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Introduction to TES technology: Overview

Purpose Scope Applications Benefits
Store heat Provide heat to Industry E|.1e.rgy
utilities in e CSP Plants efficiency
different e Cogeneration
conditions (from o Heat
production) regeneration Economy
from industrial
Receetar processes
Solar irradiation D H U EnVi ronmental
Flne omestic Use Sustainability
e Buildings cooling
Heat transfer fluid y BUIldIngS . ope
- . heating Availability
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Introduction to TES technology: Classification

Heat
Trasfer
Fluid
(HTF)

» Direct 2> HTF serves as thermal vector and
storage material

» Indirect = HTF exchanges heat with a
different medium (storage material)

J

Basic

*energysus,

> Active = forced

Heat heat convection

Criterion

transfer > Passive = mainly

conduction

J

Operative
phases
thermody-
namics

\
> Sensible TES—> Temperature gradient

> Latent TES = Phase change

» Thermochemical TES 2 Chemical reaction

J




( 7t International Conference on Smart Energy Systems
21-22 September 2021 s enerquusmn

#SESAAU2021 DENMARK

AALBORG UNIVERSITY
DENMARK

Introduction to TES technology : TES R&D topics for power generation

Table 4: Main objectives for technological innovation of TES with CSP

Filot Demon-

o 53?&1%) 2530 <15 <12 2590 2535 <12 Rﬁﬁ’fh BESEII{EEG stf.;acn.

E"i{':{}?}"“ >90 >92 >95 590 >92 95  40-50 m
E"f;f‘?hj;“;‘i“? 70-200 ) 30-85 800-1200
LU <0000 210000 oot it o < 1000 3000
Working :fg;perature <565 ﬁg% »700 <600 E?%g- LE;% 500-900 15335

Notes: (1) Value not availlable due to low technology readiness fevel! (2) Value dependent on the material sefection,

Source: Innovation Outlook — Thermal Energy Storage; IRENA; 2020
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TU Wien Test Rig: Description

‘\ Charge

Sischaree Shape - Truncated
\ ¢ rectangular based pyramid

Volume = 3.313 m3

» HTF - Air
» Storage material
-> Natural gravel

Active

Classification

Indirect <

Sensible
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TU Wien Test Rig: Materials

» Natural gravel
provided by
ASAMER Company
» Thermophysical —> Needed to be assumed:

properties not
available v Density > 1800 -4

v Specific heat > 1170 J_
kg K

» Expanded glass
gravel provided by
Geocell Schaumglas
Company Experimental
P Structural integrity——> jccessment
and insulation
efficiency
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Energy assessment algorythms: Performed analysis
(
Energy Exergy Dimensional
Analysis Analysis Analysis
-

Evaluation of test
rig capability to
store heat

Evaluation of
thermal hysteresis
effects

Evaluation of the
thermodynamic
quality of the
processes occurring
during operative
phases

Evaluation of the
relationship between
efficiencies and
dimensional parameters
Non-dimensional
formulation allows to
extend the validity of
energy and exergy
analysis to similar
systems




Energy assessment algorythms: Thermal hysteresis

°c

Liquid temperature,
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storage capability reduction

After a finite number of cycles, the
system is no more capable to store

heat

Phenomenon of progressive enlargment
of the thermocline thickness (temperature
gradient) of storage material with
performed cycles - System energy

Tank height, m '

* §s01409
o ¢ )=0208
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Liquid temperature,

* energyss.

SOLUTION:

Temperature criteria
Tc/d

c/d outend Trnin

out,end =

Tmax - Tmin

— cyle 1
— cycle 10

\ ' Tank height, m I

C/d - Tmin + 0

out.end ~

c/d
out,end

T AT piax
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Energy assessment algorythms: Energy and Exergy analysis algorythms

Storage material energy and entropy Air (HTF) energy and entropy

———— 4 A
Uy — Uz = psCos f, (T1(x) - Tz(x)) av Eo— Eeng = f Mgir(ho — hena)cja dt

Tc/d

o
S1—S82= PsCys [, In (T:g) dv

So— Sena = ] My (Send — SO)c/d dt
Tc/d

— Perfect incompressible behaviour (¢, ;= ¢ . .
P (Cv,s P'S) — Numerical computation

___» Properties assumed constant within the
interval [T T,

max]

4

Volumes Method
Integrals computed
with two different
methods Analytical Model
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Energy assessment algorythms: Energy and Exergy analysis algorythms

/[Volumes Method ]
J N

hp:30 volumes (1 for every thermoresistance applied)
Approximated regenerator volume
Homogeneous temperature within each volume

\_ J

/[ Analytical Model ]
J N
hp:Neglected temperature gradient along z-coordinate
Approximated temperature gradient along y-
coordinate
Approximated regenerator volume

\_ J

Uy — Uy = pscps 230V, (T — Ty);

T
$1—5, = PsCys 231)0 V; In (T_;)

i

T(x) =T(x,y,2) =T(x,y) =~ T(x)

L [~ ~
Uy = Uz = pcysfy (T1(0) ~ To(0)) dx

L T1(x)
S1 =52 = psCys [ In (’T:(i)) dx
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Energy assessment algorythms: Dimensional analysis

Quantity  Unit Quantity I
Operational Parameters Ty K Operational 11 Te M. = Iz
< I
Te K T5 out.end
T} out.ena s i T
n'.<;|af.|-rirf I{ Tr_' l[ co ! v i
i K frout,end Ty tiend ™ 2
Foout erd Af l[ B -'.iIT Af
kg/m?s T At = L p e
i
/ e D
At, Aty Ma, = 7L - Aty
Aty 8 i IM,=n
n - . i
Geometrical 11 i II; = }—f
Geometrical Parameters @ m _H
H My =71
d m " ! W
" My = T
H m
; tan o II, = tan o
[ 1m
tan o - k II.=e
£ z HTF Thermophysical 1 Cp.f I, P = % * Cp. f
HTF Thermophysical Properties Cp f J/kg K Cof 1L, e %ﬁ . Cyif
Cy f J/ke K Py
_ o I, = o
P kg/m? Ty
o ky I, = 3 B
kg W,/ m K ey )
e 1
1 Pas Hf “ﬂr = Ty “Hf
Storage material Thermophysical Properties Oy J/ke k Storage material Thermophysical IT ¢, .= ,‘r%r Cps
kg/m* : _ Tu 'IJJf
'h- ' Lh l[},\ — ml—:' " Hig
s W/m K
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Commissioning activities: Geocell RED Evaluation results

Fine particle mass Press displacement
Temperature effects
Cycle Pressure Effec Cycle Pressure Effect

100 a5

50 ap — 1
T a0 f_f-"‘"f - s — .
2 70 et el — Net increase of
: —— e £ fine particle

2 _'_______--'— i5 .
gy — B 10 generation (from

0 5
g : 2% to 6%) but

10 A o S . almost constant

a ycle Pressure [bar .

25 3 press displacement
cyele prassure bar] TR RS - e (thermal
1st Compression Effect | 15t Compression Fffect expans|on)

45 :[:

40 e ; . /./
3 e E s o= Insulation efficiency decay
$ R sl g1 // and structural integrity
1 e S - .
215 = compromised due to thermal
. = R & B 8 K 2 B expansion-compression

1 i5 2 2,5 3 — Displacement after 1st Compresson — Displacement after Cyde InSUIation efﬁCiency and

15t Cornpresson Pressure [bar] structural integrity issue
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Preliminary test: Description
[ Parameters W
\ J \
Air mass flow 150 kg/h
Charging temperature T,,, 4, 85 °C
Discharging temperature T,,;,, 30°C
Temperature criterion [Hf,ut,end; Bffut,end [0.1818; 0.5455]
\_ Number of performed cycles n 2)
Scope: testig the automathic Parameters settled to

mode of the control system have fast cycles
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Preliminary test: Energy and Exergy analysis

VM
C1
D1
Cc2

D2

AM
C1
D1
Cc2

D2

1st law efficiency
108.86%
73.49%
112.76%

74.61%

1st law efficiency
89.02%
94.89%
96.04%
88.04%
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2nd law efficiency
78.76%
58.74%
83.44%
63.38%

2nd law efficiency
67.07%
84.29%
63.94%
73.05%

Volumes Method
Analytical Model

Efficiency [%]

Efficiency [%]

*energysus,

Energy efficiencies

-
-
(=1

100

B0

&0

40

20

i
0.5 1 15 2 25
Cycle [-]
—1stlawCVM  ———IstlawlAM  =——I1stlawDVM  ——IlstlawDAM
Thermodynamic efficiencies

20
80 e
0 e
] ——
50
40
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20
10

0
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Cycle [-]
— st gtV —T1stlawCAM  —T1silawDVM  ——1stlawDAM
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Preliminary test: Dimensional analysis

Assessment of the response of the Analytical Model T szz
to changes in storage material density and specific — M = mar ZS Cp,s
heat assumptions ' m

First Charge Efficiency

E(s:) X Vscp,spsAT X Cp,sPs

ne X Eg”

0 2E417 4E+17 6E+17 Constant energy
n .
® density

—@— Const. En. Density —@—Rho100 Rho1000 —@—Rho1500 —@— Rho1800 Rho2000 —@—Rho3000
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Preliminary test: Dimensional analysis

212
Tmaxps L
Cp,s m?2 Cp:s

First Discharge Efficiency

600

500

400

200

100

ps T

0 2E+17 AE+17 6E+17
Mcp

—@— Const. En. Density —@—Rho100 Rho1000 —@—Rho1500 —@—Rho1800 Rho2000 —@—Rho3000

* energys:s,

Na X —>

Constant energy
density
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Preliminary test: Dimensional analysis

First Charge Effectiveness First Discharge Effectiveness
100 600
%0 500
80
70 400
60 ©
) 2 300
X 50 w
Y a0 200
30
100 O
20
10 0
0 0 S5E+17
0 5E+17 Mcp
Mcp
—@— Const. En. Density —@—Rho100 Rho1000
—@— Const. En. Density —@—Rho100 Rho1000 Rho1500 Rho1800 Rho2000
—@— Rho1500 —@&— Rho1800 Rho2000 —e— Rho3000

—@— Rho3000
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Conclusions

4 ) N

e Insufficient accuracy of the VM with provided instrumentation

E ne rgy a n d e AM properly describes test rig behaviour

= * Necessity of a more accurate experimental campaign to assess the
Exe rgy a n a Iys I S validity of both models

\_ J
4 )

DI m e n S I O n a I * Necessity of storage material thermophysical property knowledge

= e Useful tool for the design of TES systems
Analysis
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