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WHAT SHOULD YOU LEARN


T h r e e  k e y  b e n e f i t s  o f  t h e r m a l  
e n e r g y  s t o r a g e

W h a t  n e e d s  t o  b e  d o n e  t o  
a c c e l e r a t e  t h e r m a l  e n e r g y  
s t o r a g e ?

C E M  E x a m  e x a m p l e s  



THREE KEY BENEFITS OF THERMAL ENERGY 
STORAGE

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

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

I n c r e a s e  t h e  o v e r a l l  e n e r g y  e f f i c i e n c y  o f  e n e r g y  s y s t e m s .  

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

USING DISTRICT ENERGY SYSTEMS FOR 
THERMAL STORAGE

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

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

HOW CAN A SUPERMARKET BE USED FOR 
THERMAL STORAGE?

A  s u p e r m a r k e t  h a s  a  h i g h  t h e r m a l  c a p a c i t y  d u e  t o  t h e  
a m o u n t  o f  f o o d  w h i c h  n e e d s  t o  b e  c h i l l e d  o r  f r o z e n .  I n  
e f f e c t ,  t h i s  m e a n s  a  s u p e r m a r k e t  h a s  t h e  p o t e n t i a l  t o  
b e c o m e  a  ‘ v i r t u a l  p o w e r  p l a n t ’  s i m p l y  b y  a d j u s t i n g  i t s  
e l e c t r i c i t y  c o n s u m p t i o n .     

M o s t  s u p e r m a r k e t s  a r e  e n e r g y  m a n a g e d  b y  a  c e n t r a l  
c o n t r o l l e r  c o n n e c t e d  t o  m u l t i p l e  c o o l i n g  c a s e s  t o  c o n t r o l  
t e m p e r a t u r e  l e v e l s .  

A  s u p e r m a r k e t  c a n  c h o o s e  t o  l o w e r  t h e  t e m p e r a t u r e  o f  i t s  
f r e e z e r s  w h e n  e n e r g y  i s  a b u n d a n t  i n  t h e  g r i d .  T h i s  e n e r g y  i s  
t h e n  s t o r e d  i n  t h e  f r o z e n  g o o d s .  W h e n  e n e r g y  s u p p l y  i s  
l o w e r  o r  d e m a n d  i s  h i g h e r ,  t h e  s u p e r m a r k e t  c a n  a g a i n  
s l i g h t l y  –  a n d  s a f e l y  –  r a i s e  t h e  t e m p e r a t u r e  w h i l e  u s i n g  l e s s  
e n e r g y .  



DIGITALIZATION IS IMPORTANT TO 
MAXIMIZE THE POTENTIAL OF THERMAL 

ENERGY STORAGE

D i g i t a l i z a t i o n  i s  o n e  o f  t h e  m a j o r  k e y s  t o  u n l o c k i n g  t h e  
p o t e n t i a l  o f  m o r e  e n e r g y  e f f i c i e n t ,  r e s i l i e n t  a n d  s u s t a i n a b l e  
e n e r g y  s y s t e m s .

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

T h i s  i s  w h y  d i g i t a l i z a t i o n  i s  s o  i m p o r t a n t  t o  e f f i c i e n t  
t h e r m a l  e n e r g y  s t o r a g e :  U s i n g  s e n s o r s ,  I oT  a n d  A I  i t  i s  
p o s s i b l y  t o  s m a r t l y  p r e d i c t  e n e r g y  s u p p l y  a n d  d e m a n d ,  t h e  
s h a r e  o f  r e n e w a b l e s  i n  t h e  e n e r g y  m i x ,  p l u s  e n e r g y  p r i c e s  -  
a n d  t h e  a b i l i t y  t o  a d j u s t  e n e r g y  u s e  a n d  t h e  u s e  o f  t h e r m a l  
e n e r g y  s t o r a g e  a c c o r d i n g l y .  

WHAT NEEDS TO BE DONE TO ACCELERATE 
THERMAL ENERGY STORAGE?

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

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

We  n e e d  t o  e n s u r e  t h a t  e l e c t r i c i t y  p r i c e s  r e f l e c t  t h e  
e n e r g y  m i x  t o  e n c o u r a g e  t h e  u p t a k e  o f  r e n e w a b l e s  -  f o r  
e x a m p l e ,  t h r o u g h  C O 2  p r i c i n g .

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

CEM REVIEW PROBLEMS

1. TES systems yield large energy savings. 	 A) True B) False  


2.Distinguish between full and partial storage systems. Which 

would likely be better in new system design?  


3.Why are utilities encouraging TES?




CEM REVIEW PROBLEMS

6. With a load leveling TES strategy, a building manager will 

(A)Not operate the chiller during peak hours

(B)Essentially base load the chiller (i.e., operate at high load most of 

the time)

(C)Operate only during the peak times

(D)Operate in the “off” season


7. A large commercial building will be retrofitted with a closed loop 
water to air heat pump system. Individual department meters will 
meter costs to each department. Demand billing is a small part of 
the total electrical cost. Would you recommend a TES?


	(A) Yes	 (B) No

TES ADDITIONAL - ANOTHER STORAGE 
MEDIUM

There is one more storage medium that is available, but it is 

almost never used. It is Eutectic Salt.

 Eutectic salt was used some in the 1970s and early 1980s for 

storage of heat, but its use for air conditioning is not common 

today. But, it could be used.

EUTECTIC SALT STORAGE

 Expensive, high tech solution 


 Allows use of existing 6 degree C chillers 


 Typical melt range is 5 to 8 degrees C 


 Requires only 30 to 50% of the space needed for chilled water 

tanks 


 Requires secondary heat exchanger 


 May be considered hazardous The salt has a useful life of 

about five years, and must then be sent back and replaced



STORAGE CAPABILITY OF EUTECTIC SALTS

 Eutectic salts use latent heat associated with freezing 

and melting, but one kg of solid eutectic salt absorbs 

only about 115 kJ to become liquid.

 
 

SUMMARY OF STORAGE TANK SIZING 
THESE ARE REAL WORLD, PRACTICAL 

NUMBERS – NOT FOR USE ON CEM TEST

 Chilled water .12 to .15 cubic metres per kWh

 Eutectic salt .03 to .05 cubic metres per kWh

 Ice .025 to .035 cubic metres per kWh
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