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WHAT SHOULD YOU LEARN


W h y  d o  w e  n e e d  t h e r m a l  
e n e r g y  s t o r a g e ?
W h a t  a r e  t h e  a l t e r n a t i v e s  t o  
b a t t e r y  s t o r a g e ?
W h a t  i s  t h e r m a l  e n e r g y  
s t o r a g e ?
W h a t  t y p e s  o f  t h e r m a l  e n e r g y  
s t o r a g e  e x i s t ?
T E S  S t o r a g e  m e d i a  



WHY DO WE NEED THERMAL ENERGY 
STORAGE?

R e n e w a b l e  e n e r g y  a n d  i n c r e a s e d  e l e c t r i f i c a t i o n  a r e  c e n t r a l  
t o  m a n y  c o u n t r i e s ’  d e c a r b o n i s a t i o n  s t r a t e g i e s  a n d  f o r  g o o d  
r e a s o n :  We  u r g e n t l y  n e e d  t o  c u t  e m i s s i o n s  a n d  9 0 %  o f  t h o s e  
r e d u c t i o n s  c a n  b e  a t t a i n e d  t h r o u g h  e n e r g y  e f f i c i e n c y  a n d  
e l e c t r i f i c a t i o n  b a s e d  o n  r e n e w a b l e  e n e r g y .  T h e  f a l l i n g  p r i c e s  
o f  r e n e w a b l e  e n e r g y  a l s o  a d d  t o  t h e  i n c e n t i v e .   

H o w e v e r ,  r e n e w a b l e  e n e r g y  f l u c t u a t e s   a n d  s o  w i t h  
t h e   i n c r e a s e d  u p t a k e  o f   r e n e w a b l e  e n e r g y  c o m e s  a n  
i n c r e a s e d  n e e d  f o r  e n e r g y  s t o r a g e   i n  o r d e r  t o  e n s u r e  t h e  
a v a i l a b i l i t y  o f   c l e a n  e n e r g y  w h e n  t h e  w i n d  i s  n o t  b l o w i n g ,  o r  
t h e  s u n  i s  n o t  d e l i v e r i n g  s o l a r  e n e r g y .  

WHAT ARE THE ALTERNATIVES TO BATTERY 
STORAGE?

W h i l e  b a t t e r y  s t o r a g e  t e c h n o l o g y  i s  d e v e l o p i n g  r a p i d l y ,  t h e r e  
a r e  a l t e r n a t i v e s  t h a t  h e l p  m e e t  t h e  c h a l l e n g e s  o f  r e n e w a b l e  
e n e r g y  i n t e r m i t t e n c e  a n d  g r i d  s t a b i l i t y ,  f o r  e x a m p l e  t h e r m a l  
e n e r g y  s t o r a g e .  

T h e r m a l  e n e r g y  s t o r a g e  m e a n s  h e a t i n g  o r  c o o l i n g  a  m e d i u m  
t o  u s e  t h e  e n e r g y  w h e n  n e e d e d  l a t e r .  I n  i t s  s i m p l e s t  f o r m ,  
t h i s  c o u l d  m e a n  u s i n g  a  w a t e r  t a n k  f o r  h e a t  s t o r a g e ,  w h e r e  
t h e  w a t e r  i s  h e a t e d  a t  t i m e s  w h e n  t h e r e  i s  a  l o t  o f  e n e r g y ,  
a n d  t h e  e n e r g y  i s  t h e n  s t o r e d  i n  t h e  w a t e r  f o r  u s e  w h e n  
e n e r g y  i s  l e s s  p l e n t i f u l .

T h e r m a l  e n e r g y  s t o r a g e  c a n  a l s o  b e  u s e d  t o  b a l a n c e  e n e r g y  
c o n s u m p t i o n  b e t w e e n  d a y  a n d  n i g h t .  S t o r a g e  s o l u t i o n s  
i n c l u d e  w a t e r  o r  s t o r a g e  t a n k s  o f  i c e - s l u s h ,  e a r t h  o r  b e d r o c k  
a c c e s s e d  v i a  b o r e h o l e s  a n d  l a r g e  b o d i e s  o f  w a t e r  d e e p  b e l o w  
g r o u n d .

WHAT TYPES OF THERMAL ENERGY 
STORAGE EXIST?

M a n y  d i f f e r e n t  t e c h n o l o g i e s  c a n  b e  u s e d  t o  a c h i e v e  t h e r m a l  
e n e r g y  s t o r a g e  a n d  d e p e n d i n g  o n  w h i c h  t e c h n o l o g y  i s  u s e d ,  
t h e r m a l  e n e r g y  s t o r a g e  s y s t e m s  c a n  s t o r e  e x c e s s  t h e r m a l  
e n e r g y  f o r  h o u r s ,  d a y s  o r  m o n t h s .  

T h e r m a l  e n e r g y  s y s t e m s  a r e  d i v i d e d  i n  t h r e e  t y p e s :   


S e n s i b l e  h e a t  

L a t e n t  h e a t  

T h e r m o c h e m i c a l

S e n s i b l e  t h e r m a l  e n e r g y  s t o r a g e  i s  c o n s i d e r e d  t o  b e  t h e  
m o s t  v i a b l e  o p t i o n  t o  r e d u c e  e n e r g y  c o n s u m p t i o n  a n d  
r e d u c e  C O 2  e m i s s i o n s .  T h e y  u s e  w a t e r  o r  r o c k  f o r  s t o r i n g  
a n d  r e l e a s i n g  h e a t  e n e r g y .  T h i s  t y p e  o f  t h e r m a l  e n e r g y  
s t o r a g e  i s  m o s t  a p p l i c a b l e  f o r  r e s i d e n t i a l  b u i l d i n g s .



WHAT TYPES OF THERMAL ENERGY 
STORAGE EXIST?

L a t e n t  h e a t  s t o r a g e  s y s t e m s  s t o r e  e n e r g y  w i t h o u t  t h e  
m e d i u m  c h a n g i n g  i n  t e m p e r a t u r e  b u t  r a t h e r  d e p e n d s  o n  t h e  
c h a n g i n g  s t a t e  o f  a  m e d i u m .  S o  c a l l e d  ‘ p h a s e  c h a n g e  
m a t e r i a l s ’  h a v e  b e e n  d e v e l o p e d ,  w h i c h  c a n  s t o r e  h e a t  i n  
t h e i r  m a s s  a s  l a t e n t  h e a t .  T h e s e  m a t e r i a l s  a r e  c o m m o n l y  
u s e d  i n  s o l a r  a p p l i c a t i o n s  a n d  b u i l d i n g  m a t e r i a l s ,  w h e r e  
t h e y  a b s o r b  a n d  s t o r e  e x c e s s  b u i l d i n g  h e a t .

T h e r m o c h e m i c a l  h e a t  s t o r a g e  s y s t e m s ,  o n  t h e  o t h e r  h a n d ,  
a r e  b a s e d  o n  c h e m i c a l  r e a c t i o n s .

TES STORAGE MEDIA

 Chilled water storage
➡  Simple ~ but large tanks needed; lots of space. Requires 4 to 

5 times the space of ice storage 


➡ Typical water temperatures of 4 deg C 


➡ Practical considerations for water storage tanks 


๏ Need to minimize mixing of warm return water with the cold 

water in storage 


๏ May need two tanks ~ if full capacity of a tank is needed. If 

temperature stratification of tank is used, the tank may need 

to be up to 20% bigger

TES STORAGE MEDIA

Ice Storage 
 More complex tanks and auxiliary equipment needed; more 

complex to maintain 

 Ice/water requires around 20 to 30% of the space needed for 

chilled water tanks 

 Solid ice requires around 10% of the space needed for chilled water tanks 

 Very low temperature water can be used ~ around 1 degree C  

 Can use ice harvester, ice on coil, or ice/water (slush)



PROPERTIES OF STORAGE MEDIA

 Chilled water systems are typically operated in a manner to 

use only sensible heat storage and thus stores 4.2 kJ per kg of 

water for each ºC of temperature difference between the 

stored water and the returned water.

 Ice systems are typically operated in a manner to use only 

latent heat associated with freezing and melting, and one kg 

of ice at 0º C absorbs 335 kJ to become 0ºC water.

SIZING CHILLED WATER STORAGE TANKS

 Assume that chilled water is stored at 4ºC and is returned at 

the standard temperature of 12ºC

 This is an 8º ∆T for the AC system 

So, to store 1 kWh you need: kg of water; or, litres of water; or, 	 	

cubic metres of water.

 Thus, one kg of water stores 33.6 kJ 

 One kWh of AC is 3600 kJ

CAN WE MEET THIS LOAD WITH AN OPAC SYSTEM? 

 What is the current chiller configuration

 Can we store enough kWh during off-peak hours to meet the 

daytime AC load without having to run the chiller at all during 

the day?



EFFICIENCY AND CAPACITY 
CONSIDERATION

 OPAC system is less efficient at lower water temperatures ~ 

but night time operation is more efficient ~ these might cancel 

each other

 We might suffer a 10 to 15% capacity reduction because the 

OPAC system has less capacity at lower water temperatures

 We might lose 5 to 10% of capacity because of storage losses

CONDITIONS THAT FAVOUR TES

L o w  c o s t  o f  e n e r g y  u s e d  a t  
n i g h t

H i g h  p e a k  d e m a n d  c h a r g e s

H i g h  o n - p e a k  l o a d s

L o w  A C  l o a d s  a t  n i g h t

N e e d  f o r  i n c r e a s e d  c o o l i n g  
s y s t e m  c a p a c i t y
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