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A I M

To assess the type of concrete and 
circulating liquid suitable for a thermopile 

O B J E C T I V E S

1.Suitable type of concrete
OPC, OPC+pfa & OPC+ggbs

2.Suitable type of liquid
Water, Saline solution, glycol



S C O P E   &   L I M I T A T I O N

� Concrete design as per BRE

� No. of test per cube/liquid – 2
� No. of specimen per mix - 3

� 3 Types of Concrete

� OPC, OPC + pfa, & OPC + ggbs

� 3 Types of liquid
� Water, 3.5% saline solution, 50% glycol 

solution

� Liquids tested with OPC cubes



A P P R O A C H

Concrete Cube Casting
Cubes for crushing (9+9+9)

Cubes with thermocouple (3+3+3)
Cubes with copper tube (3)

Crushing Cubes 
@ 7, 14 & 28 day for strength gain

Data Collection & 
Statistical Analysis

Literature study:
Basic Concept of thermodynamics and 

energy pile system

Concrete Design as per BRE
- OPC

- OPC + pfa (40%)
- OPC + ggbs (60%)

Circulating Fluid Selection
- Water

- Saline Solution (3.5%)
- Ethylene Glycol (50%)

Thermocouple testing 
- Concrete cubes with different 

mix
- Fluid in the cube

Conclusion & 
Recommendation

Material Selection Experiment Design



T H E R M O C O U P L E   T E S T

Preparing Cube for Test



T H E R M O C O U P L E   T E S T

� 6 Thermocouples – K Type

Experiment Design

� 14/10 Ltr Water in the box

� Pico Technology

� 1st Test
Readings for 6 hrs @ 10sec

� Readings stopped once cube temperature 
same as water temperature



THERMOCOUPLE EXPERIMENT PROCEDURE

Cube and 
water 

temperature 
becomes 

same

Heat the 
water

Empty and clean 
insulation box

Set program in 
PLW recorder

Place cube into the 
box

Start recording
6 hr @ 10sec

Pour water 
into the box

Cover the 
box with lid

Stop 
recording

Collect data for 
analysis

Boiling



SUMMARY – CONCRETE MIX

0.63 (0.05)1.43 (0.11)53.40 (0.90)Avg

0.711.3754.5476.5423.06Max

0.651.2952.6275.4720.93MinOPC + 
pfa

(2X2)

0.55 (0.02)1.60 (0.07)52.97 (0.94)Avg

0.591.7153.8576.4123.81Max

0.511.5251.3573.3819.87MinOPC + 
ggbs
(3X2)

0.58 (0.03)1.53 (0.06)52.81 (1.22)Avg

0.611.6453.7075.4822.06Max

0.511.4750.2071.6421.00Min
OPC
(3X2)
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G R A P H   – C O N C R E T E   M I X



SUMMARY – CIRCULATING LIQUID

0.48 (0.01)1.76 (0.01)50.31 (0.85)Avg

0.491.7551.1670.1118.95B

0.471.7649.4670.5621.10AGlycol 
Solution 
(50%)

0.47 (0.03)1.75 (0.05)49.86 (1.34)Avg

0.501.7151.1969.3718.18B

0.451.8148.5270.1121.59ASaline 
Solution 
(3.5%)

0.45 (0.02)1.77 (0.00)48.23 (2.01)Avg

0.441.7746.2269.3923.17B

0.471.7750.2370.3220.09A

Water
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temperature 
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(� T)

Equilibrium 
Temperature

Initial Liquid 
Temperature

Circulating 
liquid



G R A P H   – CIRCULATING LIQUID



EXPERIMENT OBSERVATIONS

Initial maximum water temperature has the major impact on 
the equilibrium temperature value, though temperature 

rise pattern remains the same.



EXPERIMENT OBSERVATIONS

Initial maximum water temperature has the major impact on 
the equilibrium temperature value, though temperature 

rise pattern remains the same.



C O N C L U S I O N

� PFA suitable for absorbing more heat –
energy piles

� 50% glycol solution suitable for circulating 
fluid

� Considering thermal properties of material 
only



FUTURE SCOPE

• Material efficiency in monetary terms 

• Concrete with varying % of pfa

• Glycol solution with varying % of water 

• Aggregates used in concrete mix



T H A N K   Y O U 

????



I N T R O D U C T I O N

� 10 – 20 mtr depth – ground temperature 
constant at 13oC

� Thermopile - extract thermal energy from  
ground via appropriate foundations system 

� Dual Purpose –
Heating & Cooling

Haka Gerodur, Energy Piles – the European Experience, 
Presentation by Alfons Ebnother



W H Y   U S E   T H E R M O P I L E S ?

� Climate change – green house gas 
emission from human activity

� Energy crisis – need to use renewable 
source of energy

� Operation cost reduction and no 
maintenance

� Long service life


