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The greenhouse  effect
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Composition [vol%]*

N2 78.084

O2 20.946

Ar 0.934

CO 2 0.040

Ne 0.00182

He 0.00052

CH4 0.00017

Kr 0.00012

H2 0.00005

N2O 0.00005

H2O 1.000

* Numbers do not add up to exactly 100% due to roundoff and uncertainty. Water is highly variable. Source: NASA
Figure: Robert A. Rohde / Wikipedia - https://commons.wikimedia.org/wiki/File:Atmospheric_Transmission.png

Greenhouse gases
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Synhelion absorbing gas receiver

.ƭŀŎƪ ŎŀǾƛǘȅ

{ƻƭŀǊ
ǊŀŘƛŀǝƻƴ

²ƛƴŘƻǿŜŘ 
ŀǇŜǊǘǳǊŜ

¢ƘŜǊƳŀƭ 
ǊŀŘƛŀǝƻƴ

I¢C ƻǳǘƭŜǘ

I¢C ƛƴƭŜǘ

The IR radiation-absorbing (greenhouse) gas is heated by the thermal radiation of the receiver walls and acts as heat transfer fluid (HTF). 
Temperatures in excess of 1Ω500°C can be reached.

G. Ambrosetti and P. Good, Solar Energy 183, 521-531 (2019)
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Receiver eɆiciency vs. scale
The effectiveness of the absorbing gas volume increases with the number of molecules in the volume, requiring large receivers for 
optimal performance at atmospheric pressure.

From G. Ambrosetti and P. Good, Solar Energy 183, 521ς531, 2019. Results for windowless receivers with H2O vapor at 1 bar and Tin=1000 KΣ ǎƻƭŀǊ ŦƭǳȄ ŀǘ ŀǇŜǊǘǳǊŜ мΩнлл ƪ²κƳ2. Adiabatic walls. 
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Synhelion receiver versions
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IMDEA
50 kW
0.31 m
0.16 m

Commercial scale

Synlight
250 kW
0.80 m
0.56 m

Nominal power:
Cavity diameter:
Clear aperture diameter:

MFT
250 kW
0.80 m
0.56 m

5!²b
слл ƪ²
мΦсл Ƴ
лΦут Ƴ

SM4
5 MW
3.57 m
2.52 m



February 2017: conception August 2019: 250 kW pilot

First 250 kW prototype (2019 - 2020)
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Test rig at DLR Synlight  solar simulator

CǊƻƴǘ ŦƭŀƴƎŜ 
ŎƻƻƭƛƴƎ ǎȅǎǘŜƳ

Window cooling 
system

Receiver 
prototype

De-superheater 
stage

Steam feed 
control stage

Steam pre-
superheater

Receiver prototype

Å 0.8 m cavity diameter
Å 0.8 m cavity length (cylindrical section)
Å 0.56 m clear aperture diameter
Å Horizontal orientation
Å Operated with steam at ambient pressure



Receiver tests



Achievements:
Steam outlet temperatures beyond 
1ȃ550°C
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1 1

Stable operation at 1ȃ200°C

Tout

Tin

ἳǎǘŜŀƳ

Solar flux at aperture = 809 kW/m2

vǎƻƭŀǊ

measured ́rec

simulated ́ rec 
in steady-state

P.Good, AlChE Annual Meeting 2020



T
U

R
N

IN
G

 S
U

N
L

IG
H

T
 I

N
T

O
 F

U
E

L
.

1 2

Maximum temperature beyond 1ȃ550°C

Tout

¢ƛƴ
ἳǎǘŜŀƳ

Solar flux at aperture = 874 kW/m2

Qsolar

measured ́rec

simulated ́ rec in steady-state

tΦDƻƻŘΣ !ƭ/Ƙ9 !ƴƴǳŀƭ aŜŜǘƛƴƎ нлнл
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Synhelion Receiver VersionsDLR MFT
(2022 - 2023)
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1 4

Solar reforming test rig
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1 6

Typical receiver temperatures during test
The receiver outlet temperatures are limited by the reformer maximum allowable inlet temperature.
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IMDEA
(2022 -2023)
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1 8

Solar cement test rig with 50 kW receiver


