Trane C.D.S. eLearning Series Ice Storage Systems

% TRANE
TRACE™ 700

Modeling Ice Storage ’

Learning objectives

« Define an ice storage system
 Identify common configurations
 Modeling ice storage

e Qutputs and reports
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Definition of Ice Storage

» Utilizes thermal energy storage
o Shift the time of chiller

operation ‘

 Makes ice during off-peak
periods

e Melts ice during on-peak
periods

» |ce storage benefits from latent
capacity during phase change

What is ice storage?
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ice tank cut-away
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Benefits of Ice Storage

e Lower utility costs
« Smaller equipment size
 Reduced installed cost

Example Load Profile

5 /\\ :
2 .
w n |
& a .
-O [} n
D « >o< >
S off peak~~ -
o y .
@
o
(@)
£
IS
: |
midnight 6 a.m. noon 6 p.m. midnight

©2015 Trane a business of Ingersoll Rand 3




Trane C.D.S. eLearning Series Ice Storage Systems

Full Storage
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Ice Storage Systems

Partial Storage

Design Rules of Thumb

* Ice meets 30% of total design day cooling
loads

» Ice discharging rates range from 10 to 30
tons per tank

e Chillers lose 1/3 of capacity during ice
building mode

* Ice making time is 8 to 10 hours

TRACE™ 700 Plant Wizard

U= | =[5 [ prant configuration Wizard [=%=) |

7 Create Plants
Ahemative 1
Equipment Categary Configuration
Cosling plants
Fely ﬁ BRE Al Cooling plant - 007
Aircooled  Airoooled  Wateroooled Water-caoled las Heating plants
chiller uritary chiller unitar :
& 5
Watersawce  Baier EIectm: Gas fred
heat pump fesistance ewchan
it i
£ = i
Aircodled  Coolingtower  Pumps Therma
condenser storage
To assign equipment, drag the desired equipment category to the configuration tree,
C Cooling Equipment Heating Equipment

Close

pr——

Plant Ctl
Eneray Mt
Sequencing

Base Utility # Misc. Accessory

Select the desired chiller plant configuration

DedVPF 2 Chillers Opt Twr o
DedVPF 2 Chillers WFD Twr
DedPF 3 Chillers Opt Twr
Ded VFF 3 Chillers YFD Twr

Dedicated VPF 2 Chilers
Dedicated VPF 3 Chillrs
35 Cadling

m

2 AL Chillers
2 le Chillers
Jne Chiller

Two Chillers

q
aillers WFD Twr <

11 1 @ s ai-cooled chiler e storage system with the chiler upshieam of the -~
ice tanks and no isolation heat exchanger with dycol passing thiough the cooing

cails. The system s variable primary flow and charges from 11pm to 7am and
discharges from 11am to Spm. Select utty tive of day rate to coordinate with the
themnal storage, time of day and equipment schedules that are included in this wizard
file

Cancel
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Chiller Downstr

eam of Ice

cooling
=| coil with bypass
= two-way pipe

control valve

ice storage
tanks

2

pump

chiller
pump

water-cooled
chiller

Chillers Downstream of Ice

-

|

Plant Configuration Wizard

[ Creste Plants

e s

Select the desired chiller plant configuration:

5o VPE 3 Chillers VED Tor Cooling Equipment - Alternative 1

Heat Rejection

Dedicated VPF 2 Chilleis

Dedicated VPF 3 Chillers

Direct Fired Abs Cooling

Double Bundle Condenser HR

Ice Storage - 1 AC Chiller

Ice Storage - 2 AC Chillers i
Ice Storage - 2 [ce Chillers
Ice Storage - One Chiller
Ice Storage - Two Chillers
Man VPF 2 Chillers Opt Tunr E
Man VPF 2 Chilers VFD T

Man VPF 3 Chillers Opt Twwr

Cooling plant

Equipment tag Chiller #1

[

E

|The(mal Storage Plant

SCREENCAST —

|

Type  [EqS100 - Cooling tower
Hourly ambient wet bulb offset |

Copy Equip

Percent multiplier vl

M |Man VPF 3 Chillers VFD Tuw Delete Equip
Manifold VPF 2 Chillers M S, = SR |
Ice Storage - 2 Ice Chillers is [2) 500 ton 3-stage centril Reject heat to plant [ J i
|amangement, each with their own primary chilled water Conlrols..
!ro}:ls m;i«hng mf‘r)ac“g and ha\;z a 10[135:%!3*
e b ischarge from 7 a.m. to 7 p.m. on the we: . P

remaining time. Standard cooling towes. Constant volun - Diecating node Coach I— Enep1ele
water pump head, 80 ft. of condenser pump head Cooling 500 tons 085 [kWi/ton

Heat recovery tons | | kW /ton

Tank charging 335 lons 078 KWwi/ton

Tank charging & heat recover, tons | | KW/ton

Pumps Type Full load consumption

Primary chiled water Eq5001 - Cnst vol chil water pump 150 ft water

Condenser water Eg5010 - Crist vol cnd water pump 80 ft water

Heat recovery or aux condenser None 0 It water

Configuration Cooling Equipment Heating Equipment | BaseUtity / Misc. Accessory |
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Chillers Upstream of Ice

bypass

R e
' %4—

air-cooled
y chiller
cooling
coil with A4
three-way
control valve ice
valve

- = ]

| ice storage
tanks
Chillers Upstream of Ice
[ Plant Configuration Wizard [ Create Plants [=] & =]

Select the desired chiller plant configura Sleranell

Ice Storage - 1 AC Chiller Equipment Category Configuration
Ice Storage - 2 AC Chillers "] Cocling plants Close
ﬁ. m” gg ﬁ (=-ll#8 Cooling plant - 001
1 A Thoa sl aba ~mp

Ice Storage - 2 Ice Chillers
|ce Storage - One Chiller
Ice Storage - Two Chillers . Plant Wizard
Man VPF 2 Chillers Opt Twr o2 ITEE SEaLEs

Man VPF 2 Chillers VFD Twr charge modes

ManVPF 3 Chillers Opt Twr New Clg Plant

ManYPF 3 Chillers VFD Twr W New Htg Plant
r

Manifold VPF 2 Chillers
Manifold VYPF 3 Chillers
Parallel 2 Chillers

- 1t o i
Parallel 2 Chillers Opt Twr o Y=R = ﬁr )
! |Parallel 2 Chillers VFD Twr a= a o
Parallel 3 Chillers Aircooled  Cooling tower Pumps Thermal

condenser storage

This is a single air-cooled chiller ice stor
ice tanks and no isolation heat exchang
coils. The system is variable primary flo nergy Mgrt. .
discharges from 11am to Spm. Select u
Fhelmal storage, time of day and equipm
le.

L L R b

To assign equipment, drag the desired equipment category to the configuration tree.

Configuration | Cooling E quipment Heating Equipment l Base Utility / Misc. Accessory
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() Create Plants =] &
Cooling Equipment - Altemative 1 Heat Rejection
Caoling plant [Cadkng plart - 001 =l Type  [Aircooled condfans codingmode |
Equipment tag Hourly ambient wet bulb offset | F [ Ciose
Calegory [ ir-cooled chillr | [D- T =
= |
Equipmert lype [4ir cooled chilet plusice dischmode | | - Themal Storage: Ii
Sequencinglype  [Parolel | kleat Rejectiory
Eneigy souce [ | =] Type  |aircooled cond fans ice buld mode | _ oo |
Risject condenser heat [Heal rejection equipment = =] || Houly ambient wet bub oitset | F Close
Reject heattoplant [ E| =]
- ~] Thermal Storage NeNEdm
Operating made Capacity -
Tooing fi] Ti Plant Capaciy 0% TRwien PO - arcle) S| e o 5 Copy Equip
Heal recovery tons [kWiton = s [58 Rl e —
Tank charging [tons Kw/ton Eperioace | = Cacacki 1550 Petcent mulipler =] Delete Equip
Tank chaiging & heal (ecovery tons Ewiion Reject heat [Heat rejection equipment =l Schedule [Discharge 11am to Spm A —
Purnps Tupe Full load Reject heat to plant [ _l
Primnary chiled water WV Evap Water Pump - 16 F Delta T 120 |t water Controls...
Condenser waler None 0 [t water —_
Heat tecovery or aux condenser MNone. 0 [t water
e Operating mode }_ Capacity Energy rate
Configuration Caoling E Heating Equipment .‘_ Cooling 65 1% Plant Capacity |1.06 [kwhon
Heat recovery ) Itons [kWiton
Tank charging 3] |2 Plari Capaciy (] [KW/ian
Tank chaiging & heat recovery | |tons |kw//ton
Pumps Type Ful load
Primary chilled water VY Evap Watei Pump - 16F Delta T 180 |1t water
Condenser water Mone 0 |1t weater
Heat recovery or aux condenser |None ] (it water
Configuration Cooling J Heating E qui | Base Utiity / Misc. Accessory
5] Schedule Library o] @ (=
Schedule Definiti
Schedule type |Ulilizatim J ettt
Description | ~| Slat End '—-I
) . Month !Januasy ;i |Dec=mb=r :j Close |
Simulation type  * Reduced year — —
Tl e[ty ypes ork] Day type |I'.‘nn!ng design j |I'.‘no\|ng design Lj
- New Sched
[ Stattime [ Endtme | Percentage |
[Midnight | Midnight |100 |« Copy Sched
Comments ! ! k
Del Sched
June - August ——
January - December New Definition
January - May E
Heating design Copy Definition

Del Definition

Reset and lockout table

% Sensor ype

Op Reset

MOTE: The reset and lockouts are available for the following: Design phase infiltration, ventilation, reheat minimum, and all system

simulation schedules.

I\

Graphs
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e Plants e e
fing Equipment - Altemative 1 Heat Rejection
poling plant |Eoohng plant - 001 Ll Type Cooling towser for Cent. Chillers Ll ¥
uipment tag |Icemaking Chiller :I Hourly ambient wet bulb offset | F ] Close I
egary [water-cooled chiller ~| (] Schedule Library ===
ipment type [2Stage Centitugal =] |  Themal Storage l .. ... = | - Schedue Definiion
fquencing type |Pavdle| _:J Start End P —
ergy source | ;_] onth IJaruaw L‘ |Decembs| j ‘ Close
ject condenser heat |Heat rejection equipment _:] ay type |Eoulhg design ﬂ |Weekday _v_]
. New Sched
fectheat to plant [ | Stat time End time Mode D]
Midnight 7am Charge - Copy Sched
e e et et i+ e 7am 11 am. SatNoT ank —
(Operating mode Capacity [ Ener 11am |Discharge |
ng 500 [tons 0.65 W Spm [Satisty load
recovery . |tons | |kw 1 pm Charge
charge 33 [tons 0.78 W
charging & heat recovery [tons ki
Pumps Type [ Fullload ¢ i Copy Definitio
ity chilled water Crist vol chill water pump 150 ftw —
Enm water Cnst vol cnd water - Low Eff a0 | few
Iecovery of aux condenser None [1] [Ftw
Configuration Cooling E Heating E quipment
Schedule 1 Graphs
rThermal Storage Librar
%] Thermal Storage Library
Equipment type Climatice L] Discharge Strategy
Comments 1Cgr£a!e I1cI::;ancc:de Storage Tank Control type |U ptirize ﬂ
is x 100%design cap.
Limnit tons
Schedule code I
Storage  Capacity [
Type [Loollng ] | Maximumloss |0 Jkw v
Losses [0 |Percent |
Waring |0 [Percent = Fhid Properies
level
Specific heat |1 Btu/lb-*F
Density 62.32 Ib/cu ft
Designdelta T |20 ‘F
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Equipment Level Storage

T create Plants

=

(]

d

Itemative 1 Heat Rejection

|Thelmal Storage Plant :l Type [E q5100 - Cooling tower j :
|Chiller #1 | Hourly ambient wet bulb offset. | F Cose |

IWater»cunl:d chiller _:J

age New Equip |

E E Climatice j m}
Percent multiplier L] M

Storage _1]

@«
~
o

LB s W e -
! -~ k Controls... |
Operating mode Capacity Energy rate
Cooling 500 tons 0.65 W fton
Heat recovery tons W fton
Tank charging 33% tons 0.78 W /ton
Tank charging & heat recovery tons W ton
Pumps Type Full load consumption
Primaty chilled water Eq5001 - Cst vol chill water pump 150 ft water
Condenser water Eg5010 - Cnst vol end water pump 80 ft water
Heat iecovery or aux condenser None 0 ft water
Configuration Heating Equipment ] Base Utility / Misc. Accessory
[ Create Plants =T
Altemative 1
Equipment Category ( Plant Controls ﬂ
@ m‘ ﬁ q Description Cooling plant - 001
Air-cooled Aircooled  Water-cooled W'~ .o ! oK
chiller unitary chiller _
= Cancel
& u
Water source Boiler Electric Ga
heat pump resistance e o
E—é W: || Cogeneration type | =l TLoop Ent Bldg | None __-_J | None LJ
Aircooled  Cooling tower  Pumps TH | Secondary distibution pump Flow rate |1 0o [ of condenser flow rate |
condenser E
Type ENune ;I Loop pump |N ane ;I
Full load o
o o }U II! water ;I
Pump F L rate IU [t water |
hermal storage Flow scheme IFuIIy mixed d
To assign equipment, draj Type EClimalice Number of simulation years |1
Capacity ES?B |P‘erceni multiplier Loop fluid glycol percent |0 %
[ . Codl Schedule EStnlage Heat exchanger approach |0 F
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Equipment Schedule

[ create Plants [= | & | & || cooling Equi Controls

Heat Rejection Flant description:  Cooling plant - 001
Cooling plant [Cocling plant - 001 ~| Tupe Cooling tower for Cent. Chilers ~| Aaply Equipment tag lge-making Chiler o
ancel

Equipment tag [Ice-mking Chillr | Hourly ambient et bulb cffset °F Close Free Coling
None = Codling Plant
Categoy [water-cooled chiller -] ( Type None -
- Geothermal
Equipment type |345tage Centifugsl e Nane =1 Cantiols
Sequencing type Parallel Nt o/

Enerqy sourcs ereray [0 Kool -
Reject condenser heat |Heat rejection equipment = [Nare -

Reject heat to plant
sndenser Water Leaving Reset Options

~Caling Equipment - Altemative 1

May
Dporating mode Copacly Ereray ate p;ckaged i Fieset Based On Fieset Curve Fleset TD
nergy - - °f
Coolng il fons 0 W/ion iy e |Mone =] [More =i F
Heal recover tons Won
Tank chaiging 1335 tons 078 Won ser .
xS B el I tons. Wifton [Hone =] [Nene ][ F
Pumps Type [ Fulload consumption
Pimary chiled water Crist vl chill waer pump 150 it water Load shedd e =] DonchledwstersetaT [l F
Condenser waler Cist ol ond waler pump Low EX 80 [t vater o sheddng scONgzgt |No i ehiled watar dela
Heat recovery or aus condenser Nane 1 it water Evaporative precooli No - Disn cond water deta T [10 °F
Configuration Caoling Equipment | Heating Equipment Base Utiity / Wisc. Accessoy | qupmgm schedule [Avalable for Themal Storage ] )

Demand limiling prioity |

Hat gas reheat for s -

dehumidification

Outputs: Thermal Storage Report

January - Weekday

Typical  Cooling -~ Chiller -— Storage
OADB OAWB Load Load Demand Capacity

Howur °F = ton ton Kw ton-Hr

charge

satisfy

8 165 155 400 400 200 1,000
9 179 167 400 400 200 1000 load

10 20.1 188 60.0 60.0 30.0 1,000
11 229 209 60.0 60.0 300 1,000
12 258 232 600 0.0 0.0 940
13 285 256 80.0 00 0.0 860
14 307 273 80.0 00 0.0 780
15 322 284 80.0 0.0 0.0 700
16 327 289 80.0 0.0 0.0 620
17 325 290 80.0 00 0.0 540
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Outputs: Visualizer

5 = o
% TRACE 700 Visualizer - [E=RE

File Edit View Options Help

Alt1: 2 RTAE Parallel Building Cool/Heat Demand
Alt 2: 2 RTAE ICE
Alt3 2RTACICE

Alt 2: 2 RTAE ICE Ice Maker Load (tons) Cigid Met by Tank (tons)
D Clg Plant Load (tons) Ice Maker Demand (kW) Ice Storage Capac (ton-hrs x 10)

Time/System Selection Jul' Weekday
First/Last Mo mzlr_'
Fir&t!LaleayﬁE_:ﬂE 800 +
Fisthastr [ 1] 24
First/Last Sps ﬁE_WE

600
Design
Jeckday
500 —
onday
400 —
ACKE
¢ SN
% _Demand ansumplio 300 4
s |lce rage i
Miscellaneous | Weather 200
firside  ClaPlant | Hig Plar
T [Geothemal Fump 7 100 -
[~ |Cla Accessories
[ |4l Fans o -
10 12 14 16 18 20 22

700 —

---------------
[v|Ice Maker Load B P 4 6 8

[V|Ice Maker Demand
[ |Clgld Met by Tank
[¥|Ice Storage Capac

24

Additional resources

 PDF of this presentation
« TRACE™ 700 User’s Manual
 Online (F1) help

« Trane.com/ContinuingEducation
Ice Storage Design and Application
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TRANE

contact us

phone | 608.787.3926
fax | 608.787.3005
email | cdshelp@trane.com

Web | www.tranecds.com

Q//ﬁ) Ingersoll Rand
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