Flipping Chilled Water Optimization: Train
Operators First
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CHILLED WATER PLANT OPTIMIZATION

Cooling Towers

CHW Pumps

Chillers

——

Chilled Water plant
optimization finds lowest
energy balance of all
components

Typically training occurs at end
of project

We recommend training first
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WHY TRAIN FIRST?
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REASON #1: MUST UNDERSTAND THE SYSTEM

« Most often simple issues keep system from working
properly, that can only be found through survey

« Tribal knowledge can be
key to success

« Training facilitates dialogue
between operators
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EXAMPLE: MIT SYSTEM BOTTLENECKS
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CLOGGED START-UP STRAINER
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READING PRESSURE GAUGES AT ELEVATION

NORMALIZE 48# TO BASEMENT
48# + (10'/ 2.31) = 52#

THEREFORE: PRESSURE DROP
FROM CHILLER OUTLET TO
STRAINER INLET IS:

52# - 40# = 12# PRESSURE DROP
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REASON #2: COMPLEX PLANTS PARTIAL AUTOMATION

 Many plants do not want full automation

 Especially plants
with mix of steam
and electric assets

e Steam turbine
chillers
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STEAM TURBINE CHILLERS
MIT: 5000 Ton York OM500 Princeton: 4500 Ton Carrier 17DA
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EXAMPLE: MIT COOLING TOWERS

* Uneven B N
cooling S
tower basin
levels
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™
www.smith-eng.com gENGlNEERlNG



http://www.smith-eng.com

REASON #3: GAIN OPERATOR’S TRUST AND ADDRESS
MISCONCEPTIONS

If operators do not trust the optimization, THEY WILL
OVERRIDE IT

There are common
misconceptions that
are counter to
principles of
optimization
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EXAMPLE: CW TEMPERATURE ON TRANE CHILLERS
PU CW Operation — CW Control Valve — CH-2

4

Guidelines for CenTraVac Chillers with Tracer
AdaptiView Controls

Operating Recommendations

All chillars requars a minimum pressurs Garanca Dotween the condenser and vapOrator LS
rafrigorant circults ta assurm peopar managament of oll and refrigerant, as well as harmetic motoe oy
coolng (when applicable)

Following are specific gusdulines far CenTraVac'™ condenser rufrigarant prassuse with Traces
AdaptiView controls

At startup ..

ot Prososan pea)

N0 NN Ewaprotaior

Chebat Operntieg Loud Perosnt

An optiona! signal s svallable from the chiller that can be used to maintain the 3 psig pressurs
differantisl. Orice the signst optan is chosen, thers s two ditferent control signed pathwoys
available for use. The first pathreay Is the direct oprion. In this casa, the segnal from thae chilier can
be set up 10 go directly 10 the bypass valve or variable speed drive (see “Direct Traoer AdagniView

The chiller should reach the required minimum pressure diffecential within 15 minutes of
startiog the chiller, This masns that the anturing conderssr waber can be vety cold st the start
(0., —A0°F-50°F). The chiller can startin an invertad mode whens the condansiar wating is ooldee
than the evaporator chilled water Tnmparaturs.

Running the chiller continuously for 30 minutes &t the reguired minimum refrigerant prassure
Giffernertial will assare that the ol etuens 10 the ol tank vie the o ecigim systam

The chiller can run steacdy state with very cold sntenng tower water, it is important to masntaen
# minimum 3 psid (20 7 tPaD) pressurs differential 92 shown in Figure 2. The 3 psd (20.7 D)
rimemur ot ol oads s nominally squivelent 1o # 15°F Sferantiol betwesn leaving dvilled water
temparatirs and leaving condenser water lemparature. For axemple, & chiller running a1 40°F
chilied water coulid Oparite With an arering condangss wates Iimparsturn balow SO'F, & lcag
25 the leaving condensar watar lamparatun is greater than o agual to S5 i you have chillers
with cidar controls, refer 1o pravious revisions of this bulletin for pressure differential
minsmums.

www.smith-eng.com
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Signal” p. B). The yecond pathwary w the indirac? apion. in this cass, 8 rew signal froen the chiller
& provided and an intermediate controlier must e wsed prior 10 te axtarmal Dypais vadve of
variable speed drive (see “Indirect Tracer AdaptiView Signal” p. 17}
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EXAMPLE: CHILLER SURGE

e Hesd l?fficiency Islands
Full Load Surge at Fart Load Surge -.‘:7._: oy’
Envelope P s
7/ /2y Pl & AN
v / 0% }1_ _— Speed Lines
/ [T Ay
Ways to get out of surge: =T

Flow(load)

1. Increase CW Flow : ,
Figure 3 : Centrifugal compressor map

2 Lower CWST Outlet Plpe Cooling water out Cooling water In
{Discharge) - >
3. Increase Evap Flow Compressor ] l
Housing I —
4. Raise CHWST (sometimes) g P
Expansion g ﬁ'de
—_— o Device Compressor o
- y
e
1 2 Low
Pressure
Inlet Pipe ] | Evaporator ] Side
(Suction) m—
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CHILLER FUNDAMENTALS

90F OA
70% RH

hrueeddi -, duale San
crost W lowes

COoOoL

42F
CcoLD dic WARM SM ITH
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CHILLER FUNDAMENTALS — APPROACH AND LIFT

Cond Approach = Cond
Refrig Temp - Leaving
CW Temp

97F-95F = 2F

Evap Approach = Leaving
CHW Temp -Evap Refrig
Temp

44F — 42F = 2F

Lift =

Cond Pressure — Evap
Pressure

e 118.3 - 36.6 = 81.7psig
VAPORIZATION }e_ Or

42°F SATURATED SUCTION TEMPERATURE (T} Co n d Tem p _ EV ap Tem p
. s 97F — 42F = 55F

*aMI

™™
NENGINEERING

www.smith-eng.com



http://www.smith-eng.com

EXAMPLE: MIT HAND VALVE OPTIMIZATION
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OPTIMIZATION - STEAM CHI' !V ED

All hand valves open: Inefficient 45,000

Steam Supply m =
Pressure ‘ " |

Murray KD6 Curve

All Hand Valves Open

Leaving all valves open

-
-~

Governor Valve

E = 71 Hand Valve Closed
& 35,000 L
: | POWER 2,500 W 5 i O o
HAND HAND HAND NAND SYEAM FLOW 31,875 L E ' - and Valves Clo — RPN 5 565
VALVE 1 VALVE 2 VALVE 3 VALVE 4 g

lves Closed

{IIT i

| S s cnpiiiigs supiit

All Hand Valves Closel

15,000
1,500 2,000 2,500 3,000 3,500 4,000
Power Output (HPF)
Nozzle Murray KD6 Curve
Turbine Blade
Pressure 9009,
One hand valve closed: Better 45000
210 paig All Hand Valves Open
40,000
25 .i_ 1 Hand Valve Closed
i N F 35000
., X L POWER 2500H° | g
HAND NAND | STEAMFLOW 28,584 Lhitw § 2 Hand Valves Closed AP 5,565
>

YAVE]L YAy VALVE 3 —
I I VALVE 4 P10 psig
—_— - Y

:‘k‘*‘;‘“— All Hand Valves Closed

wwwysmith-eng.com ) ) ))) ) ))) )= o T B

Powaer Output (HP)

Ives Closed
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OPTIMIZATION - STEAM CHILLER

Murray KD6 Curve

50,000
Two hand valves closed: Even Better
210 psyg : All Hand Valves Open .
T ‘ 40,000 /_,/-”
| T _,//1 Hand Valve Closed
28 _,/'
| POWER 2,500 HP 3 35,000
L N STEAMFLOW 28,105 Lty -
HAND HAND = AN e | 3 "2 Hand Valves Closed —APM: 5,865
VALVE1  VALVE HAND HAND E 30,000 —~
VALVE3  VALVE4 P 140 psig = -t
I -~
25.000 ‘,/
/’ 3 Hand Vijives Closed
<
20,000 ’/‘
:‘k‘k‘k‘k‘_ o All Hand Valves Clase

133D DD D D D ) L R e s

Power Output (HF)

Murray KD6 Curve

Three hand valves closed: Best 30,000
Over 3,500 Ib/hr reduction

45,000
All Hand Valves Open
210 psig ~
i g
40,000 o
T~ /1 Hand Valve Closed
4 3 /'
{ & 35,000 -
X POWER 2,500 W@ z >
HAND ' STEAMFLOW 27,550 Lo 2 i /.-/2 Hand Valves Closed e RPM - 5,855
VALVE 1 HAND HAND HAND 5 Y 7~
-

VALVE2 VALVE3  VALVE4 | ’ P por -
: ; 25,000 o
,,// 3 Hand Vdlves Closed
=

20000 2
Al Hand Valves Closed

. —
WWW.Smith-eng.com ) ) ) ) ) ) ) ) ) ) 15,000
1,500 2,000 2,500 3.000 3,500 4,000
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OPTIMIZATION - STEAM CHILLER

The hand valves cannot be used as throttling valves.
They should be either fully opened or fully closed. A valve
that is partly open will soon have a damaged seat due to
steam erosion. This condition is better known as “wire
drawing”. However, when putting the unit into opera-
tion, do not close a valve tightly until the turbine is up to
operating temperature and all parts are evenly heated.
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REASON #4: GET SAVINGS WITH PARTIAL OPTIMIZATION

. An operator I|Ii|"=-__-;- CUP Chilled Water Plant Operating
“Cheat Sheet” e "Cheat Sheet"

can o ft en g et Condenser Water Cooling Tower Cell Chilled Water Pump
Temperature Reset Staging Control
y O u h a'l f t h e Condenser Water Supply Run as many CT celis a3 possible down to
Temperature Setpoint minémum Tower Flow 1Pump | 2Pumes | 3 Pumps | 4 Pumgs
to full it A o e e
W ay O u y Wetbulb - - 1 Minimum CW GPM Per Cell Zrenve PN Range
%) it sseam Chitlor = L sombietolasiaca, I + T
= - “mmu 1 T T 1 (F 3T L TR 1w
O I”llze IF OA WE (F) s IF OA WS (F) ; ‘
™~ | Enpuon Free Coctrg (CWST 555 W F| | Tower greater than | s less than T SOW e e s e
a | mergacs ¢ rew Casry 25F s
| westamror | ) ] ) | l ) i 3% " v Purvm o o
w | [ | nr | c | 1 000 | I TIR14 LE1008 | 11 00622000) 22000 e
] ] L | ™ | 52T | 2 |
" 1 o ! m I a4
o ! L | = | (S AT | o { WP stapng 15 baesd or rormial CHWS uperydng déwsrits
0 " 0 S { e { 5290 15 (deperchng on pum sel)
= 1 = 1 & 1 = = ow LD T of 31 s0end ettt AraTier pUTE
4 ! | s
[ " m 1) Comthare muremvarn Pus by clsbirnrg i “dop soots” e
"m 1 n 1 n 1 n 10 g wetwr
W 1 > 1 " z 8¢ Jawers 1or n Bud® op 4 wirrler and cradae bow
n ) | [ |
1 = — ] Misc. Notes
L ! 8t ! L 1| Ve te Gt 0nt of Surae
| S— = L 1) Lowi tower LENSensar Wit Susply Temeer a0 Setpont
12) 10rmane Yom Teough chdier condendon
Sotes |5) Ingrmnse fow Yraugh chle orvROa M
15 Mawmum ferparaures ior steam dhbers tan be W
M0U0ed based O B0 SNQTENING TIEw
Steam T Hang Vales Seam rutine ctam band vilees 5h06id e “0pen” Or “clased’, nat tiromes
Taby “AQOMach™ MOSEDr B3P BN CONTENsar “I0070ahes” (Hasence Detwaen rQerant and laning s Somperatiren) shawkd o kas
e ) Jograms T more Hon Lubes soustd bo fouled (or siter issues

“Th sbove cosraing gaciuloms ww Sseen om & & syslern cpimzudcn skalegy rssng ssasicn paricrmed by Sl Esgresng n June 2017 The
AErvh GLASNETIS A0 DAt 08 & Curony redenk Sf I Shit SLasermnd, Curment CoNeabng srutighes Ard descrbe SOSd Dracion cERnINCn Shalegies
Thete e ot mewrd 10 bw taban & “Opetating raen”. and Soersion Must caw M sxpurence W souUDrmee! st cperaing LSgTere i3 Mmontior add s M

TH
W.Smith_enq.com cortrod Bve phat! accordeg o matimhited T 2peralog practioes. We aie avadatie 10 Updais e abowe shwef Based o operant fsedhiach S:ENG]NEER'NG 3
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REASON 5: OPERATOR INTERFACE MUST HAVE BUY-IN

1) Increase or decrease this (Plant DP Setpoint) in order to maintain the desired Camgus DP

The pump control sequence
Is designed to automatically
control the number of running
pumps and the speed that
the pumps run to:

Maintain the differential
pressure at the plant
wall, and

el _ o =
: e = P rinceton
R e e — (o= | University
Campus i B v ] s o
2) The controls system
B | I o > ____ calculates the optimal
- __} - number of pumss to run
a1 v ] ' <4 e ) iy :
—- oniid : to maximize pumping A.
— efficiency
_‘-""“""' - e ‘ ——
-- = "HW-Flow-Tot]
e 6905.8 gpm
—-@ —_—
“-- T I Pump-Efﬂc
g’ 85.8 %
= = B N N N wa——- —

Stage the number of
pumps running so that
the pumps are close as
possible to their best
efficiency point

: I E  EA
7hllalJ7Il¢ul h:b‘_\ﬁt-l_‘_nedAm‘)- L‘eni

3) Pumps 4,7,8 should be the first priority pumps to run.

the priority "0"

www.smith-eng.com
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When a pump is out of service, make

22
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REASON #6: POST OPTIMIZATION DRIFT

« Systems change over time. Operators must know how
to respond

 Getting operator buy-
In so that they see the
process and
understand, allows
them to
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EXAMPLE: PRINCETON PUMP STAGING
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PUMP PRINCIPLES

CTERSTICS Hasdon C

LARGE CAMPUS CHILLED WATER PUMP
Design Operation
350°Ft Flow x Head

| 35% Py AP = —3960x1

o I I . Flow: Campus dictates AT and thus
---------- -, flow

Head: Too many valves to poll to
perform DP reset; therefore
hydraulically remote DPT determines
pump head

Il can never be greater than
pump+motor+VFD BEP ~80%

SMITH
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TDH:
135’

Total FLOW:

7,863 GPM
N:
56%
Total kW:
375

26

It

TDH: 135’ FLOW: 2621 GPM I : 56%

BEEERUUENRNEEEEERNNE

TDH: 0’ FLOW: 0 GPM I'] 0%
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TDH: 133’ FLOW: 1965 GPM I : 76% 4 CHW TDH: 133’ FLOW: 1965 GPM I : 76%

-u-u- -

Pumps

TDH:
133’
Total FLOW:
7,863 GPM
N:

76%
Total KW.:
259
kW Reduction:
115

b 3 v-’v.'
-::::::':::z:::::“i.:miif-!il::!:l."

27
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CHW PUMP OPTIMIZATION

Campus TES CHW Distribution Pumps — (4) 400hp Pumps

Cx and
Pre-Optimization Operator Stable Optimized Operation
Training
Peak (kW) 609 350 215
Kwh Per day 7,701 4,583 2,525

|
e R T | w
1 l,ﬂ'-"l I"'"'. i -I".-‘I I"i"..' I""l"\'i"*"
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SUMMARY: WHY TRAIN FIRST?

S RNCTRE =R CUR

Must understand the system and capture tribal knowledge
Complex plants likely do not want full automation

Process must gain operator’s trust

Partial Optimization can be achieved with operator cheat sheet

Operator Interface must have operator buy-in and context
Optimization will drift if operators are not on board
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Thank You

This presentation is protected by US and International copyright laws. No part of this presentation or any documents or other written materials
contained herein may be reproduced, transmitted displayed or otherwise used in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without prior written permission of Smith Engineering PLLC.

© Smith Engineering PLLC 2017 All rights reserved
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