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INTRODUCTION  
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COOL  THERMAL  ENERGY  STORAGE  (TES) 

ºProduction of cooling 

capacity at one time 

for use at another 

time  

ºUncoupling of system 

cooling load  from 

plant cooling load  

ºEffects  

· Reduce peak demand 

· Increase load factor  
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LOAD  FACTOR  

ºRatio of average load to peak load ñmeasure of 

capacity utilization  

º Low load factor Č 

· Larger generation requirement  

· Lower efficiency  

º Increasing load factor Č 

· Reduces generation requirement  

· Improves efficiency  

º TES increases load factors  

· Plant (thermal)  

· Electric grid  
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COOLING  LOAD  FACTOR  

High: 83%  Low: 30%  
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TES E FFECT  ON ELECTRIC  PROFILES  
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UTILITY  LOAD  FACTORS CAN  BENEFIT  

FROM  TES 
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TYPICAL  LOAD  FACTORS 

º Typical building electric load factors  

· Buildings (consumption)  

º Industrial  60 ð 80% 

º Institutional  40 ð 60% 

ºCommercial  25 ð35% 

ºCommercial building electric peak ~40% refrigeration load  

ºElectric utility load factors are low, ~50 ð 60% 

· Load shifted from electric provider improves utility 

load factor  
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TES OPERATING  MODES 
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NON-STORAGE  COOLING  SYSTEM  
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COOLING  SYSTEM  WITH  TES 
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TES B ENEFITS -OPERATING  COST SAVINGS  

ºElectric cost savings from load shifting  

· Peak demand reduction  

· Favorable TOU charge differentials  

· Increased efficiency?  

ºSite 

ºSource and transmission  

A
S

H
R

A
E

 S
in

g
a

p
o
re

 C
h
a

p
te

r 
3

/7
/1

1
 

12 



TES B ENEFITS -CAPITAL  COST SAVINGS  

ºSmalleré 

· Chillers and ancillary equipment (cooling towers, 

pumps, etc.)  

· Electric service  

ºReduced cost of distribution components by 

exploiting low temperature to increase DT on 

water and air  

º Trade off with cost of TES components  
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ºDemand-side management  

· Capital cost benefit to electric producer: reducing 

demand cheaper than new capacity  

· Penalties/rewards in rate structure  

· Incentives  

º Technical support  

ºRebates 

ºSpecial rates  

· Viewed as an economic transaction between producer 

and customer, not an efficiency measure  

 

RECENT  H ISTORY  OF TES 
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ºBacklash and Deregulation  

· Belief that TES increases energy use ð not ògreenó 

· Too many failed systems ð unintended consequence 

of incentives  

· End of regulatory conditions that funded incentives  

· TES dead? 

ºòCrisisó for TES led to efforts to evaluate and 

identify its potential as a green/sustainable 

technology 

 

RECENT  H ISTORY  OF TES, CONTõD 

A
S

H
R

A
E

 S
in

g
a

p
o
re

 C
h
a

p
te

r 
3

/7
/1

1
 

15 



SIZING  AND  CONTROL  
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SIZING  

ºDesign operating cycle -usually 24 hours  

· Longer cycle, typically 7 days, used to take advantage 

of lower average loads  

ºHow much storage (energy)?  

ºMaximum charge/discharge rates (power)?  

ºWhen to discharge?  

· Utility peak period  

· As needed to meet load 

· Demand limit  
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FULL  STORAGE  (DAILY ) 

ºShift entire cooling load during a high utility cost 

period  

º Largest  

· peak demand shift  

· storage requirement  

· refrigeration requirement  

ºDriven by operating cost savings  

ºRarely the best choice w/o external drivers  
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FULL  STORAGE  
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PARTIAL  STORAGE  

ºShift part of load  

ºSpecial caseñload leveling  

· Plant operates at full capacity (load factor = 100%) on 

design day 

·Minimum refrigeration capacity requirement  

·Moderate storage requirement  

· Chiller capacity ~total load/cycle length  

ºSmaller load shift than full storage  

ºNear optimal payback  
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LOAD  LEVELING  PARTIAL  STORAGE  
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DEMAND  L IMITING  

ºUse storage discharge to control aggregate 

demand 

ºHigh peak discharge rate relative to amount of 

storage 

ºMust predict electric demand profile  

ºCan double electric cost savings of load leveling 

applied to cooling load profile  
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DEMAND  L IMITING  
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OFF-DESIGN  CONDITIONS  

ºDesign day operation determines component 

sizes 

ºMost operation occurs at off -design conditions  

ºMany options for use of storage when it is not 

required for meeting peak load  
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CHILLER  PRIORITY  

ºUse chiller first  

ºOnly use storage when chiller capacity is 

exceeded 

ºGood strategy if billing demand reduction is 

primary benefit  

ºSimpleñrequires no load prediction  

ºMay result in low utilization of storage  
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OFF  DESIGN  CONTROL  

º Level load storage 

requires 1,107 ton -hr  

and shifts 180 tons on 

design day 

º 50% load day 

· Chiller priority uses 167 

ton-hr  and shifts 46 tons  

· Storage priority meets 

entire load of 1055 ton -

hr  and shifts 134 tons  
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STORAGE  PRIORITY  

ºUse as much storage as possible and meet 

additional load directly  

ºGood strategy when energy cost differential is 

large  

ºMay require load prediction  
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OTHER  

ºDemand limiting  

· Use storage only to meet billing demand target  

· Requires load prediction by billing period  

ºOptimal  

· Dispatch storage to minimize overall cost of operation  

· Complex/difficult ñrequires real -time simulation  

ºEmergency  

ºConvenience 
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H OW DOES  TES A FFECT  

RELIABILITY /REDUNDANCY ? 
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ENSURING  RELIABILITY  

ºNon-storage plant  

· Failure mode is loss of largest chiller  

· Assume equal -sized chillers  

· If N chillers can meet critical load, N+1 are needed  

ºStorage plant  

· Failure modes are lose chiller or lose storage 

· If storage fails, N chillers are needed  

· If a chiller fails, N -1 chillers must be able to level the 

design load 

º Less chiller capacity is required to provide the 

same redundancy with TES  
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ENSURING  RELIABILITY -DETAILS  

ºPlant with 1 chiller  

· High reliability must not be a priority  

·With storage, system is still better than without  

ºAnalysis is slightly more complicated for ice 

storage 

· Not all chillers may be ice makers  

· Different charge and discharge capacities for ice 

makers  
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THERMAL  STORAGE  M EDIA  
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SENSIBLE  STORAGE  

· Thermal energy associated with change in 

temperature  

 

 

 

· Storage density depends on specific heat and 

temperature difference  

· Separation of warm and cool medium is critical  
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LATENT  STORAGE  

º Latent storage  

· Thermal energy associated with liquid -solid phase 

change 

 

 

· Less sensitive to temperature difference than 

sensible storage 

fhmQ DÖ=
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STORAGE  MEDIA  

ºWater predominates for both sensible and latent 

storage 

· Sensible: 1 Btu/ lbm -F 

· Latent: 144 Btu/ lbm  

º In theory, latent storage ~7 -10 times denser than 

sensible storage at typical DT, but actual values 

are closer 

ºAdditives can alter water properties for sensible 

and latent TES  

ºòEutecticsó change phase at a range of 

temperature  
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SENSIBLE  THERMAL  STORAGE  
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SENSIBLE  STORAGE  METHODS  

ºObsolete or rarely used  

·Membrane tank  

· Empty tank  

· Series tank  

ºStratified tank  
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MEMBRANE  TANK  

ºWarm water in top of 

tank, cool in bottom  

ºMoving physical 

barrier between warm 

and cool water  

ºMaintenance issues, 

thermal performance 

not outstanding  
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EMPTY  TANK  

ºSeparate tanks prevent 

cold and warm mixing  

º Lots of controls  

º Thermal carry -over in 

empty tank  

ºEmpty tanks cost as 

much as full tanks  
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SERIES  OR BAFFLED  TANK  

 

ºStratified tanks 

connected in series  

ºCold enters and leaves 

low 

ºWarm enters and 

leaves high  
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NATURALLY  STRATIFIED  TANK  

ºWarm water on top, cool 

water on bottom  

ºSeparation by buoyancy  

ºSimplest, cheapest, best 

performance  

ºPreferred technology  
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EXPECTED  PERFORMANCE  

º Figure of Merit  

· Capacity discharged/ 

Theoretical capacity  

· Reflects mixing, 

ambient heat gain  

· Usually one tank 

volume charge and 

discharge, but 

discharge may be 

limited by maximum 

outlet temperature  

· Typical FoM: 85 - 95% 

FoM=A/(A+B) 
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