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High-Temperature Combined  
Sensible/Latent-Heat Thermal Storage 

Scope of project

Thermal energy storage (TES) at high temperatures (> 300 °C) is relevant to the Swiss Govern-
ment’s Energy Strategy 2050 for two main applications. One is advanced adiabatic compressed air 
energy storage (AA-CAES), where a TES recovers the thermal energy generated by compressing 
air to high pressures and resupplies it when the compressed air is expanded to run a turbine and 
generate	electricity.	Energy	efficiencies	of	AA-CAES	can	be	as	high	as	70–75	%	[1],	which	makes	it	
competitive with pumped hydro energy storage [2]. The second application comprises industrial pro-
cesses where TES can be used to recover waste heat. This application is important because process 
heat accounts for about 50 % of the total energy use in Swiss industry.

Status	of	project	and	main	scientific	results	of	workgroups	

The overall focus of our work 
is the development and dem-
onstration	 of	 an	 efficient	 and	
cost-effective thermocline TES. 

Previous work has shown that 
a TES consisting of a packed 
bed of rocks (sensible heat 
storage) and air as heat trans-
fer	fluid	 (HTF)	 can	yield	95	%	
overall (charging-discharging) 
energy	efficiency	[3].	However,	
one drawback of sensible-only 
TES	 is	 the	 HTF	 outflow	 tem-
perature drop during discharg-
ing. Simulations and experi-
ments showed that replacing a 
small amount of rocks (1–5 % 
by volume) with an encapsu-
lated phase-change material 
(PCM)	 is	 sufficient	 to	 stabilize	
the	 outflow	 temperature	 dur-
ing discharging [4]. 

In the second year of this re-
search project we extended 
the numerical analysis of com-
bined sensible/latent TES, 
with emphasis on the assess-
ment	of	exergy	efficiency	and	
material costs of sensible and 
combined storage units. Fur-
thermore, the quasi-one-di-
mensional heat-transfer model 
was extended to predict the 
behaviour of an AA-CAES pi-
lot plant that is being built by 
Airlight Energy SA in Pollegio, 
Switzerland. 

The heat-transfer model was 
validated with laboratory-
scale experiments [2, 4]. The 
validated model was used to 
compare sensible-only and 
combined TES for two in-
dustrial-scale storages after 
steady cycling conditions were 
reached [4]. The parameters 
of primary interest were exer-
gy	efficiency	and	 specific	ma-
terial costs. The exergy analy-
sis includes the pumping work 
that cannot be neglected for 
large storages. 

Figure 1 shows the exergy ef-
ficiency	 as	 a	 function	 of	 the	
maximum temperature drop 
during discharging for TES sys-
tems of 1000 MWhth discharge 

capacity. To reduce the tem-
perature drop during discharg-
ing with sensible-only storag-
es, the TES must be oversized. 
Due to the larger storage sizes 
of the sensible-only TES, the 
pumping work dominates the 
exergy losses through thermal 
losses and internal heat trans-
fer. 

In contrast, the total size of 
the combined storage can be 
kept constant and lower tem-
perature drops are reached 
by replacing more rocks with 
PCM, leading to higher ex-
ergy	 efficiencies.	 In	 addition,	
due to the smaller volume of 
the	combined	storage,	specific	
material costs are lower than 
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Dynamics
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Storage

Figure 1: 

Exergy	 efficiency	 and	 ex-
ergy loss breakdown as a 
function of the maximum 
temperature during dis-
charging for a 1000 MWhth 
storage.
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for the sensible-only storage 
for a given maximum temper-
ature drop during discharging. 
With	 specific	 material	 costs	
of $ 5–7 / kWhth and exergy 
efficiencies	 above	 96	%,	 the	
combined storage exceeds the 
goals of the U.S. Department 
of Energy’s SunShot Initiative 
(costs < $ 15 / kWhth and ex-
ergy	efficiencies	above	95	%).	

The 1D heat-transfer mod-
el was also compared to 2D 
computational	 fluid	 dynamics	
(CFD) simulations [5]. Figure 2 
shows the temperature distri-
bution of the laboratory-scale 
storage predicted by the 1D 
and 2D models. The results of 
the	2D	model	confirm	that	ra-
dial	gradients	are	significant	in	
this storage. Nevertheless, the 
overall agreement of the 1D 
model with experimental data 
is good [4]. It can therefore 
be	 applied	 with	 confidence	 to	
larger storages where radial 
gradients are known to be less 
significant.	

One application of the 1D mod-
el is to the AA-CAES pilot plant 
in Pollegio (see Figure 3). A 
tunnel is used as a cavern to 
store the compressed air and 
a TES will be used for the heat 
recuperation. The system will 
be tested at pressures up to 
33 bars. The 1D heat-transfer 

model was extended to simu-
late the cavern pressure and 
temperature also. The extend-
ed model is being used for the 
design of the experiments that 
will be performed with the pilot 
plant. Figure 3 also shows the 
simulated	 temperature	 profile	
in the packed bed of rocks and 
the insulation of the pilot-plant 
storage. 

Future work will focus on the 
experiments with the AA-CAES 
pilot plant, planned for April 
2016. The results will be used 

to further validate the model at 
high operating pressures. Fur-
thermore, different techniques 
for steepening the thermocline 
inside the TES will be studied 
because this allows further de-
creases of the storage size and 
material	costs	without	sacrific-
ing performance.

References 

[1] S. Zunft, C. Jakiel, 
M. Koller, and C. Bullough, 
«Adiabatic compressed 
air energy storage for the 
grid integration of wind 
power». Sixth inter-
national Workshop on 
Large-Scale Integration of 
Wind Power and Transmis-
sion Networks for Offshore 
Windfarms (2006). 

[2] L. Geissbühler, M. Kol-
man, A. Haselbacher, 
A. Steinfeld, G. Zanganeh, 
SCCER Heat & Electricity 
Storage Annual Report 
2014.

[3] G. Zangavneh, A. Pe-
dretti, A. Haselbacher, 
A. Steinfeld, Appl. Energy, 
137, 812–822 (2015).  

[4] L. Geissbühler, M. Kol-
man, G. Zanganeh, 
A. Haselbacher, A. Stein-
feld, Appl. Therm. Eng., 
accepted for publication 
(2015).

[5] L. Geissbühler, 
S. Zavattoni, M. Barbato, 
G. Zanganeh, A. Hasel-
bacher, A. Steinfeld, 
CHIMIA, accepted for 
publication (2015).

Figure 3: 

TES for AA-CAES pilot 
plant in Pollegio, Switzer-
land: Photograph (left) and 
simulated temperature dis-
tribution in °C (right).
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Figure 2: 

Temperature distribution of the 1D (left) and 2D (right) models for 
a laboratory-scale storage.
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