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Introduction

» Solar Heat for Industrial Processes (SHIP)

v’ 32% of global energy consumption is used in industry.

v’ 74% of industry energy consumption is thermal
energy.

150 °C TEMPERATURE RANGE
| INDUSTRY LOW TEMPERATURE (T < 150 °C) : MEDIUM TEMPERATURE ( 150 °C < T < 400 °C)
| CHEMICAL - Boiling . - Distilling
FOOD - Boiling - Drying
& BEVERAGE - Pasteurising - Sterilising
( MACHINERY - Cleaning - Drying )
1 H 1
MINERY - Copper electrolytic refining - Nitrate melting
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| TEXTILE - Washing - Bleaching - Dyeing
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WO0OoD - Steaming - Compression - Drying
- Cooking - Pickling
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Flat plate PTC / CLF non-evacuated receiver
(T < 100 °C) (100 °C < T < 250 °C)
1
Vacuum tube (T <120 °C) ] : [ PTC / CLF evacuated receiver
H (1] 0
Vacuum tube CPC [EUETi B I0ME)

(T < 150 °C)

Flat plate Vacuum tube Vacuum tube CPC Parabolic Trough Collector Linear Fr&®hePCollector
(PTC) (LFC)
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ENORMOUS GLOBAL HEAT DEMAND IN INDUSTRY

M indusiry Compact Fresnel Receiver ('E)g;fv-g[‘g heat
Transport g

o ) ’ . Boiling, pasteurising,

Ml Residential 45 % coa sterilising, cleaning, drying,

. Other o toa washing, bleaching, steaming,

pickling, cooking.

Medium-temp heat
(150 to 400 °C)

Distilling, nitrate melting, dyeing,
compression.

High-temp heat

(above 400 °C)
Material transformation
.................................................. processes.
* 9 D/O Renewables
1 O/o Other
TOTAL FINAL ENERGY CONSUMPTION 2014: 360 EJ (EXAJOULE, see Glossary page 17); IEA [1] IRENA [2]

Source: Solar Payback, Solar Heat for Industry — Solar Payback, 2017

Compact Fresnel Receiver

v" 30% of heat consumption occurs at temperatures below 150

°C, 22% at intermediate temperatures between 150 °C and
400 °C, and 48% at high temperatures above 400 °C.
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Proposal of a nhovel compact solar receiver m

> Compact solar receiver for linear Fresnel collector

1\
Pressurized
gas Compact
structure

'-I\\
-“:

Glass wmdow (for high T) ﬂ =
Concentrated K

Concentrated solar radiation

solar
radiation

» Concept already explored for central solar receivers
(microchannel radial solar receiver, SolarPACES 2024) _

» Key advantage: using high-conductivity materials at low- and medium-temperature,
the compact structure performs as a heat sink.

Materials:
* LFR: CuCrZr alloy (C18150) =»Thermal conductivity k = 340 W/m/°C
« Central receiver: Inconel 617 =» Thermal conductivity k = 22.5 W/m/°C
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Proposal of a nhovel compact solar receiver m

» Why use pressurised gas?

Working
temperature

Heat Transfer Fluid Advantages Disadvantages

I_Flaﬁm_abithy 51d_pot?ntia_l t&ic?y risks.

: Pgov_i'rjiﬁ(z;tpro'ogy f°f I:(near celeaerE: - "Dirett Thefmar stérage capacny 15 liFmitay by the above risks; indirect
Synthetic Thermal Oil . TG oga heat traer:esfgge?lffcie_nc_ I thermal storage is possible as an alternative (at higher cost)
, TRomm e e + Thermal degradation at high temperature (390-400°C)

Good control and operational flexibility

Relatively high cost

* Proven technology for point-focus and linear collectors.

* Easy coupling with most industrial processes (direct steam| I_CoTanx a) n?olz) h;s e_cha_ng;'
T <400 °C ) eneration). . — — — — R gy g - :
Water-steam . I%oo I e e CTey | l:Dlrﬁt_IEem\aEtQLél%f capacity 1s limited by heat capacity
e e — » Freezing risks at 0
» Low cost and widely available = e = - - =

* Unproven technology, not commercially available

+ _Difficult to_implement a cost-effective direct thermal storage __ __ =

» " Low heat transfer efficiency

« I High compression work required because of pressure loss and low l
| density |

O&M and control
How to overcome challenges in pressurised gas Heat transfer and pressure loss

Fluid stability over a wide temperature range
Non-corrosive and non-toxic

Good control and operational flexibility

Low cost and widely available

Pressurised gas

v" Since it is a closed circuit, gases other than air can be used: CO,, N,, He, which may have more suitable
thermophysical properties (high density at high pressure).

v" Pressurised gases are particularly suitable for compact structures: compact receivers that that enable smaller solar
fields and reduced exposed areas (hence lower heat loss).

v A novel direct thermal storage system has been developed and is to be patented.

—
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Proposal of a nhovel compact solar receiver m

» Why use pressurised gas?
CO, density increases with pressure

Specific Heat 0 - ~ 7 Density @ T —~ ~ -
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Proposal of a novel compact solar receiver

» Why using compact geometries?

» Robust technology: Compact Heat Exchanger (CHX)

» Compact solar receivers
< Smaller primary mirror fields for the same required thermal power

c Lower investment costs.

» Compact solar receivers

S

Reduced absorber area

S

Lower heat loss from the receiver to the ambient.
» Improved convective heat transfer coefficient compared to conventional tubes.

-
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Methodology ﬂ

» Case study: assessment of a compact solar receiver integrated into a FLT20 Fresnel collector

v FLT20 Fresnel collector for solar heat production (SOLATOM company)
* Simplicity and low investment cost
* Integration of a pebble bed thermal storage

Primary mirror field

Number of primary mirrors
Module width (m)

Module length (m)

Mirror width (m)

Mirror height above ground(m)

Receiver height above primary mirror surface (m)

Mirror reflectivity

Solar receiver

Type of solar receiver SCHOTT PTR 70
Thermal emittance at 380°C 0.09

Solar absortance 0.95

+ [. Suppert struciure
* 2. Primary reflediors

* 3. Receiver, consisting of secondary refledor and vacuum
absorber lube
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Methodology

» Case study: assessment of a compact solar receiver integrated into a FLT20 Fresnel collector

v' Conventional receiver in FLT20 Fresnel collector
* Single tube with a CPC-type secondary reflector.

dog = 2199 mm
Wap = 363.1mm

A
\

W

aperture ‘ c ' | }] solar

v' Compact solar receiver
* Trapezoidal cavity, no glass window at the aperture.

Whanetrec = T - dg = 219.9 mm

p i .
: IWQaneI,recI :
Wap = 363.1 mm —
o —
Pres::srlsed Compact

structure

Open trapezoidal cavity

Concentrated

omparative ! radiation

Data provided by the manufacturer for 1 module performance

A
\ 4

W

aperture

Direct Normal Irradiation (DNI, W/m?) 900 e Pressurised fluid: CO,. N... He
Ambient temperature (°C) 30 | 20 172 )
Module orientation N-S * Fluid inlet pressure: Pin =5-30 bar
Incidence angle modifier (-) 0.979 Performance ° . . _
Optical efficiency (%) P framework Channel width (cuadrangular shape): W, =6 - 16 mm
IR G e e 2 120 * Number of rows (solar flux direction): N, =2 -3 -4
Outlet fluid temperature (°C) 180 Useful
Useful Heat Gain (kW, 14.5 .
- Heat Gain
—
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Methodology ﬂ

» Some definitions and assumptions

* Receiver integrated in a FLT20 collector: Agpsrec = cte, Qinrec = cte.
\

Fluid inlet pressure: P,, = 5 - 30 bar
Channel width (cuadrangular shape): W, =6 - 16 mm

Number of rows (solar flux direction): N, =2-3-4
J

trin (thicknessfm) & tplate( thicknessplate) =f (Pfluid: Wch)
Req,total = f(hconv» Wch: tfin» tplate» Nrows)

Fin between

channels Back plate

Quadrangular

channel
4 Intermediate
.)\[ilate

1., accounts fc

- =

—’Q A heatloss
Jcloss,

Energy efficiency:

Nen = QHTF . Qsolar, in
en -_— . -_— .
Qsolar, in Qsolar, in

Qloss = Qloss,rad + Qloss,conv + Qloss,ref

E ﬁ: : Temperature | \A
o dient |
xergy efficiency aradien
AE channel rows
XHTF ~— .
"% ™ Exsotar, m ; | i
Xsolar, in 1., accounts for .

pressure losses
~

T, 7 P,
AExyrp = thyre - |AR - |1 — — R-Ty-Id
Ts,mean \ Pout . 1

~ -

\2?! -

| Frontal plate

8

Concentrated
solar radiation
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Methodology
» Effect of the channel width W, (from 6 to 16 mm)

For P,, = cte, N,,,,s = cte: Increasing channel width is beneficial for the pres\sure loss but reduces heat gain.

v 1Wch _>1 Reonv (= 1/hgony) & 1Rcond(~ thickness) —}1 Req,total (1 Qloss) > ‘nenergy
1nexergy for lower N, &‘nexergy for higher N,
v 1W0h —>1Uﬂuid —> lAPquid (Pressure loss) J (0,055 Significant)
Rth,eq & Text vs Wch

(002, Pin =15 bar, was = 4)

= = CO,,P. =15bar, N =4
78 190 a5 - (Icqzyl Pm I 15 ‘bér, ‘erovu(s , 4") | o g5 ( | 2’ " in ‘ ‘ rows ‘) 20
gm i 188 345}
s - ‘
O76Ff 1186 —~ I |
e e o 345 84 nenergy 29
[(}] -~ - kY — —_—
075} ’ 1184 o EY = =4 X
," <= e
2747 ext_-® 1182 © 2 33 g 283" {28 2
@ g x > ® k) P9
x7.3 1180 £ @ 325" 3 = =
© & 3 @ ) T
E72f 78 = = 32 5 >go | 127 >
: : 5 > : > 3
= I [ [J]
I; 71 176 % X 3.15 o uﬁ 7]exergy u’j
o w P o &, I
g T¢ 174 3.4 81 %26
Ogol 1172 205 *
6.8" : : ' ' 170 y . ‘ ‘ ‘
3 - - : : 80 25
6 8 10 12 14 16 6 8 10 12 14 16 6 8 10 12 14 16
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Energy and Exergy Efficiency vs Channel Width

Channel width (mm)
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Methodology

> Effect of the number of rows N

rows (from 2 to 4)

For P,, = cte, W, = cte: Increasing number of rows is beneficial for the pressure loss but reduces heat gain.

v 1Nrows —»1 Reonv (= 1hcony) = 1 Req,total (1Q.1055)\

v 1Nrows —>1 Ufiiid e 1APquid (Pressure loss)

(=]

[3)]

Overall Thermal Resistance (°C/W)
w B

Rth,eq

(CO,, W

&T .vsN
ex

t rows

=8 mm, P. =15 bar)
ch in

3

Number of rows
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180
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1175

1172.5

1170

1167.5

1165

1162.5

160

External Temperature (°C)

Heat loss (kWth)

‘77 energy

Heat and Pressure Losses vs Number of rows

(COZ, Wch =8 mm, Pin =15 bar)

3.5 "’
3.4, 1
33
130
3.2 r/QI:SS/'
125
31
h 120
29+ ”
2.8%..
= 110
27} —...AP
________________ j 5
a6l e ®
2.5 I °
2 ° 4

Number of rows
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Pressure loss (kPa)

> .
fnexergy for smaller W, &‘nexergy for greater W, (Q,,ss Significant)

Energy and Exergy Efficiencies vs Number of rows

(002, W _, =8 mm, P, =15 bar)
ch in
85 ! "
I\\
84| Nenergy "
> >
el - | £
................ :
:§ ¢ T]eXGrgy ;E
% @
1 124 >
9 2
: 4]
: >
m 1]
81 L
80 | )
2 ; 4

Number of rows
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Methodology

> Effect of the inlet fluid pressure Py,q;, (from 5 to 30 bar)

For W, = cte, N,,,,s = cte: Increasing working pressure is beneficial, both for the heat transfer and for the pressure loss

v 1Pﬂuid,in _>1 Rconv (~ 1/hconv) &1Rcond (~ thiCkneSS)_> l Req,total (1anin) 17]energy 1nexergy

v 1Pﬂuid,in —Pl Unuig (~ 1/Pquig) & 1 Pivid => 1Apﬂuid

Threshold pressure ~ 10 — 15 bar:

_J asymptotic efficiencies beyond this value.
Rth,eq & Text vs Pﬂuld,ln H t d P L I I t P . .
(CO.,W_ =8 mm, N =2) eat and Fressure Losses vs Ihiel Fressure Energy and Exergy Efficiencies vs Inlet Pressure
2’ ""ch > “rows (Coz, Wch =8 mm, Nrows =2) (CO_,W_ =8 mm,N =2)
LT 2 A O A S S 175 35 ‘ ‘ ‘ . 40 2’ "ch '’ “rows
| Se 85 ; . ‘ ‘ 130
—~1.44 347", o— o —a ——
% 1434 1173 s 1% Yenergy I L
e | o 3.3r ¢ 84- P A S *
e e e et e e Pt e e o e e S 7. e e e e
S 1 o 130 — -7, 125
. | g _. 32 o Q o Texergy =
= S— ’ S—
@ 1. 1711 ® = Q {25 £ > ] >
7 | E’. i 3.1 £ . loss i @ %83 I 22.5 %
x o] - 2
— E A r \\ b — Q
z s 8 ° . B = 20 g
E1. 1169 5 g 29 ® = -
= , : . 82"
=4 5 T AP g B 75 B
= £ 28/ b o c 5
1. 167 W . I . 10 Wl 15
> . i o 81/}
0 ) S e S S e N e e e s s et e s s e e i L] [ ]
- ] 2.6 5 112.5
138 10 15 20 25 300 2.5 | | | ' 0
5 . 80 : : ‘ : 10
5 10 15 20 25 30
Inlet Fluid Pressure (bar) 5 10 15 20 25 30
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Methodology

» Effect of the working fluid (CO,, N, or He)

V' APy < APcop < APy, but Puouercoz < Poiowernz < Poiowerte = NMex,coz > Nex,He > Nex,n2
v" Threshold pressure ~ 10 — 15 bar: asymptotic efficiencies beyond this value.

v anm and n.nergy Very similar for all the fluids, and greater than using a conventional single-tube receiver.

Blower Power and Pressure Loss vs Inlet Pressure

Energy and Exergy Efficiencies vs Inlet Pressure

W g N 2) Useful Heat Gain vs Inlet Pressure
=8 mm, = = = = =
2 ch rows " (Wch 8 mm, was 2) (W.:h =8 mm, was =2)
‘ ! ' 85‘ ‘ ‘ 7 ‘__ 330 20 ‘ ‘ ‘ ‘
i AP ' ' 8 w
18 P, blower i Q - —
by - coz - 002 ] 50 T’energy i 275 18 galn Heat galn 1 7 kWth
16 L R e—mnmmITITES :;:;:::;r;.—_.—_.'_—:‘ [ t
oN oN 84 I e, TN t -------- 16
=14 . H2 . H2 = — ,/”,::;" """" - !: 125 =T e S e e e e s b b ek ety ot o by B
‘ e e | 3 e S 4] o =
T 402 | z Heat gain = 14.5 kW
= 12 w PARREY L4 ik 12258 c 12/ ' o
g 2 § g = (manufacturer)
01 130 = Q AN | 1 o o i
5 2 o > o
: ¢ B msd I8
° 120 @ 5 / ) 2
m o c I Tenergy  Mexergy x o 6 Q .|
I1] i 11} 7] t t gain
i = CO, =CO 15 3
81/ H 2 2 s CO
i 4 2
10 { o N oN ' '
/ 2 2 1125 of ! N,
‘ | o S ¢ He ¢ He ¢ He
P 80 : : : : 10 0 ‘ ‘ ! ]
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30

Inlet Fluid Pressure (bar) Inlet Fluid Pressure (bar)
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Inlet Fluid Pressure (bar)
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Summary and Conclusions m

v Compact pressurised-gas solar receivers enable efficient, low-cost, and scalable solar heat supply for industry:
v Compact receivers require smaller mirror fields (lower cost) and smaller absorber area (reduced heat losses).

v Compact structures perform as a heat sink. The working temperatures for low-medium processes enable the use of
materials for the fin core with high conductivity.

v The use of pressurised gases enhances heat transfer and reduces pressure loss and blower power.

v’ Effect of different parameters:
v Channel width:tWCh #‘nenemy; 1nexergy for smaller Wy, & 1.xerg, fOr greater W, (0,055 Significant)
v Number of rows:tNrOWS#‘nenergy; Tnexergy for lower Nygus & TMexergy for higher No,,¢ (Q10ss significant)

v’ Inlet fluid pressure:t I:)fluid,in —Vt nenergy;tnexergy
Threshold pressure ~ 10 — 15 bar: asymptotic efficiencies beyond this value.

v" Working fluid:
v anm and nenergy very similar for all the fluids, and greater than using a conventional single-tube receiver.

\/ AI:)He < AI:)COZ < AF)NZ but I:)blower,COZ <P blower,N2 <P blower,He = 77696,602 > 77ex,He > 77ex,N2

-~
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Future Work m

v’ Laboratory test campaign of compact solar receiver samples in the pressurised-gas experimental loop at IMDEA - Energia

facilities:
Experimental loop carried out
during the Ph.D.:
zi lea Application of compact flow

channel geometries to
pressurised solar receivers: a
numerical and experimental
analisis”

(David D’Souza, 2023)

v" Novel design of a sensible heat storage system for pressurised gases (patent pending)

v' Explore the extension of the compact solar-receiver concept to flat-plate collectors (T < 100 °C) R

v Apply to national and international project calls on concentrated solar thermal systems for industrial processes,
aiming to construct a prototype compact solar receiver integrated into a Fresnel collector.

-
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