, Diaz-Heras et al.; 2019, Palacios et al.; 2025, Sutter et al.; 2025, Schroder et al.; 2022 Chen et al.; 2023 Chen et al.

The American Society of Mechanical Engineers

ASME®



Methods — Sample preparation

Different stages of PHCs in the PYSOLO Preparation of samples

> process considering an open receiver

E

@©

=

[c Fresh PHC .

a biomass -

n ﬂ Samples heated in

> ﬂ . air at 950 °C

5 Heated As received (heating of fresh

0 =>|_PHC |~ samples = S

= PHC in solar
(l.f“) ° '.A‘L.Jger / receiver)
o = & Fluidized bed

[0}
NN 5] & reactor

% Post-
noe pyrolysis
LLI g Solar rota ry kiln heated Heating of'PI.-IC . Sample.s expos.e_d to
Tk after pyrolysis in air pyrolysis conditions

2 PHC at 950 °C = (PHC in contact with
E *GE) (PHC are sent back biomass and heated in
‘2 = to solar receiver) N2 at 800 °C)

(o)}

PHCafter |.. PHC / char
pyrolysis separator

>
)
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Methods — Sample preparation: PHC during pyrolysis

Material characteristics:
* Mean particle size of PHC samples 250 — 300 um
* Pine wood chips with an average size of 8 mm

Devices:
* Tubular furnace operated in controlled
atmosphere conditions = N, used as inert gas
= '”ﬂi‘;’;anIl * Mass Flow Controller to set gas flow
| T —— * Temperature readers to measure temperature in
; T-measurement ' position of the sample holder and gas outlet
s | e"‘ces * Isopropanol bottle for cleaning gas
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Methods — Reflectance measurements of particles with
spectrometer and spectrophotometer

>

I'S Measurements were performed at room temperature M . d .

2 following the SolarPACES guidelines for measuring CASURINELLCVICES

g reflectance, absorptance and emittance of particles [2022,

)

o Sutter et al.] wavelength / um

% Reflectance of particle sample (R) is measured in a 04 07 1 2.7 3 5 8 16 50

= . .

0 spectrometer/spectrophotometer = crucible and window < visible | NIR| ~ swiIR MWIR LWIR >

o=
LN s are needed to hold PHC sample 0.25 25
N S < 7 >
O: | !

()
N = Fourier Transform

o Perkin-Lambda 950
o Sl Spectrometer FTIR
LLl g P P Perkin Elmer

QO
(7)) E Blackbody spectral emittance at Estimation of solar Estimation of
& Estimation of solar temperature of interest (M) absorptance thermal emittance
= absorptance < DLR-Cologne DLR-Almeria
g Estimation of

A= 1-R » thermal emittance
(Es)
NIR: Near infrared, SWIR; short wave; MWIR: medium wave infrared;
*Assuming emittance = absorptance LWIR: low wave infrared
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Methods — Estimation of solar absorptance and thermal

emittance of PHC

Based on 2022, Sutter et al.

Measurements and procedure to estimate
solar absorptance of particle sample

Measurements using spectrophotometer device
zero line of the device (1,)

window transmittance using the standard white reference (t,,)
window reflectance with black cover (I,,)

base line with the standard grey reference (1)

window + standard grey reference (1, 41)
PHC in crucible + window (I, )

oA wNE

]
Labsphere

Certified near-normal hemispherical spectral
of reference coupon = SRS-05-020

1 ]

Calculation of reflectance of window and window+PHC

Labsphere

I, — I,7,,° L
Pw = T Ry Pw,s = ILSR#l
Iy #1
Calculation of reflectance and absorptance of particle sample
2500 nm
R — Pw,s — Pw ) f320 nm Rs(1) - Gy (/1)d/1
s sh — 2500
‘L'w2 + pw (pw,s i pw) f320 mrrllm Gb (A)d/l
A= 1—R;

Measurements and procedure to estimate

thermal emittance of particle sample
Measurements using spectrometer device
zero line of the device (1)
base line with gold reference (I4)
base line with grey reference (I4,)
window reflectance with black cover (I,,)
window transmittance using the gold reference (t,,)
window + gold reference (1, 41)
window + standard grey reference (I, 42)
PHC in crucible + window (I, )

)

e SSUS) SR ol b

R.() - 2mhc
) Bbng hc
2° [e(m) — 1]
[y i1 = Ry(A)IMp (A, T)dA
PR 16um e (A, T)dA
f2_5 pm bb( ) )

T =05 G5
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Results — Appearance of PHCs during different process stages

as received post-pyrolysis pyrolyzed samples

_ as received after heating in air
bauxite - —
bauxite 4
SiC
SiC
olivine
olivine |
sand
sand
MgO
MgO

* Olivine, sand and MgO became evidently darker due to their contact with the pyrolysis products (char, tar, oil)
* The dark color gained after pyrolysis is lost when samples are heated in air again
* Exposure to heating in air caused notable changes for olivine and sand
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Results — Solar absorptance of PHCs

As received materials Olivine samples
> 1.0 T 1.0 _
E ;&TMMWWW—‘WW\'G‘MMWFW WY u’! " v ; v
© AN P
= ] o
T 0.814: 0.8
-0‘;)' L':;,‘-. ‘ i
> L W\ z
= © 0.6 = - g 0o
() ] ALY ]
(= c = c
L] o R 3
10 S a " I 5
(o] k::‘ - I \"\"" ‘z'«-""g“l;\?mm“_ . ,‘\"‘\,". i 'délil !‘;ﬂii’E @]
N 8 -r.l: 0.4 \; lL1'L/\‘;'5iﬁ,\,‘\!’;‘.‘vﬁa !Y ‘I'l:: “: "‘v‘w"l‘;f}c:‘fw w“ | ! . _‘,j 'l \Jw l.‘.,,".r\.’i\j’!' ,l“lih:‘,‘_f“l{y,‘i;“:fii:‘ﬁﬂll‘;!ﬂi’" iJ Iq :_ -r.lg 0.4
o @ . l,,a,ﬁ-.i\i,.qi(:,’x_;!‘{c'ri‘ «‘krﬂu'w Mm&};"\‘fﬁiﬂj"ﬂjﬁw"“’ﬁk‘"*""'K"jE‘\“"""*';'*’;v'ﬁ;"‘.l"\i*'l,']*.|1H|§"~ﬁ‘ J‘\ #| /
N i —— bauxite_a-R ' AN o
g 0.2 ‘ ' 0.21 — olivine_a-R / %,
m @) - SiC_a-R = 0livine_af-P
a0 - sand a-R olivine_af-HA
L 5 MgOa-R | olivine_af-P and af-HA
L S 00" 560 750 1000 1250 1500 1750 2000 2250 2500 00°""500 750 1000 1250 1500 1750 2000 2250 2500
E = wavelength / nm wavelength / nm
0=
=
L3

* For the fresh samples: the darker materials (bauxite and SiC) showed the highest absorptance, followed by
olivine, MgO and sand

>
)

* For the olivine samples:
* The change in color due to pyrolysis increases the optical properties of the fresh samples
* The heating of samples in air also affects the solar absorptance
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Results — Solar absorptance of PHCs
| |

> .
E Af.ter : After After pyrolysis
= . heating in . and after
= As received ' pyrolysis at ...
G air at 800 °C heating in air at | -
a 950 °C 950 °C ncrease of more
) than 3 points
e compared to fresh
LN S 0.90 0.96 0.90 0.96 sample
N 8
O& 0.96 0.97 0.96 0.93
(N2 Decrease of more
7)) 5 0.70 0.80 0.93 0.81 than 3 points
(TTe compared to fresh
L 9 0.53 0.53 0.89 0.54 sample
> 3 0.49 0.46 0.88 0.43
V)
Iz

* Heating of samples in air is very beneficial to improve the absorptance of SiC and olivine, but not for bauxite
and sand

* Exposure to pyrolysis conditions increased the absorptance of olivine, MgO and sand

* Heating of pyrolyzed samples in air results in absorptance values similar to those of heating fresh material

>
/]
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Results — Thermal emittance of PHCs

! !

As received After heating After pyrolysis at

in air at 950°C 800°C

Increase of more than

0.90 0.92 0.90 3 points compared to
fresh sample

091 0.88 0.89

0.85 0.74 0.89
Decrease of more than

0.63 0.53 0.92 3 points compared to

fresh sample
0.77 0.72 0.84
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The estimated thermal emittance at 950 °C:
* Decreased for the heated samples in air of bauxite, olivine, MgO and sand

>
)

* Increased for the pyrolyzed samples of olivine, MgO and sand
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Results — Best PHCs for the PYSOLO process from the solar
perspective

PHC for CST

solar = heat
|

v v
Absorptance Thermal emittance -

=

E

e

£

@

S

e High values
1N 5
(N
O ‘

()
8 é High values Low values Best candidate(s)
LLI g T 1 closed solar receiver
E g gained during pyrolysis
n
<z MeD, [olivine| | sand

SiC,
AN .
S bauxite,
olivine

** In the PYSOLO project, additional environmental, technical and economical
aspects are considered for the final PHC selection (upcoming publication)
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Conclusions

* The absorptance and emittance of olivine, sand and
MgO are significantly affected by the process
conditions

Olivine samples

 The gain in absorptance and emittance due to the
pyrolysis stage is lost if PHCs are oxidized in air,

500 750 1000 1250 1500 1750 2000 2250 2500

which is the case for an open solar receiver

--= olivine_af-P a
0.0

 For all conditions tested, SiC and bauxite showed
high absorptance and emittance = suitability for
open receiver with immediate heat utilization

19th International Conference on Energy Sustainability

ASME ES 2025

e For an open solar receiver, olivine is also an
interesting PHC offering prolonged heat retention
than SiC and bauxite

>
)
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Outlook

2025 2026 2027 >

—

Evaluate if the optical properties
change when PHCs are transported
or treated in the solar receiver (Does
the dark color gained during
pyrolysis disappear?)

Experimental campaign
with the two best PHCs

Tuning of solar receiver for

experiments with char as PHC
Integration of other process constraints for

the selection of the two best PHCs for the
PYSOLO process
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)
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PYSOLO

Thanks for your attention!
Questions?

Juan.RinconDuarte@dlr.de
DLR - Institute of Future Fuels

Department of Solar Chemical Process Development
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Materials

é Composmon/ Bauxite | MgO | Olivine SiC Sand
G Diameter
S Sio, 23.5 5 42 99.5
5 Al,O, 76 1 0.4 0.13
10 S Fe,O, 3 4 7 0.2
N Q
oS MgO 83 50
N & CaO 5
n S Cr,0, 0.3
T NiO 0.3
L © SiC 99
> 3 C free 0.5
gg =
- .
- Mean Particle =, o oo o B S0 300 250
7T Diameter / um
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