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Agenda

* Background of Chilled Water System
* Review of Early Optimization Efforts
* Current Status of System

* Targeted Approaches Used
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UT's Chilled Water System

* 60,000 tons of capacity

* 5 chilled water plants

* 18 electrical centrifugal chillers (2,500 to 5,000 tons)
* 18 miles of loop piping

* 3.6 MG, 36,000 ton hour & 5.5 MG, 55,000 ton hour
thermal storage tanks

* Nearly 200 connected loads

* Over 200 loop valves

* 35 primary chilled water pumps
 Variable primary pumps in plants

* Variable secondary pumps in buildings
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Operations at a Glance

Peak Cooling Load - 36,000 Tons

Peak Chilled Water Flow - 45,000 gpm

Average Supply Temperature - 39°F

Average Return Temperature - 49°F

Average Supply Pressure at Plants — 100 psig
Peak Supply Pressure at Plants - 125 psig

Total Annual Production 137,000,000 Ton-Hours

Total Annual Power to Plants — 80,000,000 kWh
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Chilled Water System Roadmap

» Started with Power Plant Optimization

* Linked Chilled Water System to Optimization
» First all VFD cooling plant in 2007

* Learned the value of primary pumps in 2009

 Used Termis (real time model) to investigate
DP reduction

» Used OE to link plants to loop optimization



) e :
i The University of Texas at Austin WHAT STARTS HERE CHANGES THE WORLD

FUEL GAS -25kY City af Austin
276 MMButhr BIKY Fuel Balance
531 MIEuthr r o M| 58IMER
i2ky 2 G01 MMt
E Boilers ] Cas 26,71 i
225 MMENUh Turhi I
urbings Power Balance
Steam Header Balance | %2663 135,345 bt 2RI K HOY | 6 GEM | 42771kW
0 psig B F PPL | Interal uT | 4277k
128/ Btufl OFF | ok
I MEEL ¢ B8k RS B270kh 152454 Ibth 15,055 K
ouT 30164 Ik NOX || In-Plant _ Distribution Ik
OFF DKIbfh| S Use Steam Turbines @ HH
O0E=000
[ Campus ]
157 psi B F oky | Uer—dld
133 Btufl
I ‘ WG | 4ETIRR 62000 2454 Ibth| | 4246810t Ui bl |BTTERY 3706k
ouT 35,205 ot Tn-Plant Heating
OFF | oK e @ T 1Y
AW S
ST
Blade — |
ool 4514 bt 1,366 bt ! HB He
| - - (0zA000 .
15 psig 451F Camps | Ehll_lmn
1267 Btufl ‘ Stations
I 247 78 b 0 bt . .
our 3297 btk Station | Chiller | 450 6rm
OFF | oKk Losses Results | Results
4764 b ¥



@ The University of Texas at Austin WHAT STARTS HERE CHANGES THE WORLD

oJi2 paid pasndy, - Cooling Distribution
| ==F . System Model
TERMIS

£ 11.9 psid
tas psid

217.1 psid
-1.4 psid

Model Options
*Building Pump Status
*Bottlenecks
*Differential Pressure
*Load .

*Supply/Return Temps -%! _198 88 ; :,':
*Flow levels 2.2 psigly-Sfpsid
*Friction loss

*Isolation Valve Status
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Pressure Gradients [TONS]
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Cooling Plant Performance
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KW/TON LBS/HR
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The Foundation of UT’s Optimization

Campus Optimization

N\
\

\

)

Optimize systems
not just components

You cannot optimize

what you cannot measure 3 LAWS OF

OPTIMIZATION

._\.
N\

Optimization must be fully
automatic, dynamic,
and supported by experts
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[ campusStaging | OAT| 61.3°F | OAH| 93% 60.2 °F UT Austin
Chiller Station 4 Thermal Energy Storage Tank 1 - [Austin Distributed Chiller System
Total Plant kW 0.0 kw TESMODE 0 System Totals
Total Plant Efficiency | 0.000 kw/Ton Total Plant Ener.qy Use 0.0 kw UT CHW Total Elow | 26,174.0 gal/min |
CS4 CH1 EvapTons 0.0 Tons Total Plant Efficiency 0.000 kW /Ton UT CHW Total kW 6,644.3 kW
CS4 CH1 EvapFlow 0.0 gal/min Cflarge Flow 0.0 gal/min UT CHW Total Ton e
CS4 CH2 EvapTons 0.0 Tons Discharge Flow 0.0 gal/min UT CHW Total KW/Ton | 0.539 kw/Ton
CS4 CH2 EvapFlow 0.0 gal/min
CS4 CH3 EvapTons 0.0 Tons €53 Total Ton 0.0 Tons
CS4 CH3 EvapFlow 2.0 gal/min C $4 Total Ton 0.0 Tons
C S5 Total Ton 0.0 Tons
Chiller Station 5 Cs6 Total Ton 9035.0 Tons
Total Plant kW 0.0 kw CS7 Total Ton 3290.0 Tons
Total Plant Efficiency | 0.000 kw/Ton HDPE CHWS Flow e
CS5 CH1 EvapTons 0.0 Tons HDPE CHWR Flow 3,884.0 gal/min
CS5 CH1 EvapFlow 4.0 gal/min :
CS5 CH2 EvapTons 0.0 Tons
CS5 CH2 EvapFlow 0.0 gal/min
CS$5 CH3 EvapTons 0.0 Tons Chiller Station 7
CS5 CH3 EvapFlow 0.0 gal/min Total Plant kW 1,560.3 kW
n Total Plant Efficiency 0.474 kW/Ton

CS7 CH1 EvapTons 0.0 Tons
CS7 CH1 EvapFlow 2.0 gal/min
CS7 CH2 EvapTons 0.0 Tons
CS7 CH2 EvapFlow 1.0 gal/min
CS7 CH3 EvapTons 0.0 Tons

N t& ‘ CS7 CH3 EvapFlow 1.0 gal/min
e % : & 7 2 il 57 CHa EvapTons 1733.4 Tons
PN . LS SR E 4 & 73N D = AN AT
Chiller Station ; =/l ?. \ . y = Chiller Station 3 CS7 CH4 EvapFlow 4,119.0 gal/min
Total Plant kW 5,084.0 kw LG LT / ~ > Total Plant kW P CS7 CH5 EvapTons 1556.6 Tons
Total Plant Efficiency | 0.563 kw/Ton 2 Total Plant Efficiency | 0.000 kw/Ton CS7 CH5 EvapFlow | 4,151.0 gal/min
CS6 CH1 EvapTons 3033.0 Tons AL > CS3 CH1 EvapTons 0.0 Tons CS$7 CH6 EvapTons 0.0 Tons
CS6 CH1 EvapFlow | 5,961.0 gal/min : im ' CS3 CH1 EvapFlow 0.0 gal/min CS7 CH6 EvapFlow 1.0 gal/min
CS6 CH2 EvapTons 2956.0 Tons iy 144 PSID | Turbine Inlet Cooling CS3 CH2 EvapTons 0.0 Tons _
CS6 CH2 EvapFlow 5,855.0 gal/min GT8AICZ = omy CS3 CH2 EvapFlow 0.0 gal/min
CS6 CH3 EvapTons 3046.0 Tons GT8 AIC Flow 352570 52l i CS3 CH3 EvapTons 0.0 Tons
CS6 CH3 EvapFlow 6,075.0 gal/min GT10AIC ZI Y5 CS3 CH3 EvapFlow 0.0 gal/min
[ Dachbioard | GT10 AIC Flow 393.0 gal/min | Dashboard |
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Campus CHWDP Control at CS6
1 [ csesm |
= ok OE DP Setpoint

HRC | 15.1 PSID

ERC | 17.4psID | == ContrelDP

3
4
5 MRH
]
r

Step 1: CS6 - Master DP Control

SR | 145P510 || pumpspeed
ADH| 8.2 PSID

To Chilled Water Distribution System

PlantTons OAT CT kWiTon i3 ¥
[ 9385.0Tons | | 61.6°F | [ 0.029 kw/Ton |
Plant kW/Ton OAH CDWP kW/Ton
[7ao Jig [Cossaiwron ][ s4% ] [ o0s2kwton | g Conirl OP 7]
PlantkW OATWE CHWP kWTon.
51980kW || 60.4°F [ 0.057 kw/Ton |

Return Pressure
37.0 PSI

Supply Pressure

— L 1

L4

' ‘ . Condenser

| | Approach Temp1.0 °F

CTFAN 1 CTFAN 2 CTFAN 3 Flow 11,914.0 gal/min 51.8 °F |
Evaporator
Speed 80 % Speed 80 % Speed 80 % Appionch Temp-0.5°F
W 94.0 kW kW 92.0 kw KW 95,0 kw Flow 6,140.0 gal/min
Flow  11,324.0 gal/min Flow  11,232.0 gal/min || Pow  11,173.0 gal/min Chiller 1 ‘
I I
I l’ 2 &) CH1SS Enable | CHIDMD 100 %
= ¢ CH1STSP 40.0 °F | CH1IGV 101 % CRWE1
] ? KW 1,281.0 kW | Tons 3149.3 Tons Speed 62 %
KWiTon 0.406 T

!

71.0 °F %
I -
CDWP1 Condenser
Speed 74 % Approach Temp 1.0 °F t
& KW 0.0 kw 4+ Flow 11,854.0 gal/min e -

Approach Temp0.5 °F
Flow 6,068.0 gal/min

Speed 62 %
KW 1340 kW

- Chiller 2

CHZDMD 100 %
CH. CH12GV 100 %
KW 1,271.0 kW | Tons 3087.1 Tons
KW/iTon 0.411

CDwP2
Speed 74 %

KW 165.0 kW

CHWP3
Speed 62 %
KW 128.0 kW

A

55—

Looeeca (G
ooy [
LoopMode  [[NEGET] CDWP3 i °°T‘d_°““’1 o
pproach Temp1.
BASWATCHDOG Spead 74 %
YW 172.0 kW Flow 11,360.0 gal/min

Evaporator
Approgch Temp0.5 °F

Flow 6,240.0 gal/min

CHWP4
Chiller 3 Speed 62 %

CH3SS Enable | CH3DMD 100 % KW 133.0 kw
CDWP4 CH3STSP 40.0 °F | CH3IGV 100 %
Spesd 74 % KW 1,332.0 kW | Tons 3148.6 Tons

KW 155.0 kW kW/Ton 0.423
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Step 2: CS7 - Sweet Spot Optimization

Rewrm Pressura
COWR?P 173Ps1

COWRP2 151 P51

563 °F
CTFANT1 CTFANTS
|Speed cd4 % Spead 64 %
KW 50.4KW oW S22KW
AVAL  true AVAL  true

COwWP7.1

CDWP 72

Piant Tons

KWTn

Speed 0%
o 0.0 kW
AVAL faise

CowP73
d 0%

0.0 kW
VAIL fatse

AVAIL trus

J
\Tan

W 0.0 kW
AVAL fales

WP XVéan

BCHWR AWWTon

J045 KW

COWP 75§
70 %
W 733 KW
AVAIL trus

703

2upply Precoure
cowr 138 Pst

COWePZ 137 PSI

comaTar
CowWFLO®
COWPTR
CHFLOSF
CITFLOIP
CHWFTR
cHWaTAP

CHW Pressures
Supply
Rewm

Rewm3

From Heat Pump e

Chiiar 7.1 2500 fon

SS Disabis{ CH1IGV 0%
w 0.0 kW| CH1SPD 0°9
LA 0% Ava falsg
EvapApp  -5.3°F Toms 0.0 Tong
Cond App -0.5°F £ 0.000 K\W/Ton

Qlce
20 Tons
9.000 WW/Ton}

A0

1%
°%
Ava! e
Tons 20 Tone

=n B

w#/Ton

Chilier 7.5 2500 ton

Enable
518.0 kW

142569 Tong
0.363 XWiTon

| cHwERT2

ow 00 kW

CM‘I‘erTC. 2500 ton
Disable| C+5
0.0 kW|

0%| A
72 ‘F‘ T
07 °F| =8

0.0 Tonsiay
0.000 kwrory

!

Negamve(-) = Flow \a Campus
HOPE Fiow Aarms
Siale HDPES) Norma
CHWE T3 St HDPER|
Speed 53%

FowMsmaeh | N P
452 kW

Prassures

CHWP T4 ERCOP
Speed" 0% ERCMaxD2 S
w A W
= 00% CS7 MInCHWRP
CHNP 756
Spead
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Step 2: CS7 - Sweet Spot Optimization
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The University of Texas at Austin

Step 3: CS7 - Maximize Output

UTAustin Distributed Chiller System

System Totals
UT CHW Total Flow
UT CHW Total kW
UT CHW Total Ton
UT CHW Total kW/Ton
CS3 Total Ton
Cs4 Total Ton
Cs5 Total Ton
CS6 Total Ton
CS7 Total Ton

HOPE CHWS Fow
HOPE CHWR Fiow

Chiller Station 7

Total Plant kW 1,459.8 kW

o Total Plant Efficiency

HDPE Flow

Supply | -3,680.0 gal/min
Return | -3,792.0 gal/min
Flow SP| 3,819.9 gal/min

Negative(-) = Flow to Campus

HDPE Flow Alarms

Stale HDPES Normal

Chi
Total Plant kW
Total Plant Efficiency
CS3 CH1 EvapTons
CS3 CH1 EvapFlow
CS3 CH2 EvapTons
CS3 CH2 EvapFlow
CS3 CH3 EvapTons
CS3 CH3 EvapFlow

& CS7 CH1 EvapTons

oo |

CS7 CH1 EvapFiow
CS7 CH2 EvapTons
CS7 CH2 EvapFiow
CS7 CH3 EvapTons
CS7 CH3 EvapFlow
CS7 CH4 EvapTons
CS7 CH4 EvapFlow

# CS7 CH5 EvapTons

CS7 CHS5 EvapFlow
CS7 CH6 EvapTons
CS7 CH6 EvapFlow

Pressures

Stale HDPER Normal
Flow Mismatch Normal

ERC DP 17.0 PSI
ERC MaxDP F{ 20.0 PSI
CS7 MinCHWR 40.0 PSI
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Step 4: TES Discharge
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0.0 galimin | [ oopsi | [ oopst | | oo |
f ? l;. l{ East Tunnsl
I ~ T
0.0 °F i
= [ o% [} [ o% |
OLA Cale TESH 70.0 ft Bt OHOUINED Cak Inst Cheg Tons
OLA CakeT@0ischglyl 0.0 ft BOP Caic Thermoivi 0.0ft Charged TonHours
OLA Caic Inst Tons 0.0 Tons AvglePDT 0.0 °F
OLA Avg Tons 0.0 Tons Calc Inst Dist Tons 0.0 Tons | !
Db Pitod Albired 0.0 Caic Inst Chrg Tons 0.0 Tons yis=tikne
Charge Period Allowed 0.0 -— TonHr To Chrg 0 TonHrs 0%
OLA DischFlo SP 3,000.0 gal/min TimeToChrg L
OLAChargeFlose | 3,000.0 galimin TonHr Remain 0 TonHrs
! | ! !
Y e @‘ oS8
= | 0%
- 0%
P102
Speed 0%
DISCHARGETIMEStant 0.0 KW 0.0 kw cs8
CHARGETIMES!zn 0.0
DISCHARGELVL 0.0 ft SOFMODE OFF
TESAVAILABLE true LOOPREQ OFF
TESPIOTAVAIL false i COMLOSS Norma
TESPI02AVAIL true {:‘ SOPWATCHDOG 0.0
DISCHARGETIMEStop 0.0 0% CEWATCHDCG 0.0
CHARGETIMEStop 0.0 P101 OECREADY fakse
Speed o
TESMODECMD 0.0 9% CHILLERNEEDED 0.0
: Kkw .
TESFLOWSP 0.0 gal/min 0.0 kW |
NFE o0 (::=E West Tunne!
F | 0% 0% L+ Sy [ |
! Calc Inst Dist Tons 0.0 Tons
o) I [ SUES J 7 T 0.0 PSI*I [__0_'0 ﬂf_] Discharged TonHours 0 TonHrs
E I A ._,4_1 1 : ’ i l{_ ) l{
9 > ¥ East Tunns!
0.0 °F 0% " 0% |
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Step 5: CS5 - Flow Control (imitate CS6)

100% |

592°F |

- 100% | W | 100%
[jsae*] w:.rll

| -#5.2 gavmin |

cT2 cT3 cT2
0%

Spesd

cTs

speed 0% | speed 0% | speed 0% [/ sprea 0%
xw  00kw [lxw  ookw [lxw 00kw [ xw 00KW W 00KW

Spasd

KW 20 kW

0%

OE Watchdog BAS BAS Mode
25489 I 2549 ]
COMMFAIL
[ rosumgocsatponts |
Plant Tons CT kWiTon
0.2 Tons 0.000 kwiTon |
Plant kW/Ton CDWP kW/Ton
| 0.000 kwrTon 0.000 kwiTon |
Plant ki CHWP kW/Ton
r

100% | k[ 100 % |{|;| 100% | i:{;[ 100% |

b;: 100% | §

[ 100% |

j 475°F | _hj 47.3°F | 475°F | u-j 48.0°F |

j 283°F | U

4
[

Taa § % ) ) 4 5 |
2 SR, [ 5 gaumin
{ 3 - s
COWP1 | COWPS ) sTSP
KW
¢y

- Aval
{

4 - CDWP2 L 4
Speed 0% -
T | xw 0.0 kW |
= ¢ = 3
i
COWP3

CDWPS

CondApp -40°F Evapapp 07°F

Chifiar 5.1 - 4000 Ton C§ York
Disabis  FLA 3%
390°F Tons 0.0 Tone
0.0kW kWiTon 0.000 kWiTon

trus

———
Chifier 5.2 - 4000 Ton C§ York
Disabla  FLA 2%

v copamm |
kW 00kW  KW/Ton 0.000 kKW/Ton|
G CondApp 07°F  EvapApp 78°F

0.0 gabmin | ss
TSP
W

Aval

CondApp 0.0°F

s
Chiller 5.3 - 5000 Ton VS York
Dlsabk  FLA 0%

O0°F  Tons  00T0E | [gggaimin |
00KW  KW/Ton 0.000 KWiTon

Evapapp 00°F

faise

KW

SOUTH LOCP
NC. ol SUPPLY
NORTH LOOP \WEST LOOP
SUPPLY SUPPLY

51.1°F -47.0 ga¥min |

[ 3360 gavmin | [ 75.0gavmin |

NORTH LOOP WEST LOOP
RETURN RETURN

Flow Balancing

Sum of HeadsT CHWFLOW | 362.0 gavmin
Sum of Chiller CHWFLOW 4.0 galmin
Sum of Towsr COWFLOW 4,857.0 gakmin
Sum of Chilisr COWFLOW 9.0 gaimin
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Step 6: CS3 - Flow Control (maximize CS Chiller output
while keeping CS6 at 12,500 tons)

Plant Tans

Plent kWiTon

Plant kW

OAT

1,542.0 gal/min| [ 39.7 °F

8,217.0 gal/min | [ 39.4 °F

Chiller 1

CH1SS
CH1STEP
kW

Tons

OFF CH1DMD
39.0 °F CH1IGV
0.0 kW kW/Ton

0.0 Tons

100 %
0%
0.0

Chiller 2

0.0 gal/min

F 8

CH2
cHo

S
H2STSP

OFF CH2DMD
42.0 °F CH2IGV
0.0 kW KW/Ton

0.0 Tons

y |
Chiller 3

CH28S
CH2STSP
kW

Tons

OFF CH2DMD
39.0 °F CH2IGV
0.0 kW KW/ Ton

0.0 Tons

CHWP1
Speed 0%
KN 3.0 kW

CHWP2
Speed 0%

KW 4.0 kw

CHWP3
Spead 0%
KW 4.0 kw

CHWP4
Speed 0%

KN 3.0kw

Spesd 0%
KW 3.0 kW

To Chilled Water Distribution System

=)  EastTunnel

CHW Supply

North Tunnel

East Tunnel

CHW Return

North Tunnel

BAS Mode
CLGREGD
LOOPREG

OEC Ready
OEWATCHDOG
BASWATCHDOG
COMMFAIL




@ The University of Texas at Austin

Step 7: Campus Chiller Shed (excess tons)

Tons

C
CH6.1

UT Austin Campus Chillers

Desired Max Tons  Excess Tons
4266.0 Tons

CH6.2

CHE.3

C
CH3.1
CH3.2
CH3.3

™

CH5.1
CH5.2
CH5.3

™

CH4.1
CH4.2
CH4.3

~
H

TES1

4549.0 Tons

Sum Excess Tons

56
53
0.0 Tons

0.0 Tons
0.0 Tons

0.0 Tons
0.0 Tons
0.0 Tons

0.0 Tons
0.0 Tons
0.0 Tons

0.0 Tons

0.0 Tons

i

.0 Tons
0.0 Tons
0.0 Tons

.0 Tons

2182

.0 Tons

0.0 Tons
0.0 Tons
0.0 Tons
0.0 Tons

0.0 Tons
0.0 Tons
0.0 Tons
0.0 Tons

0.0 Tons

- Max Tons (Non CS6)

CHW Flow

5,817.0 gal/ min

5,710.0 gal/ min
5,953.0 gal/ min

0.0 gal/ min
0.0 gal/ min
0.0 gal/ min

4.0 gal/ min
0.0 gal/ min
0.0 gal/ min

0.0 gal/ min
0.0 gal/ min
2.0 gal/ min

0.0 gal/ min

=

- Max Excess Tons (Non C56)

Availability

[ true |
[ tue |
[ true |
[ true |
[ true |
[ true |
[ tue |
BOP Only

:
g

= Shed Event Tons

g B2

-
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w
bt
i
-

39.5 °F

=
=]
2
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Buildings - reducing DP and temperatures

[mmmme [0.000 injwe | 04T [87.0°F ] os4 [ 52.6% | wereus TEW POINT [ ]
University of Texas at Austin BME Pumping

" To Chillad Water Py [ 438 Tons B &  ToHeatngHotWater 4

Building System Buiking System
[ t7ew  |[393/hr | 1AW Stotun
otsessy [Tona |
DP Setpoint

oPse 5.0
DPSPCE | sopu

Zoew Count| [Semaner] / | [EBroffset |
[ o } | oo |7 S:ALE"‘_' 0.0 HWST Setpoint
Y | [ Hesdt ] [ [TWST | aeawy |
l‘a."c.vs 7758 /1 — ADD [ | wwsToE [TamocF

Vo meal U Gleo]

From Chilled Water
Distributson System




The University of Texas at Austin WHAT STARTS HERE CHANGES THE WORLD

High delta T Syndrome?

» Prior to 2010 — Campus delta T used to average between 7.5
and 11.5 deg F with maximum flow requirement of 70,000
gpm (12 deg F delta T)

* CS5 and CS6 were installed with no low flow chilled water
bypass

e 2017 maximum flow requirement is 45,000 gpm (19.2 deg F
delta T)

e Chillers are going into minimum flow control (campus
pressures increase)

* Possible Solutions we are debating
* Increase chilled water set point from 39 deg F to 42 deg F

* Decrease minimum flow to 2 ft/sec in evaporators

23
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