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Welcome

= \Welcome to the 5" Chilled Water Systems Virtual INPLT training series

= Eight, 2-1/2 hour webinars, focused on Industrial Process Cooling (Chilled
Water) Systems Energy Assessment and Optimization

= These webinars will help you gain a significant understanding of your
industrial process cooling system, undertake an energy assessment using a
systems approach, evaluate and quantify energy and cost-saving
opportunities using CWSAT and other US DOE tools and resources

= Thank you for your interest!
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Process Cooling Virtual INPLT Agenda (2022)

= Week 1 (June 2) — Industrial Chilled Water Systems Fundamentals

= Week 2 (June 9) — Review of Chilled Water System Scoping Tool; Efficiency Metrics & Calculations

= Week 3 (June 16) — IPLV; Additional Energy Efficiency Metrics; Instrumentation Gap Analysis; CWSAT
= Week 4 (June 23) — Using CWSAT to Build a Chilled Water Plant System Model

= Week 5 (June 30) — Using CWSAT to Quantify Energy Efficiency Opportunities

= Week 6 (July 7) — Using CWSAT to Quantify EEOs (contd); US DOE MEASUR, 3EPIlus, etc.

» Week 7 (July 14) — Case Studies; Refrigerants — Past, Present & Future; Reclamation and O&M

= Week 8 (July 21) — Industrial Process Cooling (Chilled water) System VINPLT Wrap-up Presentations
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Agenda — Session 5

* Welcome and Introductions
» Safety and Housekeeping
= Today’s Content:

= Review of Session 4 & Homework
= Energy Efficiency Opportunities in chilled water systems

= Quantifying Opportunities using CWSAT Better
= Kahoot Quiz Game hPlants’
= Q&A
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Safety and Housekeeping

Safety Moment

o As you trace chilled water supply and return headers to end-uses, watch for
hazards along the way — follow human traffic pathways as much as possible

o Wear hard hats to protect your head from bumping against headers

You are welcome to ask questions at any time during the webinar _~"

When you are not asking a question, please MUTE your mic and this
will provide the best sound quality for all participants

We will be recording all these webinars and by staying on-line and .
attending the meeting you are giving your consent to be recorded k_g

o Alink to the recorded webinars will be provided, afterwards
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Start CWSAT 3.0.1

% Version 3.0.1
[ Mame Status Date madified Type
OUTPUTDATA ® 842 AM File folder Description: Thiz program calculates the annual energy requirements of various chilled
Sample Weather Upload Files @ File folder water systems. It also evaluates the energy and cost savings that result when a variety of
User Manual @ File folder changes are made to the chilled water systerm.
USERCHILLER @ File folder
USERPROFILE @ File folder
WEATHER @ File folder
wal CWSAT 3.0.1 -] Application -
£ cwsat e Compressed (zip
: 5 Copyright by The University of Massachusetts Amherst 2013 All Rights Reserved
Continue

H Better U.S. DEPARTMENT OF
Toctter ENERGY



CWSAT INPUT Screenshots

» Geographic location

= System description Click the “OK”
= Heat rejection setup Button to
proceed to the
= Pump setups S next Input Sub-
= Chilled water block
= Condenser water (if applicable) /
= Chiller setup oK
= Default
= Custom
= Utility Cost

= QOperation Schedule & Load Profile

Better s DEPARTHENT OF

QPlants ENERGY



Sub-System Information

File  Tools

MO Saint Low @ i fescicieainar Caoing ke~ Hppl)

Water-Cooled

2Ll With 1-Speed Motors

Raial Fan Tipe

Currert Chiller Data

User Chiller 7 Compressor/Chiller Full Load Chiller Capacity
(Y#N) Type Ef Known? ftons]
Chiller 1

Oy @N -
Chiller 2
oY @®N v
Chiller 3
oY @ N v

Ne
24
Unrknown
73
95

Age
[Years]

Yes

85

Na
3
Unknawn

=
75

85

g
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Chiller Specification Methodology — Method 3

Please Input ARI Rating Data, @ )
Goto Input

Compressor Type : 'Ce_nt_fifl.lg«_al w | Screen
Chiller Capacity (Tons) :
kW Taon at % Loading
25% 063 50% 048]  75%| 051 100%| 0.65|

Graph Chiller Peformance | % Power Equation |'I DBEBEE"(X"3) +-0.8615372°(X"2) = DEETITI (%) + D.l

Chiller Name : |INF'LT_Test | | Save to Database I

Chiller Performance Chart
= [/ Ton vs. % Load

0.8

Available Chillers in
Database :

CentrifugalWaterCooled A,
GVG

GVGCENTRI

GVGTral

INPLT_Test
Mike_200ton_Centrifug,
R1

R2

UserChiller il

Delete Selected Chiller |

0.6

04

kVY / Ton

0.2

% Load

100

—

= Provide

Chiller
Name
and it will
now
show up
in the
database
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System Information

*= The electricity
_ utility rate is a very
3 e ) important number

&b

S —— | = For CWSAT —a
S [ - bundled cost
Py [P —————— 8 (annual average)
—_te | should be used
® = For more detailed
analysis, multiple
o bin models can be
developed

= Natural gas cost
can be ignored

File  Tools

| Centrfugal Yes LLE] 065 10
| Centrfugal Yes LLE] 065 10
| Helical Rotary Yes 350 075 10 (8 NaturRi¥s Cost:

[5/MMBtu]

ok | 1@

Better s DEPARTHENT OF

QPlants ENERGY



System Schematic

B System Schematic . O X
| Location: MO Saint Louis | | Caol Type: Water-Cooled | | Blec Cost: 0.1 Perk\Wh | | NG Cost: $6 Per MMBtu
Chillers | #1 - Centrifugal: 1000 Tons | | #2 - Centrifugal: 1000 Tons | | #1 - Helical Rotary:350 Tons |
| 0B5kW/TonFulload || 085kW/TonFulload |[ 0.75kW/Ton Ful load |

| Free Cooling: NO |

[ | | Chilled Water Pumps |
| J Condenser Water i [ CHW Pump Eficiency = /5% |
7N 5 @y Tower

Pumps

| CHW Motor Efficiency = 85% |

’ ‘ |CHW Pump Flow = 2.4 GPMfTon|

e ] | CHWT = 44F |
_ [Condenser Water Pumps |

il 11 N | CW Pump Efficiency = 75%

_ | CW Motor Efficiency = 85%

|
— |
[ [ CW Pump Flow = 3GPM/Ton_ |

| CWT=85F

Chilled Water
i JL g5 1 Pumps 2Cell With 1-Speed Motors
Chiller #3

Number of Towers: 1

Review

Fan Size: 75 hp

Cellz per Tower: 2

| |
| |
| Tower Size: 2000 Tons |
| |
| |

Load

| Retum To Previous Screen |

¥ Better U.S. DEPARTMENT OF
Plants ENERGY



Centrifugal Chillers Load Profile

= There are 2 centrifugal chillers that are operated in a manner such
that they are at similar load conditions all the time unless there is
maintenance activity on one of them

Loading Schedule Screen : VINPLT_Example

Provide the loading schedule for the chillenz). @

Chiler#  Compressor Type Capacity fonz]  Age [yrs]

Current Chiller
@|cmmfuga| || 1000 || 10 |

Loading Schedule
| Time at: [o%  [10%  [20m  [30% [40%  [50% [60%  [70%  [BOW  [90%  [100% [Total%
Load load  |Load load  |Load | Load Load | Load Load load  |Load Load
MM-:rrths .
Copy | | Paste [ 5 o [[o J[ o [w J[2 [[&@ J[2 [[15 J[ 0 [[ o |
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Output Screen (Baseline)

Output Screen : VINPLT_Example

L]
= All the major Cure sy
. Basic System Summary Water-Cooled Summary
inputs are shown b = |
CHWT Setpoint: Constant CWT Setpoint: H;‘;’gzn
h e re Geographic Location: & E n
Go To Curent cC
Condenser Cooling Method: Chiller Details )
Screen
= Annual energy Towr S wosmmer gy on oo || 8
. Type: | 2CelWih 1-Speed Motors | Vaniable Flow?: Tower Detas - D
Consumptlon #owers: Siang: Flow Rate [opmtori: : —
kWh Fan Mator HP: | 75 | Tons: | 2000 | Mater Size hp); III %&Egﬁ:&n _.(E
( ) Number of Cells per Tower: Pump Efficiency [%]: | Sereen 8
. Current Chiller Summary Motor Efficiency [} 85 85 | Hﬁ‘tl-sm to Input |
= Annual operating B L [—
Chiller 1 Chiller Energy: Export to File
Cost ($) [Cernfugal | [1000] [0 | [ose0]| [ 7485838 ] wwn [ smsser | |
Chiller 2 Graphic.
. | Centrfugal | [1000 | [ 10 | [0650]] = TowerEnery: e
= System graphic ue e [ | | e
|Helical Rotary | | 350 | [ 10 | [0780[] o rroe: :
|umpaﬁae;g§; | kwn [ saoem | | BREwee !
= Energy / Cost ®
ra h i C Total Energy: gahnmems
g p [ 8523463 |kwh [ sss2as6 | }
Better U.S. DEPARTMENT OF
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Chiller Operating Details Screen (Baseline)

Current Chiller Details Screen : VINPLT_Example.txt

0% load 10% Load 20% Load 30% Load 40% load 50% Load 60% Load 70% Load 20% Load 90% Load 100% Load Total @
Chiller 1; Centrifugal (Rated Capacity: 1000 tons)

W on]: 0.000 || 0.000 || o000 || oooo || o608 || 0591 || 0592 || o609 || 0638 || 0675 || 0000
Hours: 444 0 0 0 873 || 1754 || 1753 || 1746 || 1317 || 873 o || 8o |
Power kW] [ 0.0 0.0 0.0 00 || 2431 || 2956 || 3552 || 4264 || 5101 || 6073 || 00
Energy kWh: [ ¢ 0 0 0 ||212211](518474| 622681 744485 | [671.859|(530216|| 0 | | 3.299.925 |

Chiller 2: Centrifugal (Rated Capacity: 1000 tons)

kW.ien: 0.000 0.000 0.000 0.000 0.603 059 0.592 0.609 0.638 0.675 0.000
Hours: L 0 0 0 873 1,754 1.753 1,746 1317 373 0 | 4.760 |
Power W] 0.0 0.0 0.0 0o 2431 2356 3552 4264 510.1 6073 0.0
Energy [Whi: 0 0 0 0 212211 | | 518474 | | 622681 | [ 744,435 | (671,859 ( | 530216 0 | 3233925 |

Chiller 3: Helical Rotary (Rated Capacity: 350 tons)

kWaton]: 0.000 || 0000 || 0000 || 0932 || 0.000 || 0:820 || 0000 || 0000 || 0000 || 0000 || 0826
Hours: 2,634 0 0 2,627 0 2,626 0 0 0 0 873 | [ 8760 |
Power kWL [ 0.0 0.0 0.0 978 || 00 || 1434 || 00 0.0 0.0 00 || 2830
Energy kWhE | 0 0 ||257036|| o0 |[376682|| 0 0 0 0 ||252271| | s85388 |
Better U.S. DEPARTMENT OF
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Saving the Baseline Model file — MOST IMPORTANT!

Bt Save As Y
= Qutput Screen | -
4 <« Section 485 » CWSAT S v | 0 & Search CWSAT S|
Organize « Mew folder B o 9
Integrated Paper MName Status Date modified Type
Go To Cument i
|| e ot Navermmer 2121 =] Class_Demo @ 9/29/2021 5:26 PM Text Do
| Screen With HPs
Go To Current -
| Pump Details == Dropbox
| Screen
@ Cnelrive
| Retum to Input
=2 H This PC
Export to File - 3D Objects
B Deskiop
Show System 2
Graphic |5] Documents
| I S R el | >
Show Energy/’
| Cost Graphic File name: | | b
- Save as type: | ~|
A Hide Folders Save Cancel
Better U.S. DEPARTMENT OF
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Chiller System Optimization Objectives

* Reducing Operating Costs

* [mproving energy efficiency of the system

= Improving overall system reliability

* Implementing operational and maintenance BestPractices

= Retrofitting with state-of-the-art controls

= Avoiding costly and unplanned shutdowns

= Enhancing product quality ( ’

» Reducing electricity- related GHG emissions

H Better U.S. DEPARTMENT OF
‘ Plants 19 ENERGY



Typical Chiller Energy Management

= The current standard practice is to provide enough cooling
capacity to meet the needs of the facility while minimizing ton
hours

* This is achieved manually by operators or by a Building
Automation System (BAS) / Energy Management System (EMS)
with operator oversight

This Does Not Address the Enormous Potential Savings
Opportunity of Maximizing Chiller Efficiency!

EEEEEEEEEEEE
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Typical Chiller Energy Management

= Modern Energy Management Systems can easily do the
following:

= Collect chiller operating data

= Perform calculation blocks (such as kW/Ton)

= Sequence multiple chillers with auto on and off capability

= Control chiller and cooling tower set-points

* Notify plant personnel when limit alarms are exceeded

* Provide simple trending (e.g., chilled water temps, loads, etc.)
= Basic Fault Detection and Diagnostics (FD&D)

¥ Better U.S. DEPARTMENT OF
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3 Methods of Maximizing Chiller Plant Efficiency

= Preventive

= |dentify problems before they become expensive (cost avoidance)
» Maintain optimum chiller plant efficiency

= Restorative

= |dentify heat transfer problems (i.e. off-design water flow, fouling or scaling, etc.)
= Remove non-condensable gases
» Maintain proper refrigerant levels

= Opportunity
» |dentify optimal chilled water set points
Proper chiller sequencing and load balancing
Proper tower basin water management
Peak demand management
Condition-based maintenance versus scheduled preventive maintenance

U.S. DEPARTMENT OF
W Better
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Examples of Energy Efficiency Opportunities (EEQOs)

* [mplement Entering Condenser Water Temperature )
(ECWT) management -

= Optimize settings for Chilled Water Set-Point S
Temperature (ChWST) 2 v

= Eliminate refrigerant leaks - 8

= Maintain design water flow rates in evaporator / > :8) -
condenser o

= Remove non-condensable gases and moisture “

= Reclaim refrigerant

= |nsulate chilled water lines, tanks and end-users )

¥ Better U.S. DEPARTMENT OF
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Examples of Energy Efficiency Opportunities (EEQOs)

= Clean fouled and scaled evaporators A
* Clean fouled and scaled condensers

= Sequence multiple chillers to optimize efficiency

= Maintain compressor isentropic efficiency

» |nvestigate application of VFDs to pumps and fans
= Minimize compressor surging

* Improve drive efficiency

* Eliminate inappropriate uses of chilled water

~
Medium Cost
EEOs

Better s DEPARTHENT OF
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Examples of Energy Efficiency Opportunities (EEQOs)

= Apply VFDs to chillers )
* Investigate implementation of high-efficiency chillers
= Retrofit from air-cooled to water-cooled

» Undertake peak load management strategy
= Thermal Energy Storage

» Install water-side economizers (free cooling)
Evaluate process heat recovery & integration

Implement a smart real-time chilled water plant optimizer
= Artificial intelligence / Machine Learning based
= Continuous commissioning j

V
Higher Cost
EEOs

Better s DEPARTHENT OF
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ing EEOs using CWSAT Software

U.S. DEPARTMENT OF



Chilled Water System — CWSAT

Open CWSAT
Load the system model file

Review the Baseline
= Schematic
= Overall system energy and costs including sub-systems

Data Validation

= Can be done if actual energy numbers are available for the whole system and/or
sub-systems

= Aim to be within 10% of actual energy usage and costs

Better s DEPARTHENT OF
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Next Steps with CWSAT Baseline Model

= Several system optimization opportunities can be modeled using a
parametric “what-if’ scenario configuration

= CWSAT allows for the following (“Adjusted Model” or “New Input”):

= New Equipment Specification
= Chillers, Towers, Pumps

Variable Speed Drive Installation
= Centrifugal Chillers, Tower Fans, & Pumps

Various Chilled and Condenser Water Strategies
Air-cooled to Water-cooled system conversion
Using Free Cooling, when possible

Sequencing chillers

Better s DEPARTHENT OF
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Operating Cost Reduction Screen

Operating Cost Reduction Opportunities Screen

. . The operating cost for the chilled water system can be reduced by altering various system parameters.
[ | A k b t t | I Itis generally recommended that each measure be applied alone to gage the relative benefits of each.
S S aSIC ueS IonS O a OW Then, multiple measures can be applied to determine the total savings.
Potential savings opportunities include: @

th e fa Ci I ity to u n d e rSta n d g a pS Increase Chilled Water Temperature Setpoint

Increase CHWT? [No

Decrease Condenser Cooling Water Supply Temperature
Decrease CWT? [No  +

u An a I yze ene rg y conse rvati on Use Sliding Condenser Water Temperature

O pti O n S S i m p Iy by m O d ifyi n g A:pl;«";g!a::]le:;;;d ;untml to Chilled anq.f.or andenser Water Pump(s)
one or more of the system N i i i

Replace Chiller(s)

inputs i ottt

Upgrade Cooling Tower Fan Speed Control
Upgrade Fan Control ? Mo ~|

Use Free Cooling when Possible

= This feature allows e o
combinatorial “What-If?” o et R

e

I Install a VSD on each Centrifugal Compressor Motor
ana yseS Number of centrfugal chiers: install VSDs? [No |

Go Back to Go To New ;
Output Input Screen Help Exit Program

U.S. DEPARTMENT OF
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“Adjusted Model” or “New Input” Screen

= This allows the user to make
very specific and targeted o - B
modifications so that the exact == ———
quantification of the energy e i o -
conservation opportunities can -
be done o .
= Multiple inputs and “What-If?” T R S e e
scenarios can be modeled
. seroens | [regmas || mmoren || carem

WMBetter o us e on

«Piants ENERGY



New Equipment Specification

= Within the Adjusted Model “NEW INPUT” Screen
= Specify New Chillers

= Optimize sizing
= Optimize efficiency
= Raise chilled water supply temperature

= Specify New Cooling Tower(s)
» Specify larger unit(s)
» |nstall two-speed fans or variable speed drive-controlled fan motor(s)
= Specify new condenser water control strategies

= Specify New Pumps
= Lower kW
= Lower Liters per second / kKW
= Variable speed drives

¥ Better U.S. DEPARTMENT OF
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Opening a SAVED file in CWSAT

Input Screen

B Go to the Folder, where the Example Chiller Plant
S q @ file is saved and select the Text File to be opened

¥ Open x
1+ » ThisPC » Documents > SouthAfrica » Task1 » 2Day Training » Section 485 v [4] /' Search Section 485

Organize *  New folder

A Name Status Date modified Type Size

s Quick access

Wty ] Classxample. @ 5/23/20217:29 Text Document 9K
ClassExample_AirCooled @ Text Docurrient 5KB

& Downloads ClassExample_CWST @ Text Document 9kE
5 pocuments | ClassExample ECWT °] Text Document 9k
& Pictures ] Classtxample WaterCooled °] Text Document SKB

2 Day Training

Admin

Section 485

VINPLT_ 0321

3% Dropbox
& OneDrive
[ This PC

¥ Network b
File name: | (T PEEIERY | [TextFies (e v
o] [ oo

U.S. DEPARTMENT OF
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Output Screen (Baseline)

Qutput Screen : VINPLT_Example

= All the major inputs are e ey

Basic System Summary Water-Cooled Summary
shown here ber o i Conrt VT? i
CHWT Setpoint: Constant CWT Setpoint: H;{:ge:m
Geographic Location: & :
Condenser Cooling Method: %i&im
. creen

= Annual energy consumption T

Type: | 2LCell With 1-Speed Motors | Variable Flow?: Tower Details

(kWh) HTowers: Sizing: Flow Rate [gpm/ton]: -— : i

Fan Motor HP: | 75 | Tons: | 2000 | Mator Size (hpl: 25 %Ou;—:g;r:g .
Number of Cells per Tower: Pump Efficiency [“]: 75 | 73 | Sereen
. Currert Chiller Summary Mator Efficiency [%]: | HE—‘tLSITI'ITO Input |
; Creen
= Annual operating cost ($) Compss R (1 iy S S |
Chiller 1 Chiller Energy: Export to File
[ Centrfugal | [1000] [ 10 | [0.650] | 7485833 | kwh [ smses | oS |
Chiller 2 | Graphic
. | Centiugal | [1000| [ 10 | [0650] | TowerEnemy: |
[ | S t g ph Chiller 3 [ 138817 |wwh | 13882 | | Cost Graphi
yS em ra IC |Helical Rotary | | 350 | | 10 | [0780] o e
SRR Exit Program |
[ 898807 |kwh | ss3gsr | ! ®
Total Energy: 83:1121;?5

= Energy / Cost graphic [ s | o [

Better U.S. DEPARTMENT OF
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Condenser Water Temperature (ECWT) Management
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Implement ECWT Management

ECWT — Entering Condenser Water Temperature

»= Cooling Tower Approach

» The approach is the difference in temperature between the cooled-water
temperature and the air “wet bulb temperature”

Wet Bulb

= Wet bulb temperature is the lowest temperature that can be reached by the
evaporation of water only

» |tis determined by the atmospheric pressure, ambient temperature and relative
humidity

Better s DEPARTHENT OF
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Remember Lift!

Saturated Condensing Temperature

LI_ Y 97°F
EO Heat of Condensation 95° F
O

I
AN
ﬂ- 85°F

| Lift

N 54°F
o

I
=
j Heat of Vaporization cali

v

il Saturated Suction Temperature

# Better U.S. DEPARTMENT OF
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ECWT Management

0317 T . ECWT @ 70°F - 0.470 kW/ton | s ™
Sweetspot 0.8 b .l.',-' ! 33% Increase in Efficiency -"i PR O 45
1 AN s e BaA L H : : TN =0 80
KW/ton S 0.7 W LS ', J“ il ! i <o i BTSN 017 G dma i m
& \! | ' “*l : ld " * 4}7 :l; ‘ ' L ¢ ,31 A _""- ! 35 30 M
%load == 3 06{ "L 0 A 1.8 kB ALY U 5 L PR IR 1 75 §
BOWT —— % |1 Yall T T ey | 1] (EPUPEEMN TlA R1 T
051" "'k ' ) ' " OM A *1 i ." [T M i
. . . . 1IN WY 1".:\-. APV V! (25 L
04 ‘I ECWT @ BD"F;—- 0.700 kW /ton S i : 120
80°F ECWT drops to 70°F ECWT
kW/ton drops from 0.7 to 0.47 (33% improvement)
Questions: Can it be achieved? At what cost?

Plants



Implement ECWT Management

0.6

0.55

o
(o)

0.45

Chiller Performance (kW/RT)
o
'S

0.35

0.3
60 65 70 75 80 85 90

Entering Condenser Water Temperature (°F)

U.S. DEPARTMENT OF
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Student Exercise

» The industrial plant engineer recently completed a chilled water system audit and
found that the cooling tower water supply temperature was fixed at 85°F.

= They wanted to determine if there would be a benefit to let the cooling tower water
supply temperature be reduced by 2°F.

» Use the CWSAT model to determine how much system energy could be saved if the
plant was able to reduce the cooling tower supply temperature by 2°F.

» Additionally, determine the energy and cost savings if the cooling tower water be
allowed to float automatically based on the ambient conditions

» Discuss concerns and issues with the chosen option and what steps can be taken to
mitigate them

Better s DEPARTHENT OF
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Student Exercise (Reduce Entering Condenser Water Temperature)

\

The operating cost for the chilled water system can be reduced by altering various system parameters.

Itis generally recommended that each measure be applied alone to gage the relative benefits of each.

Then, multiple measures can be applied to determine the total savings.

Potential savings opportunities include; @

Increase Chilled Water Temperature Setpoint
Increase CHWT? [No v/

Decrease Condenser Cooling Water Supply Temperature
Decrease CWT? |Yes =~ | Cument Temperature 2F  Proposed Temperature? | 83 ~| =
Use Sliding Condenser Water Temperature
Cannot be used when Decreasing Condenser Water Supply Temperature |

Apply Vanable Speed Control to Chilled and/or Condenser Water Pump(s)
Apply VSD1o CHW Pump? [No  ~|  Apply VSDto CW Pump? [y,

Replace Chiller(s)
Replace Chiller(s)? .Ho v

Upgrade Cooling Tower Fan Speed Control
Upgrade Fan Control? .No ~

Use Free Cooling when Possible

Implement free cooling? No -
Replace Chiller Refrigerant
Change Refrigerants? | No b4

Install a VSD on each Centnifugal Compressor Motor
Number of certrifugal chilers: | 2 | Install WSDs? [Mo ]

g

Better
Plants
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Student Exercise (Reduce Entering Condenser Water Temperature)

MO Saint Louis

> i D

Water-Cooled

2Cal Wik 1-Speed Moiors i o
24 3
1
- 20 25
Twerb Tons 2000
75 75
Axial =i A
| 85 85
Proposed Chiller Data
Energy Cost Data
User Chiller Ful Load  Chiler Capacity FLE Value Age
. (1/N) Compressor Type Eff Known? ftons] kKW.aon] [Years]
= Electricity Cost:
Centrifugal Yes 1008 B.65 10 0.100
[$/<\Wh]
| [ Centrfugal Yes 1006 .65 10
Helical Rotary Yes kL) 075 10 Matural Gas Cost:
.00
[5/MMBtu]
H Better U.S. DEPARTMENT OF
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Student Exercise (Reduce Entering Condenser Water Temperature)

| Dutput Screen : VINPLT Example ! Mew Output Screen : VINPLT Example *
— .
Cument Chiller System Cument Chiller System
Basic System Summary Water-Cooled Summary Basic System Summarny Water-Cooled Summary
Mumber of Chillers: Constart CWT?: Yes Oper?i:n-goﬂost Number of Chillers: Constant CWT?: Yes Retum to New
: Input Screen
CHWT Setpoirt: [ m Constant CWT Setpoirt: s e CHWT Setpoint: Constant CWT Setpaint: 83 =
Geographic Location: MO Saint Louis Geographic Location: MO Saint Louis Go To
Go To Cumert Proposed
Condenser Cooling Method: | Water-Cooled Chiller Details Condenser Cooling Method: | Water-Cooled g—,m; Dietails
Secreen
| Screen
Tower Summary Pumnp Summary CHW oW i Tower Summary Pump Summary CHW oW
Go To Cument
Type: | 2Cel With 1Speed Motors | Variable Flow?: e Dol Type: | 2Cel With 1-Speed Motors | Variable Flow?: Pg‘;;‘; .

HTowers: Sizing: Aow Rate [gpm.ton]: 24 HTowers: Sizing: Aow Rate [opm/ton]: TowserDetails

Fan Motor HP: | 75 | Tons: [ 2000 |  Motor Size (o) 2 | = ||([@& Fan Motor HP: | 60 | Tons: [ 2000 |  Motor Size fp) 20 25 .
Mumber of Cells per Tower: Pump Efficiency [%]: 75 | 75 | i, Mumber of Cells per Tower: Pump Efficiency [%]; 75 | 75 | Proposed

Pump Detail
Currert Chiller Summary Mator Efficiency [4]: HE—‘tLéIT‘I to Input Currert Chiller Summary Mator Efficiency [%]: 85 I-“-,SH‘D::1'eenaIs

creen
Capacity  Age FLE 1 1 Capacity  Age FLE

Compressor Energy Summary Compressor Energy Summary
Chiler 1 fons} el [kWidon] Chiller Energy: ort to File Chiller 1 ftons] el Betidoal Chiller Enengy: %g‘agﬁim
[ Centiiugal | [1000] [ 10 | [0es0] [ 7485838 |kwh | s7msss | o | [ Certiiugal | [1000] [ 10 | [0g50| | 7417338 |kwh | smi74 |
Chiller 2 Graphic Chiller 2 Show Eneray/
[ Centfugal | [1000] [ 10 | [0650]  TowerEnemy: S [ Certifugal | [1000] [ 10 | [0650]  TowerEnergy: LA
Chiller 3 [ 138317 |wwh | s13882 | e G,apeﬁz Chiller 3 [ 150247 |kwh | $15025 | [ Show Savings
|Helical Rotary | | 350 | [ 10 | [o7s0] o o C |Helical Rotary | | 350 | [ 10 | [o7s0] o "o Summary

| Exit Program |
e on [ [ e -

Total Enengy: o mients otal Enengy:
| 8523463 | kwh [ ses2346 | 2 G 8466332 | kWh | sma.aE.D

Better U.S. DEPARTMENT OF
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Student Exercise (Reduce Entering Condenser Water Temperature)

8! Energy and Cost Savings 25 X
ary Screen : VINPLT_Example Energy (Equivalent kWh) Cost (%)
| 3,000,000 $800.000 -
Electricity Matural Gaz [ 7,485,833 5748584 5741 734
Savings Savings Cost Savings | 741,238
[kWh] [MMBtu] |
Cher Sy | somaooy seneo)
Tower Summary: -11.430 (%1,143)
Pump Summary: [ 0| 4,000,000 | $400,000
Total: 57.071
i 2,000,000 $200.000
S;\:‘ijn:s R
Summary Savings 898,807 898,807 589,881 583,881
5 Graphic @ [ I i I B
138,817 150,247 513.882 515025
: ) | 0 | | = %0 | | =
Current Current
Il Current Chiller B Current Pump B Current Tower E Current Chiller EEE Current Pump BB Current Tower
Note: Part of the chiller s Proposed
. I Froposed Chiller W Proposed Pump Proposed Tower I Proposed Chiller W88 Proposed Pump Froposed Tower
savings get offset by extra
H H Energy Totals Cost Totals | |
COOl I n g toWe r O pe ratl n g Cument Energy Wh): 8523 463 Curent Cost (8): 3057 46 Hglum to
utput
Proposed Energy (k'Whj: 8465352 Proposed Cost (S): $046 539
CO StS Savings kWh}: 57.071 Savings (8): 85,707

U.S. DEPARTMENT OF
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ECWT Management

= Can the plant continue to reduce the entering condenser water
temperature further?

» |s there is an OPTIMUM cooling tower water temperature?
= What is the optimum temperature dependent on?

= CWSAT can be used iteratively to determine if such an optimum
does exist and where

EEEEEEEEEEEE
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Optimal Entering Condenser Water Temperature Setpoint

80,000

60,000 —O—Tower Savings

—@— Chiller Savings

—@— Net Savings
40,000

20,000

Operating Cost Savings ($)

-20,000

-40,000
60.0 65.0 70.0 75.0 80.0 85.0 90.0

Condenser Water Entering Temperature (°F)

Constant Condenser Water Flow Rate; Same Load/Load Profile
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ECWT Management

= Another control strategy for controlling ECWT is by managing
(fixing / floating) approach to wet-bulb

= This will automatically float the ECWT based on the ambient conditions
» |s there is an OPTIMUM approach to wet-bulb temperature?
» \What factors determine this optimum approach temperature?

= CWSAT can be used iteratively to determine if such an optimum
does exist and where

EEEEEEEEEEEE
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Student Exercise (Floating Entering Condenser Water Temperature)

Cument Chiller System
Basic System Summary

* There are 2 separate analysis that S 3

Op F?Et;mLOCost
will be required to determine the TS = e
Geographic Location: MO Saint Louis
L]
O ptl m u m Condenser Cooling Method: %zig-re:;gc:et:;:
Tower Summary Pump Summary

cw

CHW
Type: | 2Cel With 1-Speed Motors | Varisble Flow?: e et
HTowers: Sizing: Fow Rate [gpm/on]: B i -

m 1St St p — p T ff. d Fan Mator HP: | 75 |Tor15: | 2000 | Mator Size {hp): III C;:;ogurrel;'ﬂ
ep — comparison of fixe ] o

ECWT with varying ECWT (but with i R et gt
a fixed wet-bulb approach) B |

S‘hoew g;,"stem

Chiler 2 Ll

[ Contrfugal | [1000] [ 10 | [0650]  Tower Energy: e
| 70631 [kWh [ 70638 | | CostGraphic

Chiller 3
[Hefical Retary| [ 350 | [ 10 | [0750]

u 2nd Step - Vary the WGt'bUlb |Pmp&inai$ | kwh | ssssel | Eﬂt%mm
approach temperature to determine i o
optimum

[ eastem | wwn [ semam | O™
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Student Exercise (Floating Entering Condenser Water Temperature)

Operating Cost Reduction Opportunities Screen
The operating cost for the chilled water system can be reduced by altering various system parameters.

St . u ltis generally recommended that each measure be applied alone to gage the relative benefits of each.
1 Step — Com parlson Of flxed Then, multiple measures can be applied to determine the total savings.

Potential savings opporunities include: @

E CWT \Y; | { h va ry| N g E CVVT ( b ut Increase Chilled Water Temperature Setpoint

Increase CHWT? [No

With a fi Xe d Wet- b u I b a p p ro a Ch ) Decrease Condenser Cooling Water Supply Temperature

Cannot be used with Sliding Condenser Water Temperature

Use Sliding Condenser Water Temperature P Proposed
Use Slding Temperature? |Yes | CWT follows ambient wet-bulb plus III s g o - =

u U Se B aS e M Od el Apply Vanable Speed Control to Chilled and/or Condenser Water Pump(s)

fpply VSDto CHW Pump? |No  ~|  APRIY VD1 CW Pump? fp o |

Replace Chiller(s)
Replace Chillers)? [Na

= Turn on “Use Sliding Condenser e ————
Water Tem peratu re” Upgrade Fan Control? [Na +

Use Free Cooling when Possible

Implement free cooling? |[No

Replace Chiller Refrigerant

Change Refiigerants? | No v
u S et Ap p roa C h tO 6 ° F Instgall agVS‘:nD 0: each Centinfugal Compressor Motor

Number of centrifugal chillers: Install VSDs? [Na  + |

U.S. DEPARTMENT OF
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Student Exercise (Floating Entering Condenser Water Temperature)

Chiller Summanry:
Tower Summary:

Pump Summary;

Total:

Electricity
Savings
[Wh]

630

416,282

239,797

i
. b

Hide
Savings
Summary

Screen

Matural Gas
Savings
[MMBtu]

Show
Savings
Graphic

Cost Savings

bG8
{341,688)

523,980

s Energy and Cost Savings

Energy (Equivalent kKWh)
8.000.0001, o5 35
6.829.160

6.000.000 1

4,000,000

2.000.000

898,807 898807
555,699
I ‘ 138,817
D | | |
Current

I Current Chiller B Current Pump B8 Current Tower

N Froposed Chiller

Energy Totals
Current Energy (kWh):

Proposed Energy (kWh:
Savings (kKWh):

Proposed

% Proposed Pump Proposed Tower

8523463
8,283,666
239,797

Cost (3)
$800.000+ o oo
2682916

$600,000 1

$400,000 1

$200,000

$83,881 583,881
55570
I 13882
$0 —

Current

B Current Chiller B Current Pump B8 Current Tower

B Proposed Chiller B Proposed Pump

Cost Totals
Curment Cost (5

Proposed Cost (S):
Savings ()

Proposed
Proposed Taower
$852,346 Retum to
COutput
5828367
523.580

Better
& Plants
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Student Exercise (Floating Condenser Water Temperature Setpoint)

Current Chiller System

= Create a new base o e S R =
mOdel With ECWT CHWT Setpaint: : °"§"§:§:§£§’“

- (o] Geographic Location: Following Difference: [
fo I I OWI n g 6 F a p p roa C h Condenser Cooling Method:

to Wet_bulb ower summary | Ump summary |ﬁ| il

Type: | 2-Cell With 1-5peed Motors Variable Flow?: Tower Details

HTowers: Sizing: How Rate [gpm./ton]: L Hes 1
Fan Motor HP: | 75 | Tons: | 2000 | Mator Size hp): III %ﬂn-_l'—: g;r:l?
. Number of Cells per Tower: Pump Efficiency [%]: foss
u D O a p a ra m et rl C Cument Chiller Summary Mator Efficiency [%]: Retum to Input

Screen
Capacity  Age FLE
Compressor tonsl  Byears] KkWaon] Energy Summary E

analysis by changing o ey [ Emtiaf

| Centifugal | [1000| [ 10 | [oes0| | 6329160 | kwh | $682916 |

the approaCh to Wet- |G2":r"rdn2'fugal | [1000| | 10 | [0850] | Tower Energy: Shg;mm
bulb in the energy o e e ] (G
efficiency opportunity i

QOuttemp
| 8422592 | kwh | ssdz2me |

Better U.S. DEPARTMENT OF
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Eliminate Refrigerant Stacking

» Refrigerant stacking is an abnormal accumulation of refrigerant in the
condenser
= Common causes
= Decrease in the differential pressure or “lift” between the condenser and the evaporator

= Reduced pressure drop prevents the refrigerant from flowing back to the evaporator to
complete the refrigerant cycle

» Too low ECWT for the part load of the chiller

= Refrigerant stacking impacts heat transfer efficiency in both the evaporator
and condenser

= Higher kW/Ton and energy costs
» |Leads to reduced compressor capacity
= May Cause:

= Chiller surging or stalling
= Shut down on low refrigerant temperature/pressure

¥ Better U.S. DEPARTMENT OF
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Refrigerant Stacking

Sweetspot

kWiton
% Load — —
ECW] s

kW/ton

Evaporator
Refrig
Approach
Temp

Water

Refrig
Design -

0.500 {:
0.475 |
0.450 |’
0425 |
0.400 - ;

0.325 -

Fahrenheit
w
~
wn

1i AANSAAAL A f“‘-«"‘\;,\/-\ﬁi/. =4

90
180

- 60

50

-71

r73

72

ImO3

-70

S—h A : e P
. \'"‘_?"/."Ffif\,/\\’“"{'v( :

AN

M Better
Plants
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Refrigerant Stacking

Evap Restricted Water
Flow

Evap Fouled/Scaled

Evap Low Refrig Level

Evap Water Flow high

Evap Refrig Approach
Temp High

09:26:49.034

How do you eliminate stacking?

Raise
ECWT

Better
Plants
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ng Chilled Water Set-Point (ChWST)
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Optimize Settings for ChWST

ChWST - Chilled Water Supply Temperature

Approach

» The Refrigerant Approach Temperature is the difference in temperature between the chilled-water
supply temperature and the refrigerant saturated temperature in the evaporator

= |t provides the driving force to transfer the heat from the water to the refrigerant

Tell-tale signs for sub-optimal operations in chiller plants
= Lower chilled water return temperature than design
= High chilled water bypass flows
= Chilled water flow control valves throttled at end-users

Will also allow for better load control and optimal number of chiller operation

= Required cooling controlled by chilled water flow bypass
= Alternate methodology — variable pumping

U.S. DEPARTMENT OF
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Remember Lift!

Saturated Condensing Temperature

LI_ Y 97°F
EO Heat of Condensation 95° F
O

I
AN
ﬂ- 85°F

| Lift

N 54°F
o

I
=
j Heat of Vaporization cali

v

il Saturated Suction Temperature

# Better U.S. DEPARTMENT OF
Plants ENERGY



Chiller Plant Efficiency and Chilled Water Set-Point

=
-
o
s
=
[}
o
=
(5]
€
S
O
Y
S
()
a
S
2
=
o

0.4

o
[
o

40 41 42 43 44 45 46 47
Chilled Water Supply Temperature (°F)
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Student Exercise

= The industrial plant engineer recently completed a chilled water system audit
and found that the chilled water supply temperature was fixed at 44°F.

= They wanted to determine if there would be a benefit to let the chilled water
supply temperature be increased by 1°F.

= Use the CWSAT model to determine how much system energy could be

saved if the plant was able to increase the chilled water supply temperature
by 1°F.

= Discuss concerns and issues with the chosen option and what steps can be
taken to mitigate them

Better s DEPARTHENT OF

Plants ENERGY



Student Exercise (Increase Chilled Water Supply Temperature)

Operating Cost Reduction Opportunities Screen

The operating cost for the chilled water system can be reduced by altering various system parameters.

Itis generally recommended that each measure be applied alone to gage the relative benefits of each.

Then, multiple measures can be applied to determine the total savings.

Potential savings opporunities include: @

Increase Chilled Water Temperature Setpoint

Increase CHWT? |Yes =~ Cument Temperature F  Proposed Temperature? | 45 | o
/ Decrease Condenser Cooling Water Supply Temperature

Decrease CWT? :No ~

Use Sliding Condenser Water Temperature
Use Sliding Temperature? | No : |

Apply Variable Speed Control to Chilled and/or Condenser Water Pump(s)
Apply V5D to CHW Pump? [No  ~|  AoplyVSDta CW Pump? [, |

Replace Chiller(s)
Replace Chiller(s)? '_No W

N OT E : T h i S Upgrade Cooling Tomr Fan Speed Control

Upgrade Fan Control 7 .No ~

O p po rtu n ity d OeS n Ot Use Free Cooling when Possible
change the chilled e Chil i

Change Refiigerants? | No ~

Wate r fl OW rate Install a VSD on each Centrifugal Compressor Motor
Mumber of centrifugal chillers: Install VSDs? No |

U.S. DEPARTMENT OF
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Student Exercise (Increase Chilled Water Supply Temperature)

Mew Input Screen : VINPLT_Example

MO Saint Louis

Tes
- a5
/ hilled Water Supply Tempersture: |55
sondenser Cooling Method: |WaterCooled
20l Wik 1-Speed Moiors i ko
24 3
1
_ 20 25
wer b Tens 2000
h (5]
Azl
85 85

Proposed Chiller Data

Energy Cost Data
User Chiller 7 Full Load Chiller Capacity FLE Value Age
N Compressor Type EFf Known? ftons] W Aon] [Years]
2 Blectricity Cost:
Centrifugsl Yes 008 365 10 0.100
[$/kWh]
| |Centrifugal Yes 1008 D65 10
Helical Hotary Vg 159 075 10 Matural Gas Cost:
6.00
[8/MMBtu]

U.S. DEPARTMENT OF
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Student Exercise (Increase Chilled Water Supply Temperature)

s a | e (TE i
!
Current Chiller System Current Chiller System i
| Basic System Summary Water-Cooled Summary Basic System Summany Water-Cooled Summary |
Number of Chillers: Constart CWT?: Opert::n?ﬂost Mumber of Chillers: Constant CWT?: Yes Hitimita Nev
] Input Screen
| CHWT Setpoint: [ u Constant CWT Setpoint: ew CHWT Setpoirt: Constant CWT Setpoint: 85 o
\  Geographic Location: MO Saint Louis Geographic Location: MO Saint Louis | GoTo
Go To Cumert B ad
Condenser Cooling Methed: | Water-Cooled Chiller Details Condenser Cooling Methed: | Water-Cooled Chﬂfgfgiqaﬂs
Screen Soreen
Tower Summary Pump Summary CHW W 2 .G e Tower Summary Pump Summary CHW cw - )
o To
Type: | 2Cel With 1-Speed Motors | Variable Flow?: Towar Details Type: | 2Cell With 1-Spesd Motors | Variable Flow?: ng;"ed

l HTowers: Sizing: Flow Rate [apm.ton]: 24 j : HTowers: Sizing: Taons Flow Rate [gpmAon]: 3 Toh;g-e[;‘tails
Fan Motor HP: | 75 | Tons: | 2000 Motor Size hp): III | 2 | %3;-; Suarr:u:t Fan Mator HP; | &0 | Tons: | 2000 | Metor Size dp); 20 25 v
Mumber of Cells per Tower: Pump Efficiency [%]: il il Number of Cells per Tower: Fump Efficiency [%]: 75 | 75 | Proposed
o P Detail
Current Chiller Summary Metor Efficiency [4] Retum ta Input Current Chiller Summary Mator Efficiency [%]: | urgfweena :

I

Screen
Capacity  Age FLE Capacity  Age FLE
Compressor Energy Summary Compressor Energy Summary
G fomt ™ beal Wlitonl | | Export to File — borzl. Boan]l Wdonl | | ey S"g‘;ﬁﬁe’"
[ Cortrfugal | [1000] [ 10 | [0s50] | 7485839 | kwh | s7esm4 | Sow s | | Cemfugal | [1000] [ 10 | [0s50] | 7404067 | kwh | s740407 |
Chiller 2 Graphic Chiller 2 | Show Energy/
| Centofugal | [1000] | 10 | [0.650]  Tower Energy: BT [ Certrfugal | [1000] [ 10 | [0650]  TowerEnemy: | Cost Graphic
|| - céa3 [ 18817 | kWh [ s13882 | | CostGraphe Chiler 3 [ 110909 | kWh [ $11.090 | [ Show Savings

[Helical Rotary| | 350 | | 10 | [0.750] o Bt | lﬁc.ﬂ Retay| [ 350 | [ 10 | [0.750] A B 5;2;1;?

| 838807 | kwh | sssssl | @ | 888807 | kwh | ssass1 | @

Total Energy: Comments Total Energy:

Quitemp |

| 8523463 | kwh | 852346 | 8413783 | kWh | s841378 |
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Student Exercise (Increase Chilled Water Supply Temperature)

Savings Summary Screen : VINPLT Exarnple

Blectricity Matural Gas
Savings Savings
kWh] [MMBtu]

Chiller Summary: 81,773
Tower Summary: 27507

Pump Summary:

Tatal:

Savings on both — Chiller & Tower

Cost Savings

38,177
52,791

s Energy and Cost Savings

Energy (Equivalent kWh)

8.000.000 7 485,839
T.ADR.067
6.000.000 4
4.000.000
2,000,000+
898.207 B58.807
I 138,817 110.909
fi] ]

Current
I Current Chiller HEE Current Pump 888 Current Tower

Proposed
B Proposed Chiller W88 Proposed Pump Proposed Tower
Energy Totals
Cument Energy kWh: 8.523.463
Proposed Energy (kWh): 8.413.783
Savings §Wh): 109,630

== X
Cost ($)
$800.000 -
S748.584 £74p,407
$600,000 -
$400,000
$200.000
£85.881 589881
I $13.882 511.091
$0 A ]
Current
I Current Chiller EEE Current Pump B8 Current Tower
Proposed
B Proposed Chiller B8 Proposed Pump Proposed Tower
Cost Totals
Curent Cost (S): 2057 145 Retum to
- Output
Proposed Cost (8): 041378
Savings (S): £10.968

Better
& Plants
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Combinatorial Savings

* As the chilled water supply temperature setpoint is increased

The Lift reduces
This reduces the work done by the compressor implying a lower kW/RT
This results in direct chiller savings

The heat rejected by the condenser is the sum of the evaporator load (which is the same)
and the compressor work (which has reduced)

So the heat rejected by the condenser reduces
This reduces the cooling tower fan energy

= Hence, the savings are combinatorial and higher the chilled water
supply temperature, higher the savings — if the chilled water flow
remains constant

W Better
Plants
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A Simple Chilled Water System

A

e _-'_! e f T o m e
Ol W

Cooling Tower Circuit
{Open Loop)

Electrical
Air Handling Units
Nexus ~ : P,
~B5°F Water L \ : 7
A
vAY
< >
I f
Thermal

~50°F Water

Fump l

Chilled Water Loop or
Chilled Waker Circuit
(Closed Loop)

¥ Better U.S. DEPARTMENT OF
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Simplified Chilled Water Loop (Constant Speed Pump)

Refrigerant

Pump
Evaporator

Better
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Simplified Chilled Water Loop (Constant Speed Pump)

Chilled Water Loop

Pump
Evaporator

Better
Plants 66



Simplified Chilled Water Loop (Constant Speed Pump)

= Normal (Design) Operation

Bypass flow = 0

Process end use cooling demand = 100 RT

Chilled water flow through HX = 240 gpm

Chilled water supply temperature = 44°F

Chilled water return temperature = 55°F

Evaporator refrigerant saturation temperature = 42°F
LMTD on the evaporator = 5.88°F

Qevap = UA*LMTD LMTD = (Tout —Tsat)—(Tin —Ts )
UAevap = 17.01 RT/°F — ln(Tout —Tsat)
(Tin -Tsa )

W Better
Plants
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Easy Tell-tale Signs to Raise ChWST

= An inline valve — typically, chilled water pump discharge —is
throttled

= Chilled water flow is being restricted
= Pump may not be designed properly
= The end-use HX may not be designed correctly for full design flow

= Opportunity to raise ChWST and increase flow in the loop

= Opportunity to use VFD on pump and also raise ChWST

Better s DEPARTHENT OF
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Easy Tell-tale Signs to Raise ChWST

* The Bypass flow is significant (> 20%)
» Flow to the process end-use HX is throttled to less than 80%
= Pump may not be designed properly
= The end-use HX may not be designed correctly for the full design flow

= The end-use HX has significant more area than required for the process heat
duty
» Process end-use demand is LOWER than design

= Opportunity to raise ChWST and increase flow in the end-use HX

= Opportunity to raise ChWST and may be to use VFD on pump

EEEEEEEEEEEE
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f Optimizing ECWT & ChWST
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Modeling Multiple EEOs in CWSAT

CWSAT has the ability to model combinatorial impacts of multiple
energy efficiency opportunities (EEOs)

= Allows the user to NOT double-count

= Avoids pitfalls where one EEO may negate or offset another EEO

While doing an overall analysis model CWSAT with all the EEOs
together

For each specific project and to determine priority in EEOs based on
budget constraints, schedules and return on investments — also model
each opportunity in CWSAT individually

W Better
Plants
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Individual EEO Results

o o
» Reduce ECWT by 2°F * |[ncrease ChWST by 1°F
Savings Summary Screen : VINPLT_Example Savings Surmmary Screen : VINPLT_Example
Blectricity Matural Gas , Electricity Matural Gas
Savings Savings Cost Savings | Savings Savings Cost Savings
k\Wh] [MMBtu] 5 kWh] [MMBtu]
Chiller Summary: 68,502 $6.850 ' Chiller Summary: 81,773 53177
Tower Summary: -11.,430 ($1.143) Tower Summary: 27907 §2,791
Pump Summary: 0 S0 Pump Summary: 0 $0
Total 2 A 35001 Total: 109,680 510,968

Total Savings: $16,675

Better 1
ENERGY

& Plants
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Modeling both the EEOs together in CWSAT

Operating Cost Reduction Opportunities Screen

The operating cost for the chilled water system can be reduced by altering various system parameters

ltis generally recommended that each measure be applied alone to gage the relative benefits of each
Then, multiple measures can be applied to determine the total savings.
Potential savings opportunities include:

Increase Chilled Water Temperature Setpoint
Increase CHWT? | Yes <« | Cument Temperature 44 2F

Proposed Temperature? | 45

Decrease CWT?  |Yes | Cument Temperature 85 2F
—

Decrease Condenser Cooling Water Supply Temperature

Proposed Temperature? |83

Use Sliding Condenser Water Temperature

Cannot be used when Decreasing Condenser Water Supply Temperature

= One word of caution — It is always best to start CWSAT from the

M Better
4Plants

base model whenever modeling EEOs
» |t avoids leaving certain project ON in error
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Modeling both the EEOs together in CWSAT

gl £
INPLT Exarml Energy (Equivalent KWh) Cost ($)
1 = INFLI_Example
S'DGG'DDD_?.J,&SBEB $800.000 - 748584 ¢ 620
Blectricity Matural Gas 728 205
Savings Savings Cost Savings .
KWh] [MMBtu] | 6.000.0001 $600,000
|
Chiller Summary: | 145,535 514,963
—_— 4,000,000 4 $400,000 -
Tower Summary; | -11,144 (51.114)
2.000.000 4 $200.000
Total: 138,350 $13.835 £98,607 898807 $89,881 583,381
I 138,817 148,561 I J 513882 £149%
1t} —~ — $0 - —
Current Current
I Current Chiller BB Current Pump B8 Current Tower I Current Chiller BB Current Pump B8 Current Tower
Proposed Proposed
B Proposed Chiller B Proposed Pump Propesed Tower B Propesed Chiller B Proposed Pump Proposed Tower

NOTE: Savings less than sum
of individual EEOs

¥ Better U.S. DEPARTMENT OF
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Why do the Savings NOT Match

EEO savings may not be additive
= Savings may not be linear when comparing them with Lift

Chiller performance curves (kW/RT) are not linear when comparing
them with changes in Lift

The distribution of load, operation of cooling tower fan can all play a
very significant role

The higher the confidence level in the base model results, chiller
performance curves — higher the fidelity of the CWSAT EEOs results

W Better
Plants
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VFDs to Pumps
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Application of Variable Frequency Drives to Pumps

VFD pumps can play a very important role in reducing total system
energy consumption

The centrifugal pump follows the cube law
= Flow oc Speed
= Power « Speed?

* The example chilled water central plant facility
» Primary chilled water pumps
= Secondary chilled water pumps
» Condenser water (cooling tower) pumps

Better s DEPARTHENT OF
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Modeling Application of VFDs to Pumps in CWSAT

The operating costforthe chilled water system can be reduced by altering various system parameters.
| Re m e m be r — CWSAT m Od e I S Itis generally recommended that each measure be applied alone to gage the relative benefits of each.
Then, multiple measures can be applied to determine the total savings.
Potential savings opportunities include: @

p ri m a ry Ch i I I ed Wate r IOO p Increase Chilled Water Temperature Setpoint

Increase CHWT? [No  ~|

O N LY Decrease Condenser Cooling Water Supply Temperature

Decrease CWT? |No |

Use Sliding Condenser Water Temperature
Uze Sliding Temperature? .No <

Apply Varniable Speed Control to Chilled and/or Condenser Water Pump(s)
= Model the pumps VFD I i iee st
. . . . on Replace Chiller(s)
application individually oot

Upgrade Cooling Tower Fan Speed Control

= Chi”ed Water Upgrade Fan Cortrol? |No  +

Use Free Cooling when Possible

= Condenser water et ook’ (I

Replace Chiller Refrigerant
Change Refrigerarts? | No w

Install a VSD on each Centrifugal Compressor Motor

Number of centrifugal chillers: Install VSDs? [No  ~ |

U.S. DEPARTMENT OF
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Modeling Application of VFDs to CW Pumps in CWSAT

Pump Summary

CHW cW
Variable Flow?: Mo Yes \
Flow Rate [gpm.ton]: 24 3
Mator Size (hp): 20 25
Pump Efficiency [%]: 75 75
Motor Efficiency [%]: a5 a5
i Blectricity MNatural Gas
| Savings Savings Cost Savings
! Wh] [MMBtu]
Chiller Summary: 115 812
-[l Tower Summary: 70,867
{ Pump Summary: 267,778

! Total: 333,760

a76

o' Energy and Cost Savings

Energy (Equivalent KWh)
80000001 7,485,829
7428 724
6,000,000
4,000,000
2,000,000
. 631029
I | 138817 gom
D | |

Current
I Current Chiller N Current Pump B Current Tower

Proposed

I Froposed Chiller ¥ Proposed Pump Proposed Tower

B X
Cost ($)
SH00.000 - 5748 534 5748 572
600,000
£400,000
200,000
589,081
$63,103
I 513,882 56,795
$0 —
Current

I Current Chiller W Current Pump B8 Current Tower

Proposed

I FProposed Chiller B Propesed Pump Proposed Tower
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Modeling Application of VFDs to CHW Pumps in CWSAT

> : _ T - _ost ba B ;
able Flow Yes No _
/ Energy (Equivalent kWh) Cost ($)
s fopantax 24 3 £.000.000 $300.000
T 7,485,838 | 748584 5748 584
= 20 25 7428239
75 75
6,000,000 $600.000
Efficiency [%] 35 85
4,000,000 + $400.000
Electricity Matural Gas SRR AR
Savings Savings Cost Savings
898, 807 £85,381
[Wh] [MMBtu] 62455 ses 458
I | 138217 111054 I | 513882 11,105
| 1 "
i Current Current
TCIWEF Summary. 2?'?53 52'??5 , I Current Chiller HEE Current Pump B Current Tower N Current Chiller BB Current Pump B8 Current Tower
== Pump Summary: 214223 521 422 Propased Proposed
B Proposed Chiller B8 Proposed Pump Proposed Tower B Proposed Chiller B8 Proposed Pump Proposed Tower
Total: 241 586 £24199
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Modeling Application of VFDs to CHW & CW Pumps in CWSAT

Pump Summary

CHW cw
/ Wariable How?: | Yes | | Yes |
Flow Rate [gpm.ton]: | 24 | | 3 |
Matar Size thp): | 20 | | 25 |
Pump Efficency [%: | 75 |[ 75 |
Muotor Efficiency [%]: | a5 | | 85 |
Savings Summary Screen : VINPLT_Example
Blectricity Matural Gas
Savings Savings Cost Savings
[\Wh] [MMBtu]
Chiller Summary: 115 812

| Tower Summary:

EH
g

| PUMP Summary:
Total: 552

:

£7.087

i
2

a5 Energy and Cost Savings

Energy (Equivalent KWh)

SRR 7,485,239
7488 724

£.000.000

4,000,000

2.000.000

292,807
416,806
I 138817 g7950
D | | ]
Current

I Current Chiller W Current Pump I8 Current Tower

Proposed

I Propesed Chiller W88 Proposed Pump Proposed Tower

— =
Cost (%)
$800.0001 <745 584 5748572
$600.000 4
$400,000 +
$200.000 -
LR
541,681
... $13.882 ¢g7o5
$0 - =
Current
N Current Chiller WM Current Pump B Current Tower
Proposed
BN Proposed Chiller W88 Propesed Pump Propesed Tower
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Comments on Using CWSAT for VFD on Pumps

» Personal thought — CWSAT allows user to get a good idea of the
potential energy and cost savings of VFDs on pumps

= Better tools exist - USDOE MEASUR - that can be used to more
accurately quantify VFD savings on pumps

= CWSAT has a limited pump loop definition

* The specific pump curve at the plant may be very different
compared to the generic pump curve in CWSAT

EEEEEEEEEEEE
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Tower Fan Speed Control
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Application of Cooling Tower Fan Speed Control

= There are different types of cooling tower fan controls
= Constant speed — motor goes ON/OFF
= 2-speed control — motor goes High speed, Low speed and Off
= Variable speed control
= Fan pitch control — in axial fans ONLY

The centrifugal fan follows the cube law
= Flow oc Speed
= Power « Speed?

= CWSAT allows selection of fan and type of speed control

W Better
Plants 84
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Application of Cooling Tower Fan Speed Control

— '} -

Operating Cost Reduction Cpportunities Screen

]
n ( :W: ;A I COOI I n g towe r l I lo d e | The operating costfor the chilled water system can be reduced by altering various system parameters

ltis generally recommended that each measure be applied alone to gage the relative benefits of each.
Then, multiple measures can be applied to determine the total savings.

u S eS th e fu n d a m e n ta I Potential savings opportunities include: )]

Increase Chilled Water Temperature Setpoint
Increase CHWT? _No -

p ri n C i p | eS Of p SyC h ro m et ri CS ] Decrease Conden_ser Cooling Water Supply Temperature

Decrease CWT? (Mo

h e at t ra n Sfe r, m a S S t ra n Sfe r Use Sliding Condenser Water Temperature

Use Sliding Temperature? | Mo

a n d fl u I d fI OW Apply Vanable Speed Control to Chilled and/or Condenser Water Pump(s)

Apply VSD1o CHW Pump? [No v |  ApplyVSDto CWPump? Ty — o

Replace Chiller(s)
Replace Chillers)? Mo

: Upgrade Cooling Tower Fan Speed Control
. Eval uate the COOI I ng tOWer fa n / Upgrade Fan Control ? '_Yes ~ | Cumrent Cortral Pmposed Control 7
1-Cell With 1-Speed Mator

Use Free Cooling when Possible 1-Cell With 2-Speed Motor
CO n ro T 2-Cell With 1-Speed Motors
Implement free cooling? | NO = 2-Cell With 2-Speed Motors

3Cell W:rth 1-Speed Mators
Replace Chiller Refrigerant 3LCell With 2-Speed Motors

| ] 2 d Tower With Variable Speed M
- i 7 v
S p e e Change Refrigerants? | No | ——

Install a VSD on each Centrifugal Compressor Motor

u V F D Number of centrifugal chillers: Install VSDs? | No |

U.S. DEPARTMENT OF
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Application of Cooling Tower Fan Speed Control

= CWSAT cooling tower model

w/2-speed fan control

Tower Summary

Type: 2-Cell With 2-5peed Motors Chiller Summary:
< Himwrs 1 Sizing: Tons Tower Summary:

Pump Summary:
Fan Motor HP: &0 Tons: 2000
Total:

Mumber of Cells per Tower: 2

W Better

Electricity
Savings

[\Wh]

0

78,759

78,759

--------

Matural Gas
Savings
[MMBtu]

Cost Savings

50

57876

57876
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Application of Cooling Tower Fan Speed Control

= CWSAT cooling tower model

w/VFD fan control Savings Summary Screen : VINPLT_Example
Electricity Matural Gas
Savings Savings Cost Savings
Tower Summary kWh] [MMBtu]
Type: | Tower With Varable Speed Motor(s) Chiller Summary: o 50
< HlTowers: | 1 Sizing: Tons Tower Summary: 79,151 $7.915
Fan Motor HP: 60 | Tons: 2000 Pump Summary: 0 50
Mumber of Cells per Tower: 2 Total: 73,150 $7.913

2-speed fan control (2 cells) & VFD control — provide very similar savings
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ee Cooling (Water side Economizer)
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Install Water-side Economizers (Free Cooling)

* This energy efficiency opportunity is applicable and cost-effective in
certain geographical areas only but can have a huge impact on
energy savings

» |nstalling a water-side economizer allows for “free cooling” during
times of the year when the outdoor ambient conditions allow for very
low wet-bulb temperatures

* The cooling tower water provides a portion or all of the chilled water
load and reduces the chilled water plant’s operating time

= NOTE: Always evaluate if any portion of the chilled water end-use
load can be offset by using cooling tower water!
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Student Exercise (Using Free Cooling)

= Different configurations
. The operating cost for the chilled water system can be re;luced by altering various system parameters.
Of free COOI I n g a re Itis generally recommended that each measure be applied alone to gage the relative benefits of each.

Then, multiple measures can be applied to determine the total savings.

pOSSibIe Potential savings opportunities include: @

Increase Chilled Water Temperature Setpoint
Increase CHWT? _No e

Decrease Condenser Cooling Water Supply Temperature

= Direct (without HX) DT 1o
a I | OWS fO r m aX| m u m Use Sliding Condenser.Waler Temperature

Uzse Sliding Temperature? No  «

p Ote n tl a I b u t m ay n Ot Apply Variable Speed éontml to Chilled and/or Condenser Water Pump(s)
be praCthaI In Chllled Apply VSDto CHW Pump? [Mo  ~  Apply VSDto CW Pump? [y, vl
water I 00 pS Replace Chiller(s)

Replace Chiller{s)? |No |

Upgrade Cooling Tower Fan Speed Control
Upgrade Fan Control? _No ~

- I n d i re Ct (Wi th HX) _ Use Free Cooling when Possible
req ui res te m pe ratu re implemert free caoling? |Yes | Heat exchangerrequied? |Yes | HEXapproachtemperature? |10 | °F

Replace Chiller Refrigerant

approach as an input S esioenedt D

Install a VSD on each Centrifugal Compressor Motor
Number of centrifugal chilers; | 2 | Instal VSDs? [No v
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Student Exercise (Using Free Cooling)

Cooling
Tower

L l A Condenser Water
= © Pumps

| Approach of HX
= P i b \\ Temperature

Heat Exchanger X i

— i difference between

= Mo these 2 streams

A | Chilled Water
== Chiller #2 = |- W Pumps

Chiller #3 !

_— Load -

EEEEEEEEEEEE
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Student Exercise (Using Free Cooling)

" = - T s a5 Energy and Cost Savings - X
Savings Surmmary Screen IPLT_Exarnple
Energy (Equivalent kWh) Cost (%)
Elec:t_nc:h' Natur._al Gas . 8.000.000 1, o0 oo $800.0007 1o o)
Savings Savings Cost Savings
[k"l".l"hl [MMEtIJ] 6.432.160 $643.216
6.000,000 4 $600.000 4
Chiller Summany: 1.063.680 5105,368
Tower Summary: -/5.810 (57.581)
4,000,000 4 $400.000 4
Fump Summarny: 0 20
Tatal: 977870 &97 787 2,000,000 $200,000
858,307 293.807 $89.281 s589.8%1
I 138,817 214626 I 13,882 $21.463
0 — $0 —
Current Current
I Current Chiller EEE Current Pump B Current Tower I Current Chiller  EEE Current Pump B Current Tower
Proposed Proposed
I Proposed Chiller Propesed Pump Proposed Tower I Proposed Chiller WM Proposed Pump Proposed Tower
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Implementing Free Cooling — Exercise Caution

= Be careful with this opportunity — a lot of misapplications occur

* Proper temperature and flow control loops have to be
incorporated and retrofitting may make it a little more challenging
if 3-way tie-ins on the chilled water loop and cooling tower loop
are not easily available

= On several occasions, a separate cooling tower (separate basin)
and water loop maybe needed

EEEEEEEEEEEE
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Implementing Free Cooling — Exercise Caution

= When cooling towers are sized by Tower Tons in CWSAT, the algorithm
continues to optimize and evaluate the cooling tower fan power
necessary - which does reduce as chiller load reduces

= Nevertheless, pay attention to proposed tower details screen to
understand if it all makes sense — overall tower energy use has to
Increase with this opportunity!

= CWSAT is limited in some ways — there maybe increased pumping
power depending on the loop and flow control configuration

Better s DEPARTHENT OF
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Student Exercise (Using Free Cooling)

» |f designed . -
OWeEr aummary

CO rreCtIy, Tyoe of Tower: | 2-Cell With 1-Speed Motors |
thiS iS a Mumber of Towers:
Mumber of Cells per Tower:
g reat Tower Sized by:
Opportunlty Tower Tons:
Fan Mator Size (hp):
to offset | .
Fan CWT Setpoint Mot Achieved: :
pa rtl al Tower Energy Sugfmany
Chi”er |OadS WB Bin: WB<35% \ 35-45%  45-55%F  55-65%F 65-75%F  WB>75%F Total
Hours: | 2030 || 1464 || 1296 || 1680 || 188 || 3 | | 870 |
| |
Ereyfewhll | 103573 || o || o || 172 || 72838 || 27043 | | 214826 |

Mote: Tower glalculations are made on an houry basis. Bins are shown here for brevity
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Replace Refrigerant

The operating cost for the chilled water system can be reduced by altering various system parameters.
m Itis generally recommended that each measure be applied alone to gage the relative benefits of each.
Then, multiple measures can be applied to determine the total savings.
Potential savings opportunities include: @
Increase Chilled Water Temperature Setpoint
Increase CHWT? Mo~

Decrease Condenser Cooling Water Supply Temperature

» This was setup for drop-in -
replacements Of R11 Use Sliding CondenserWaterTemperature

Use Sliding Temperature? :i\lo |

W/ R 1 2 3 a n d R 1 2 W/ R 1 34a Apply Vanable Speed Control to Chilled and/or Condenser Water Pump(s)

Bpply VSDto CHW Pump? [Ng  ~|  APPyVSDtoCW Pump? [,

Replace Chiller(s)
Replace Chilleris)? Mo

u It may prOVide Some ba”- Upgrade Cooling Tower Fan Speed Control
park information but there [ —
are better WayS to model Free Cooling is already implemented

Replace Chiller Refrigerant

th i S E E O Change Refrigerants? | Mo ~

Install a VSD on each Centrifugal Compressor Motor
Number of centrifugal chillers: Install WVSDs? 'Ng ~ |
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Homework #5

* Finalize your plant’s chilled water system model in CWSAT

= Build confidence in the total energy consumed and the cost of
operation of your chilled water system

* From CWST exercises (HW#2), identify two or three opportunities that
can be modeled in CWSAT as operating cost reduction strategies

= Use the CWSAT model to quantify these opportunities

» |dentify discrepancies and shortcomings, if any, in the CWSAT
software

EEEEEEEEEEEE
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Kahoot Quiz Time
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ank You all for attending today’s webinar.
all on next Thursday — July 7, 2022 - 10 am ET

ve specific questions, please stay online and we
will try and answer them.

Alternately, you can email questions to me at
AN (a) Ta¥-1210- eYas
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