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T O D A Y ’ S  P R E S E N T A T I O N

• P r i mer  – Coo l  Th e rma l  En e rgy  

S t o rage  (CTES )

• Wh y CTES  fo r  NMSU?

• NMSU CTES  In f ra s t ruct u re  

• CTES  Pe r fo rman ce a f t e r  7  year s  

an d Ad jus t i n g  t o  Ch an ge

• Fu t u re  fo r  CTES  a t  NMSU



C T E S  P r i m e r

P r e s e n t a t i o n  T e r m i n o l o g y :

• E l e c t r i c a l  E N E R G Y  – m e a s u r e d  i n  
K i l o w a t t  H o u r s  (k Wh  )

• E l e c t r i c a l  P O WE R / D E M A N D  –
m e a s u r e d  i n  K i l o w a t t s  (k W)

• D e m a n d  c h a r g e s  b i l l e d  m o n t h l y  -
o f t e n  b a s e d  o n  p e a k  v a l u e  p e r  t i m e  
f r a m e  (e x .  H i g h e s t  a v g .  o v e r  3 0  
m i n u t e s )



C T E S  P r i m e r

Presentat ion  Termino logy:

• Ut i l i ty  Rates  $

• Demand and Energy  

Charges

• T ime-of -Use  ( TOU) 

• Real - T ime-Power  (RTP)



C T E S  P r i m e r

Presentat ion  Termino logy:

• Imper ia l  Un i t s  (Met r ic/S I )

• Cool ing Capaci ty  o r  Demand TonR

(kW)

• Cool ing Energy/S torage Capaci ty  

TonHr (kWh)



C T E S  P r i m e r

P r e s e n t a t i o n  T e r m i n o l o g y :

• B r i t i s h  T h e r m a l  U n i t  (B t u )  =  e n e r g y  t o  
r a i s e  1 L B  o f  Wa t e r  1 ° F

• 1  k Wh  = 3 4 1 2  B t u

• S e n s i b l e  H e a t  ~  e n e r g y  n e e d e d  f o r  
r a i s i n g  o r  l o w e r  t e m p e r a t u r e

• L a t e n t  H e a t  ~  e n e r g y  n e e d e d  t o  c r e a t e  
p h a s e  c h a n g e  ( i c e  t o  w a t e r ,  w a t e r  t o  
s t e a m )

• 1 L B  I C E  t o  1  L B  Wa t e r  =  1 4 4  B t u  



C T E S  P r i m e r

P resen t at i on  Te rm i n o l ogy :

• Ton R - t h e  ra t e  o f  h eat  t ran s fe r  t h at  

re su l t s  i n  t h e  f reez i n g  (*o r  me l t i ng)  

o f  1  t on  (2 ,0 0 0  l b ;  907  kg)  o f  pu re  

i ce  a t  32  ° F  (0  °C)  i n  24  h ou r s .

• A re f r i ge ra t i on  t on  i s  approx i mat e ly  

equ i v a l ent  t o  12 ,0 0 0  BTU/h  o r  3 .5  

kW.  



C T E S  P r i m e r

• Th e rma l  En e rgy  S t o rage  (TES )  s y s t ems  
s t o re  t h e rma l  capac i t y  as  sen s i b l e  o r  
l a t en t  h eat

• Can  be  h ot  o r  co l d

• Coo l  s t o rage  ( ‘C’ TE S )  med i ums  a re  
u sua l l y  wat e r  o r  i ce  re spect i v e l y

• CTES  p r i mar i l y  des i gn ed t o  reduce 
p l an t  e l ect r i c  u t i l i t y  cos t s



C T E S  P r i m e r

• Ai r -Con d i t i on i ng  h as  h ad a  l a rge  

i mpact  on  t h e  way u t i l i t y  compan i es  

opera t es  t h e i r  power  p l an t s

• Most  u t i l i t y  compan y p r i me mov er s  

a re  fo r  summer  peak i n g  – 35% o f   US  

sum mer  peak  i s  do  t o  a i r -con d i t i on i n g

• E l ect r i c  U t i l i t y  – P roduct i on  E f f i c i en cy  

i s  n o t  t h e  ma i n  i s sue  an ymore  –

P red i c t ab l e  Deman d I s



C T E S  P r i m e r

• Ut i l i t y  Compan y S t ra t egy :  Mod i fy  Use r  
Beh av i o r  by  c reat i n g  ra t es  t h at  pen a l i ze  
h i gh  deman d du r i n g  peak  deman d h our s  
an d reward  power  u se  du r i n g  o f f -peak  
( ‘ T i me  o f  Use ’  TOU Rat es  o r  ‘Rea l - T i m e  
P r i ce’  RTP  ra t es )

• CTES  became except i on a l l y  popu l a r  i n  
1980s  d r i v en  by  e l ect r i ca l  deman d- s i de  
man agemen t  (DSM )  p rograms  wh i ch  
p rov i ded cap i t a l  i n cen t i v es



C T E S  P r i m e r

• TOU rates  permi t s  cos t  sav ing th rough 

load shedding

• Ear ly  CTES  encouraged by of fe r ing  

Capi ta l  Incent i ves  to  user s

• CTES  fo r  coo l ing  appl icat ions  fos te red to  

f ru i t ion  w i th  ch i l led water  and ice 

s to rage sys tems



C T E S  P r i m e r

• Fas t  fo rward to  2019  – CTES  i s  s t i l l  ve ry  

popu lar

• TOU and RTP  e lect r ic  rates  s t i l l  a  d r i ver

• Futu re  – CTES  i s  an  opt ion  to  capture  

In te rmi t tent  power  product ion  f rom 

renewable  energy ( so la r ,  w ind) and 

deploy  when needed  



C T E S  P r i m e r

• Most  u t i l i t ies  

exper ience 80-100% 

peak power  fo r  les s  

than 8% of  a l l  

operat ing hours

Aggregate Load Duration Curve (Miso 2016)



C T E S  P r i m e r

• T r a d i t i o n a l  p o w e r  g e n e r a t i o n  
f a v o r s  s l o w  c h a n g i n g  d e m a n d  –
r a p i d  r e s p o n s e  t o  d y n a m i c  
c h a n g e s  i n  d e m a n d  i s  d i f f i c u l t  
t o  m a n a g e  ( ‘ g r i d  d y n a m i c s ’ ,  
‘ r a m p  r a t e s ’ ,  ‘ o v e r  g e n e r a t i o n ’ )

• P h o t o v o l t a i c  ( P V )  P o w e r  
p r o d u c t i o n  i s  t h e  l a r g e s t  
d i s r u p t e r

• P e a k  d i u r n a l  P V  p o w e r  o c c u r s  a t  
N o o n

• U t i l i t y  g r i d  s u m m e r  p e a k  p o w e r  
i s  ~  4 P M  

CAISO net load ‘Duck Curve’ 



C T E S  P r i m e r

• Ut i l i ty  company’s  a re  look ing fo r  

approaches  to  reduce or  sh i f t  e lect r ic i ty  

demands  that  can a l so  benef i t  both  

fac i l i t y  owners

• CTES  can br idge mi smatches  between 

in te rmi t tent  renewable  generat ion  and 

ut i l i t y  aggregate demand fo r  e lect r ic i ty



C T E S  P r i m e r

• L o o k  f o r  m o r e  i n c e n t i v e s  i n  t h e  
f u t u r e

• Wi d e s p r e a d  C T E S  w i l l  a s s i s t  
u t i l i t i e s  i n  r e a c h i n g  t h e i r  
r e n e w a b l e  p e n e t r a t i o n  t a r g e t s .

• E v e r  g r o w i n g  L e g i s l a t i o n  t o  
i n c r e a s e  d e p l o y m e n t  o f  
r e n e w a b l e  e n e r g y  w i l l  l e a d  t o  
g r e a t e r  m i s m a t c h e s  i n  d e m a n d

• A l s o  t h e  d e s i r e  t o  h a v e  ‘ N e t - Z e r o ’  
b u i l d i n g s  i s  o n  t h e  r i s e



C T E S  P r i m e r



C T E S  P r i m e r

• E n e r g y  S t o r a g e  c a n  b e  u s e d  
t o  e f f e c t i v e l y  b r i d g e  
m i s m a t c h e s  b e t w e e n  
r e n e w a b l e  e n e r g y  p r o d u c t i o n  
a n d  a g g r e g a t e  u t i l i t y  d e m a n d

• E n e r g y  S t o r a g e  T e c h n o l o g i e s :  
C T E S ,  B a t t e r y ,  D e e p  C a v e r n  
C o m p r e s s e d  A i r ,  P u m p e d  
H y d r o e l e c t r i c

Global installed energy storage by type CESA 2014



C T E S  P r i m e r

• Non-S t o rage  Coo l i n g  P l an t

• D i r e c t - C o u p l i n g  o f  L o a d  P r o d u c t i o n

• L o a d  P r o f i l e  a n d  P l a n t  O u t p u t  I d e n t i c a l

• CTES  P l an t

• U n c o u p l e  P r o d u c t i o n  o f  C o o l i n g  C a p a c i t y  f r o m  
D e m a n d  f o r  C a p a c i t y

• C T E S  d o e s  n o t  c h a n g e  i n t e g r a t e d  c o o l i n g  l o a d  
– i t  r e d i s t r i b u t e s  i t .



C T E S  P r i m e r

• Consequences  of  Us ing  CTES

• S m a l l e r  R e f r i g e r a t i o n  P l a n t  (U s u a l l y )

• L o w e r  E l e c t r i c  C o s t s  (A l m o s t  a l w a y s )

• E n e r g y  S a v i n g s  (A l m o s t  n e v e r )

• G r e a t e r  O p e r a t i o n a l  F l e x i b i l i t y

• H e l p i n g  t o  s m o o t h  o u t  g r i d - d y n a m i c s  – r e d u c e  

u s e  o f  ‘ d i r t y ’  p e a k i n g  p l a n t s



C T E S  P r i m e r

• Sens ib le  CTES  Media  - Water

• D e n s i t y  6 2 . 4  l b / F T 3

• S p e c i f i c  H e a t  1  B t u / L b ° F

• S t r a t i f i e d  C h i l l e d  Wa t e r  T a n k  –

8 5 % - 9 0 %  U s a b l e  c a p a c i t y

• S t e e l  o r  C o n c r e t e  T a n k

• 1 1 - 2 1  F T 3/ T o n H r (p r a c t i c a l  

s t o r a g e  d e n s i t y )

• 8 0 - 1 5 0  G a l l o n s / T o n H r

University of Wyoming – Rendering of New Chilled 
Water Plant with CTES



C T E S  P r i m e r

• Sens ib le  CTES  Media  - Water

• S u p p l y  T e m p s  4 0 - 5 0 ° F

• D e l t a  T s 1 4 - 2 0 ° F

Stratified Chilled Water CTES Schematic –
ASHRAE 1607-RP March 2017



C T E S  P r i m e r



C T E S  P r i m e r

• Latent  CTES  Media  - Ice
• D e n s i t y  6 2 . 4  l b / F T 3

• L a t e n t  H e a t  o f  f o r m a t i o n  1 4 4  
B t u / L b

• M o d u l a r  I c e  T a n k  – I n t e r n a l  M e l t  
“ I c e - o n - C o i l ”

• 2 . 4 - 3 . 3  F T 3/ T o n H r (p r a c t i c a l  
s t o r a g e  d e n s i t y )

• 1 8 - 2 5  G a l l o n s / T o n H r

ICE CTES tank cutaway with charging and 
discharging cycle detail – (EPRI 2008)



C T E S  P r i m e r

• Latent  CTES  Media  - Ice

• C h a r g i n g  T e m p s  2 2 - 2 6 ° F

• D i s c h a r g i n g  T e m p s  3 6 - 3 9 ° F

• C h a r g i n g  E n e r g y  . 8 5 - 1 . 2  k W/ T o n

• C o s t

ICE CTES System Schematic – ASHRAE 1607-RP
March 2017



C T E S  P r i m e r

NMSU Satellite Chilled Water Plant – Ice Farm

Calmac – Model ‘C’ Tank and Cutaway



C T E S  P r i m e r

• Other  CTES  Media  (not  as  pract ica l )

• E u t e c t i c  S a l t s

• D e p r e s s e d  D e n s i t y  G l y c o l / Wa t e r  M i x t u r e s



C T E S  P r i m e r

• Water  ver sus  Ice

• I c e  i s  c o m p a c t  - 4 . 5 X  t o  6 X  l e s s  

Vo l u m e  f o r  e q u a l  c a p a c i t y  

• Wa t e r  t a n k s  h a v e  e c o n o m y  i n  

s c a l e ,  i c e  d o e s  n o t

• B o t h  s y s t e m s  a r e  f a i r l y  c o m p l e x  –

m o r e  O & M  t h a n  n o n - s t o r a g e  

c h i l l e d  w a t e r  s y s t e m s



C T E S  P r i m e r

• Wa t e r  v e r s u s  I c e

• I c e  i s  C o s t  F a v o r a b l e  b e l o w  ~  6 , 5 0 0  
T o n H r s ( 4 0  t a n k s )

• A b o v e - G r o u n d  S t r a t i f i e d  C h i l l e d  
W a t e r  T a n k s  C o s t  F a v o r a b l e  a b o v e  
6 , 5 0 0  T o n H r s ( 5 0 0 , 0 0 0  G a l l o n s )

• B r e a k p o i n t :  6 , 5 0 0  T o n . H r s
~ $ 1 , 0 0 0 , 0 0 0  o r  $ 1 5 0 / T o n . H r o r  
$ 2 / G a l l o n CTES cost data and storage capacity ranges 

ASHRAE 1607-RP March 2017



C T E S  P r i m e r

• C T E S  R o l l e d - U p  C a p i t a l  
C o s t s  i n  G e n e r a l :

• $ 1 3 0 - $ 1 1 2 0 / k W

• $ 4 6 0 - $ 3 , 9 0 0 / T o n H r

• S e v e r a l  U S  S t a t e s  
o f f e r i n g  r e b a t e  
i n c e n t i v e s  (C A ,F L , N Y ) .  
M o r e  t o  f o l l o w …

CTES cost data and storage capacity ranges 
ASHRAE 1607-RP March 2017



C T E S  P r i m e r

• Operat iona l  S t rateg ies  ( Ice 

or  Water )

• F u l l  S t o r a g e

• L a r g e s t  l o a d  s h i f t ,  l a r g e s t  

p l a n t  s i z e

• B e s t  f o r  s m a l l e r  f a c i l i t i e s  w i t h  

h i g h  T O U  e n e r g y  r a t e s



C T E S  P r i m e r

• Operat iona l  S t rateg ies  ( Ice 

or  Water )

• P a r t i a l  S t o r a g e  /  L o a d  

L e v e l i n g

• M o d e r a t e  l o a d  s h i f t ,  s m a l l e s t  

p l a n t  s i z e

• L o w e s t  R O I



C T E S  P r i m e r

• Operat iona l  S t rateg ies  ( Ice 

or  Water )

• P a r t i a l  S t o r a g e  /  D e m a n d  

L i m i t i n g

• S i m i l a r  t o  l o a d  l e v e l i n g  b u t  

w i t h  m o r e  c o m p l e x  c o n t r o l

• F a v o r a b l e  f o r  h i g h  d e m a n d  

a n d  r a t c h e t i n g  d e m a n d  r a t e s



C T E S  P r i m e r

• Operat iona l  S t rateg ies  ( Ice 

or  Water )

• N M S U  P a r t i a l  S t o r a g e  /  

D e m a n d  L i m i t i n g

• P a r t i a l  S t o r a g e

• P e a k  S h a v i n g  o n  t o p  o f  

B a s e l o a d



C T E S  P r i m e r

• Newer  Operat i on a l  S t ra t eg i es  ( Ice  o r  Wat e r )

• 2 - S t a g e  C T E S  D e p l o y m e n t

• M a k e  I c e  a t  N i g h t  t o  t a k e  a d v a n t a g e  o f  T O U  

( C o s t  C o n t r o l )

• M a k e  m o r e  I C E  d u r i n g  d a y  w i t h  r e n e w a b l e  t o  

s p a n  i n t o  t h e  e v e n i n g  h o u r s  w h e n  t h e r e  i s  h i g h  

c o o l i n g  l o a d  b u t  n o  ( R e n e w a b l e  C o n t r o l )

• C a p t u r e s  U t i l i t y  c o s t  s a v i n g s  a n d  I n c r e a s e s  

P e n e t r a t i o n  o f  R e n e w a b l e  E n e r g y  G e n e r a t i o n

• W o r k s  b e s t  i n  o u r  R M A  R e g i o n



W h y  C T E S  f o r  N M S U ?

• Robust  Ch i l led Water  

Sys tem wi th  Ever -Growing 

Loads

• Need fo r  redundancy and 

f lex ib i l i t y  i n  ch i l led water  

product ion

• High ly  Favorable  TOU rates  

f rom E l  Paso Power



NMSU Chilled Water History

1965 – Central Plant (1) 900 Ton R-11 Centrifugal Chiller installation.

1968 – Central Plant (1) 1500 Ton R-114 Centrifugal Chiller addition.

1975 – Central Plant (1) 1500 Ton R-114 Centrifugal Chiller addition.

1984 – Central Plant 3 Million Gallon Chilled Water Thermal Storage.

1995 – Central Plant (2) 1500 Ton Double Effect LiBr Absorption Chiller addition.

2001 – Central Plant (3) 1500 Ton R-134A Centrifugal Chiller installation. (Replaced ‘65,’68,’75 Chillers)

2009 – Updates to Utility Master Plan.

2010 – Chilled Water Distribution Capacity Improvements. (36” Chilled Water Mains)

2012 – Satellite Chiller Plant (1) 2500 Ton, (1) 900 Ton R-123 Centrifugal Chillers with Ice Storage.

2013 – Central Plant (1) 1100 Ton Steam Driven Centrifugal Chiller. (Replaced 2 Absorption Chillers)



Main Campus Chilled Water Distribution

1965 Chiller Plant

2012 Chiller Plant



Central Utility Plant and Stratified Chilled Water 
Storage Site



Central Plant Chilled Water System Overview



Central Plant Chilled Water System Overview



Satellite Chiller Plant & Ice Storage



Satellite Chiller Plant Equipment Overview



Ice Thermal Storage Site



Ice Thermal Storage Site



Satellite Chilled Water System Overview



Ice Production Overview



Ice Build Mode



Ice Melt Mode



Ice Melt with Chiller Mode



Chiller Only Mode



Campus Chilled Water Demand 
(average day/month)



2012 - Electric Utility Rate No. 26

On-Peak period is applicable June 
through September from 12:00 PM to 
6:00 PM.

On-Peak rate equals $.24212 per kWh.

Off-Peak rate equals $.04860 per kWh.

Demand limit set at 9000 kW.

Demand charge equals $7.60 per kW 
above the 9000 kW.



Current Electric Utility Rate No. 26

On-Peak period is applicable June 
through September from 12:00 PM to 
6:00 PM.

On-Peak rate equals $.09124 per kWh.

Off-Peak rate equals $.00482 per kWh.

Demand limit set at 6000 kW.

Demand charge equals $16.71 per kW 
above the 6000 kW.



Electrical Demand Overview



Electrical Demand Detailed Overview



Main Electrical Substation





Benefits of NMSU Chilled Water System Layout

• Additional cooling capacity to keep pace with campus 
growth.

• Electrical “Off-Peak” thermal storage production capability.

• Chilled Water is produced with higher efficiency refrigeration 
equipment.

• Centralized utility plant location improves chilled water 
distribution pressures.  This creates a reduction in the electrical 
energy required to circulate chilled water to the campus 
buildings.

• The utility plant is a modular design that allows for future 
equipment expansions.

• The ice producing refrigeration chiller provides operational 
flexibility due to the fact that this machine can operate as a 
conventional chiller in an emergency.



CTES Has Been a Success at NMSU

• $1.2 - $1.5 Million Annual Avoided Cost in Utility Bills

• On track for 15 year Payback

• Were able to add sufficient capacity to handle campus 
cooling load

• CTES provides operational Thermal Capacitor and Battery 
Effect, Firm Capacity

• Now Have Leverage to Negotiate Utility Rates – NMSU seen at 
‘Partner’ rather than ‘Customer’



Where will NMSU Chilled Water System go next?

• Turn NMSU’s ‘Cool Pool’ into Subterranean Ice Farm

– Discontinue Use of Stratified Thermal Storage Tank

– Fill Underground Storage Tank with 2-Levels of Ice Tanks

– Eliminate High Pumping Head associated with ‘Open’ System

– Move toward ‘Closed’ System for simplified O&M



Thank you for your time

Questions or Comments ???

References:
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