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Evaluation of the heat loss from the storage tank in Case 3

The rate and the amount of heat loss over time from the solid storage tank (Figure 1) 

can be defined as1:

𝑄̇𝑙𝑜𝑠𝑠= 𝑄̇𝑓𝑜𝑢𝑛𝑑𝑎𝑡𝑖𝑜𝑛 + 𝑄̇𝑤𝑎𝑙𝑙+ 𝑄̇𝑡𝑜𝑝 (1)

∆𝑄𝑙𝑜𝑠𝑠=

𝑡𝑓

∫
𝑡0

𝑄̇𝑙𝑜𝑠𝑠𝑑𝑡 (2)

Figure 1: Drawing of insulated solid storage tank for heat loss calculation

It is expected that a particle self-insulation layer will develop near the walls of the 

storage tank and provide additional resistance to conductive heat loss. Hence, for 

the cylindrical tank lined with refractory insulation and surrounded with a concrete 

wall, the rate of heat transfer through the wall, top and foundation under steady state 

can be expressed using Eq. (3)-(5), respectively. The heat loss through the top of the 

tank will be due to conduction through the insulation consisting of refractory lining 

and cement, and due to convection to the environment. Alternatively, heat loss 

through the foundation will be a result of conduction only. 
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𝑄̇𝑤𝑎𝑙𝑙=
𝑇𝑠𝑡𝑜𝑟𝑎𝑔𝑒 ‒ 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡

𝑙𝑛(𝑟2𝑟1)
2𝜋𝑘𝑝,𝑒𝑓𝑓𝐿

+

𝑙𝑛(𝑟3𝑟2)
2𝜋𝑘𝑟𝐿

+

𝑙𝑛(𝑟4𝑟3)
2𝜋𝑘𝑐𝐿

+
1

2𝜋𝑟4𝐿ℎ𝑎𝑚𝑏𝑖𝑒𝑛𝑡

(3)

𝑄̇𝑡𝑜𝑝=
𝑇𝑠𝑡𝑜𝑟𝑎𝑔𝑒 ‒ 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡

𝑡𝑐
𝜋𝑟2𝑘𝑟

+
𝑡𝑟

𝜋𝑟2𝑘𝑐
+

1
𝜋𝑟2ℎ𝑎𝑚𝑏𝑖𝑒𝑛𝑡

(4)

𝑄̇𝑓𝑜𝑢𝑛𝑑𝑎𝑡𝑖𝑜𝑛 =
𝑇𝑠𝑡𝑜𝑟𝑎𝑔𝑒 ‒ 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡

𝑡𝑐
𝜋𝑟2𝑘𝑟

+
𝑡𝑟

𝜋𝑟2𝑘𝑐

(5)

The effective thermal conductivity for the particles in the solid storage tank (kp,eff) was 

obtained from the Okazaki et al.2 model, which was found to reasonably represent 

the experimental data by Abou-Sena et al.3. 
Table 1: Parameters for heat loss calculation

Parameter Unit Value

Thermal conductivity of refractory-insulating lining, kr
4 W/mK 0.5

Thermal conductivity of cement wall, kc
4 W/mK 1.0

Thermal conductivity of sorbent, kp
5 W/mK 1.5

Convective heat transfer coefficient, hamb
6 W/K 2.0

Porosity, ε - 0.5

Storage tank height, L m 30

Radius of tank without insulation, r1 (CaO/CaCO3 tank) m 13.1/14.2

Self-insulation layer thickness, tp4 m 0.5

Refractory lining thickness, tr m 0.25

Cement wall thickness,tc m 1.0

Sensible heat stored, Qsens(CaO/CaCO3 tank) MWth 190.4/165.6

Using the parameters from Table 1, it was estimated that the heat loss in the CaO 

and CaCO3 tanks will be 0.7 and 1.3 MWth, respectively. This accounts for 0.4% and 

0.8% of the total sensible heat stored in these tanks, which is in line with the results 

obtained for thermal storage by Ma et al.1. In addition, sensitivity analyses on the 

thermal conductivities, convective heat transfer coefficient and insulation thicknesses 

have been performed and are presented in the following figures. These revealed that 

the heat loss is not higher than 1.5%, indicating that heat storage efficiency is more 

than 98.5%. As the analysis revealed that the heat loss will be very low and thus will 
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not affect the performance of the system significantly, it can be assumed that there is 

no heat loss in the tanks at the concept development stage.
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Figure 2: Effect of the concrete wall thickness on the relative heat loss in the solid 
storage tank

0 0.5 1 1.5 2 2.5
0.0%

0.5%

1.0%

1.5%

2.0%

CaO tank CaCO3 tank

Refractory insulation lining thickness (m)

R
el

at
iv

e 
he

at
 lo

ss
(%

 o
f h

ea
t s

to
re

d)

Figure 3: Effect of the refractory insulation lining thickness on the relative heat loss in 
the solid storage tank
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Figure 4: Effect of concrete thermal conductivity on the relative heat loss in the solid 
storage tank

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.0%

0.5%

1.0%

1.5%

2.0%

CaO tank CaCO3 tank

Refractory insulating lining thermal conductivity (W/mK)

R
el

at
iv

e 
he

at
 lo

ss
(%

 o
f h

ea
t s

to
re

d)

Figure 5: Effect of refractory insulating lining thermal conductivity on the relative heat 
loss in the solid storage tank
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Figure 6: Effect of sorbent thermal conductivity on the relative heat loss in the solid 
storage tank
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Figure 7: Effect of convection heat transfer coefficient on the relative heat loss in the 
solid storage tank

References

1 Z. Ma, G. Glatzmaier and M. Mehos, Fluidized Bed Technology for 

Concentrating Solar Power With Thermal Energy Storage, J. Sol. Energy Eng., 

2014, 136, 031014.

2 M. Okazaki, T. Yamasaki, S. Gotoh and R. Toei, Effective thermal conductivity 

for granular beds of various binary mixtures, J. Chem. Eng. Japan, 1981, 14, 

183–189.

3 A. Abou-Sena, A. Ying and M. Abdou, Experimental measurements of the 

effective thermal conductivity of a lithium titanate (Li2TiO3) pebbles-packed 

bed, J. Mater. Process. Technol., 2007, 181, 206–212.

4 Z. Ma, G. C. Glatzmaier and M. Mehos, Development of Solid Particle Thermal 

Energy Storage for Concentrating Solar Power Plants that Use Fluidized Bed 

Technology, Energy Procedia, 2014, 49, 898–907.

5 E. C. Robertson, Thermal Properties of Rocks, US Dep. Inter. Geol. Surv., 

1988, 88–441.

6 M. Koschenz and V. Dorer, Interaction of an air system with concrete core 

conditioning, Energy Build., 1999, 30, 139–145.


