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Variety of approaches used for minimizing central plant utility costs today

Custom Logic/
Advanced Step and Wait
Sequences in Auto-Adaptive
Plant Automation Processes

Model-Based Mathematical
Optimization
with Machine Learning

Manual Control
by Experts with
“tribal

knowledge” + Fault Detection & Diagnostics

Wet-Bulb Temp [F] CHW Load [ton]

Step Up or 0 —

*JCI - OpenBlue CUP
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See Appendix for Deeper Dive



Chiller COP
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Chiller and Pump Performance Curves
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Chiller partload ratio

Now think about managing these when your plant has 4, 5, 6, 7, or 8 chillers!



Curren! balance due
Pay By

01/04/21

$6,058.27

Service delivered to: 25-257 PEARL STREET
Next meter reading date: Monday, Jan 11, 2021

MINA MILLER
Account Number: 99-9999-9999-9999-9

Your Bill Breakdown -

Last billing period

Avold estimated DIS - please give us ACCRSS 10 read your meter,
Your billing summary as of Dec 10, 2020

Your previous charges and payments

Total charges from your kast bill $7.786.32
Payments through Dac & thank you -$7.786.32
Balcnce from previous bill None
Your new charges

Billing periad: Nav 05, 2020 to Dec 09, 2020

Electricity charges - for 34 days $6,058.27
Total from this billing period $6,058.27
Total amount due $6,058.27

Payrment is due Upon receipt of this bl To avold a late payment charge of 1.5%,
please nay the total amount due by Jan 4, 2021,

Your Supply Charges

Energy supply 36,000 kWh @4 5558C/kwh
Demand supoly 62 .4 kW GS8 17134V
Merchant function charge

GRT & cthar tax surcharges et}
Total supply charges $2,242.99
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Your totul electiicily supply cost fou the UV o 6.2¢ per AWh You can comgrare thiz '
| price with those offered by energy services componies (ESCOs). For o st of £5€0s |
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Kame: MINA MILLER Account number: GA.0900. 000040960

Your elecmcury breakdown :

Electric Meter Detalil - wlngmmmos,zozono«oo,mmm
!Q.!_!____!!!_m_ !Q!___!!g!!g!!l_ Type Date

Nv0S0 &0 0 36,000 kWh
mul-uun_-ﬁ' 5240 kW
Your Supply Charges Your Delivery Charges
Energy supply 36,000 kWh @4.5558C/kwh $1,640.10 Energy delivery 36000 tWh @84.1541C/AWn $1.509.8¢
Demand supply 62 .4 kW S8 1713w $50989 Demand cdelivery 62.4 WY @ $24 8136AW $1,548 37
Merchant function charge $4029 Systermn Banaefit Charge §0.5000C/AWh $180.00
GRT & cther tax surcharges $52.71 Biling anc payment processing charge $128
Total supply charges $2.242.99 (g7 & other tax surcharges 58190
E Your totul ehecticiy supply cost for this bl is 6.2€ per AIVh. You cam compare this | 10101 delivery chorges $3,321.44
| price with these offered by energy services compunies (ESCO). For a kst of £5CO, Sales tax B8.8750% $43384

| Vit Pome YourWay.com or cal 1-800-780-2884. {  Notslsales tx $6804
| —rsdssim T R P T |
Your electricity total $6,058.27

[$50989 |

Understanding your bill

Biling asd payment processing charge: This charge may be svonded by switching to an energy sendces campany (ESCD)
BiBing charges Thess charpes are for the seciricty you need ISupply) and getring the eectricty to you idelvery) Rates are based o a 30 day period. When your biling period is more ¢ less than 30

daps, we prorate your bill \
; Charge fior rmairtaining the system through which ConEdson delivers electricity to you.
Demand Supply: Charge for the eeciricty suppied to you by Con Edson.
Energy Sapply: Charge for the slectnaty supplied to you by Con Edmon.
GRY & other tas surcherges. Tares on Con Edibon grons receipty rom sles of utlity services end other tas wcharges.
Merchant Functicn Charge (Electric): Charge associsted with procuring electicty, (redit and colecion reated sctivities and unolisctible sccounts.
Menthly rate adjustment: fd o ol o103 and crodes and fom Omober through May for the effect of vanation from normal woahe
Sams tar Tax collected on babatl of New Yerk Ciry
System Benefit Charge (Electricy The Systern Banefrs Charge recovers cotts assaciated with claan snergy acthvities conducted by ™e New Yark State inergy Research and Develonmant Authority
(NYSERDA) and energy efficiency progrars mpemernced by the Cormpany.

Your Delivery Charges

Energy delivery 36000 k'wWh 84.1541C/kWh
Demand celivery 62 4 W @ S24 8116AW
Systom Benefit Charge §0 5000CAWh

Biling anc payment processing charge
GRT & other tax surchages

Total dellvery charges
Sales tax @B B750%
Total sales tax

Your electricity total

$1,509.8¢

$18000
128
$81.90
$3,321.44
$491 84

$6,058.27
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Information
Informing Central

L >3 Cs||Cy

Plant Operations -

o 3 "---~-.4 '.“‘
* Required Cooling Load i) _‘
» Required Heating Load o T oy
« OQOutdoor Air Temp - -
* Indoor Air Temp . ."‘3-'.'-&.{\'7"'"‘3:
* Chiller Constraints —~
* Pump Constraints ﬁ fr:::i_"_:--:--i
» Cooling Tower Constraints s
* Chiller Performance Curves E'";F_-_'_-:"E;_f_‘;
» Pump Performance Curves =N —
. Electric Utility Rates ~ A
» Natural Gas Utility Rates — b
» Equipment Availability ~_ | |
+ Set point requirements ol % (*)
« Free Cooling -
* Flow - H““-{f& |

« And more...



What is OpenBlue
Central Utility Plant
(CUP)?

- A software application that
complements existing plant
automation systems

» Collects up-to-the-minute data
from meters, weather forecasts,
and utility markets

« Determines best combination of
equipment and set points to
achieve our Customer’s Desired
outcome over a future time
horizon




How Model-Based Optimization works

PREDICTIVE
Inputs & OPTIMIZATION Control & Command
Predictors $ 1 CO2 / Water any brand equipment

@O0

Utility Load Weather \2& TiaTs @'a,m Chillers Heat-Recovery Boilers Pumps

Market Rates Predictions Forecasts
22
Multiple Cooling Heat Thermal

Equipment  Calendar/
Plants Towers Exchangers  Storage

Modeling/ Maintenance
b Export to Plant Simulator
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MONITOR &
ADAPT

Digital Twins

Predictive, real-time control and machine learning make the difference.



Optimize your Central Plant the way YOU Choose... as often as you want

o

[e]

Minimum
Operating Cost

Takes complex utility
rates structures,
evaluates all possible
EQPT and Set point
combinations to
solve for the lowest
$/hr possible

The Central Plant
Optimizer can do a
combination of both
minimizing
operatingg costs and
minimizing carbon
emissions

1+

Minimum
Carbon Emissions

Meet your
Sustainability goals
for Net Zero Carbon

by responsibly
managing Central
Plant resources.



Two tools with one goal: Minimize utility lifecycle costs in central plants

Plant Simulator used in Design Phase Plant Optimizer in Operate & Maintain Phase

Shared Plant
Energy Model »

A live digital twin virtual representation of plant

Real-time monitoring and control application
“flight-assist for energy savings” (Not auto-pilot)
On-premise, virtual server application

1/

Flight simulator” tool Azure cloud-based app on
OpenBlue Central Utility Plant

Setpoint commands every 15 min
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What-if scenarios to estimate cost savings & —
capital asset planning =




Front Loop

White Hall Plant Cartwright Hall Plamt

- Chilled Water (ton) N
KENTSIATE 346 149 366
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Advisory Mode & Auto Mode

s
Johnson w)ﬁ CEMTRAL PLANT OPTIMIZATION
Controls

Sl w Daspatch Inpul DEla Aesponse Program Reporling « Audit Log

Salact Plants =

Tis2019 CPO On CPO Off I Out of Service Il Mo Dispatch O Clock Dispatch

* Disngich Gimes are an apgrocinslicn
16:30 16:45 17:00 Current 17:15

17:30 17:45 18:00

+ Summit Street Electricity Plant

+ Summit Street Steam Plant

Bowman Chiller 1 (3)
= LCM Plamt
LCM Chiller 1 (E)
= Summit Street Chiller Plant
Summit Chiller 1 {E} 1,730.56 ton
Summit Chiller 2 {E) 1,730.56 ton
Summit Chiller 3 {S)

- y—m—p— ! ! -/ | - ¢ - f
= Bowman Plant

-foottoop /! | ' '/ /|
= Cartwright Hall Plant

Cartwright Chiller 1 (5)

Cartwright Chiller 2 (S)

243.10 ton
= Merrill Hall Plant
Merrill Chiller 1 (E) T78.49 ton
Merrill Chiller 2 (E)
= White Hall Plant
White Chilller 1 (3)
White Chiller 2 (E)

350.00 ton
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Site =

Dispatch =

CENTRAL PLANT OPTIMIZATION

Input Data + Response Program +

Site * Summit Street Loop > Summit Street Chiller Plant

Reporting + Audit Log

Uilization

Cooling Production

3,606 .,

Efficiency

4.69 cor

Efficiency

4.08 cor

0 . 7 5' kEW/Ton

Cooling Production

1,946 ;" 1,805 "

Rate of Electric Consumption

1,460.4 1,414.6

Actual Target
kW kW

0 . 3 6 kW/Ton

Cooling Production

1,659 on~ 1,805 "

Rate of Electric Consumption

1,431.5 1,414.6

Actual Target
kW kKW

Supply Water Temperature

99 .

‘ Summit Chiller 1 (E) | Summit Chiller 2 (E) | Summit Chiller 3 (S) |

Utilization

Efficiency

0.00 cor
D . DO PPH/Ton

Cooling Production
Actual Target
ton ton

Rate of Steam Consumption

Actual T
0.0 ke 0.0 kepn

Return Water Temperature

67 .
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University of Tampa Campus Profile

= Private University
= Student Enrollment: >11,000
= Urban Campus with 110 acres

= A residentially-based campus with
12 residence halls

. X
''''' .y
. ~
O B

= High-performance insulating windows
allow appropriate day light while
reflecting solar radiance ~

= Majority of the building has individual ,_§:
and centralized controllable LED K-
lighting.

e, — =

Controls
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Problem Statement: Central Plant Sequences

The project lacked an effective

sequence of operations that would

allow both central plants to operate

simultaneously and efficiently.

This uncertainty presented risks to the
reliability, performance, and energy
efficiency of the university’s critical

chilled water systems.

CH-ROTATE
CHWP-ROTA

CWE-T 3,193.3 gpm

o qoeml) CWL-T
M 71.6 deg F

-
B B
416degF '

490deg F
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Project Goals for the University of Tampa

Mechanically connect the legacy central plant with the new central plant & save energy

Legacy CHW Plant

(3) 1200-ton chillers
(1) 1000-ton chillers

(5) Headered Variable Speed
CHWP

(5) Headered Variable Speed
CWP

(4) Cooling Towers (2 Cells
Each)

New North CHW

Plant

(3) 1200-ton chillers

(4) Headered Variable
Speed Primary CHWP

(3) Headered Variable

Speed CWP

(2) Cooling Towers (3-

Cells Each)

Johnson ﬂ})[(,
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Solution: Central Plant Optimization Software

Metasys Metasys OpenBlue Plant
Graphics Parameters Optimizer

Johnson ”)I(‘
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Solution: Optimization

= “Auto Mode” is great for Optimizing multiple Chiller
Plants on the same headered water loop for the best
overall kW per ton combined.

= Anthony Oelsner, BAS Manager of Facilities, University of Tampa

Johnson ﬂ))l(,
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University of Tampa Optimization North Plant

Current Operations * Future/Current Cornmands » Future Inputs * History = Auda Log Optimizingby - S Drybulb Tempersture 72.8°'F Relative Humiday 50 % 0 ‘ cdesna v
ent Operation wesity of Tamp.
Imports
Water (gpm) Electricity (kW)
Loop Production 1 0 8 8 5
0.00 Tonnes CO_e/hr 0.00 Tonnes CO_e/hr

CHW System

Chilled Water (ton)

Utilization

Johnson yj)l“
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niversity of Tampa Plant Horizon View

Johnson

20

Controls

ton

Cuwrent Operations +

2000

1500

1000

500

| ] I | ) | | ! | I ! |
2/6/2026 2/7/2026 2/7/2026 2/8/2026 2/8/2026 2/9/2026 2/9/2026 2/10/20262/10/20262/11/20262/11/20262/12/20262/12/20262/13/20262/13/20262/14/202

OpenBlue Plant Optimizer

Futura/Current Commands * Future Inputs *

History Audit Log

End Date
8 | 2/20/2026

Horizon chart view's future projections are simplified and may not factor in all constraints.

7. Feb 8. Feb
Production
— Load Coil

& W North Plant CHW Load Allocation
& B South Plant CHW Load Allocation
& 0 Unmet Load

9. Feb

2,331.70 ton
2,331.70 ton

10. Feb

Horizon View ) ) Don't update chart with new dispatch dana

11. Feb

«» Load Coll: 2331.70 ton

Some constraints may be violated and some
dispaich behavior may appear unexpected,

» Unmet Load: 0.00 ton

# South Plant CHW Load Allocation: 0.00 ton

12. Feb

13. Feb

Now

« North Plant CHW Load Allocation: 2331.70 ton

14. Feb

|
i

15. Feb

16. Feb

Optimizingby - S ¥

17. Feb

Deybulh T

62.4°F Relati

»

18. Feb

Humidity 81 %

19. Feb

e ‘ cdeana ¥

& Export GIF

20. Felr

Johnson ﬂ))l(,
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UTampa North Plant Efficiency in Advisory Mode

Johnson y/)).(' OpenBiue Plant Optimizer

Controls

Currertt Opevations v Futuwre/Currem Commands Future inputs » History » Audat Log Optimizingby 6 + Drybulb Temnperature 62.4 °F Relative Humidaty 81 % 0 ‘ cdeana =

Curremt Operations > CHW Systemn > North Plant

Supply Pipe Name Supply Water Temperature Return Pipe Name Return Water Temperature
e | S 0.02%
Q » Cooling Production
3 8% 0.5Tuwren Ot e S 1 3 73
’ ton Chilled Water Pipe - North 42.3 ' Campus Return 48. 8 'E
0. 14w

Unilezgtson Plant Efficiency
s PRty

North - CH1 North - CH2

‘ 98. 0.

Uhilization IMihization

Plant Efficiency = 0.51

é kw/ton

Effsczency Efficiency Effscioncy

9.83 cor 10.06 ¢ 0.00 e
0-36 kW/Ton 0.35 kW/Ton e

Cooling Production Cooling Production Cocling Production

681" 408 ™ 692 .= 408 v 408

Rate of Electric Consumption Rase of Electric Consumption Rate of Electric Consumption

243.9 " 188.4 241.7 %" 188.4.%" 0.0 " 188.4 ™




UTampa North Plant Efficiency in Auto Mode

Johnson 7/)):('

OpenBiue Plant Optimizer
Controls

Curremt Operations * Future/Curremt Commands + Future Inputs

‘0.48-\-«1«.

Plant Efficsency

History »

Audant Log

Optimizingby - S * Deybulh Ternperature 72.8 °F Relative Humidity 50 & 0 ‘ cdeans w

Current Operations > CHW System ) Nerth Plam

Supply Pipe Name Supply Water Temperature Return Pipe Name Return Water Temperature

90.

Utilzz gtaon

Chilled Water Pipe - North Campus Retum

42.0 49.7

Utilization

==

Utilrz stion Utilizatacn

Plant Efficiency = 0.48
kw/ton

==

Efficsency

9.78 cop
0.36 v

Cocling Production

60 5 Actual
ton

Rate of Electne Consumption

217.8 %" 278.0 &

561 o

Efficiency

9.86 .
0 -36 KW/ Ton

Cooling Production

s S

Rate of Electric Consumption

214.7 5" 278.0.%"

Effscrency

9.65 cor
0 . 36 KW/ Ton

Cocling Production

s

Rate of Electne Consumption

222.3 " 278.0

Target
kW



Solution: Optimization
I

Annual Electric Savings
(KWhlyr)

Annual Utility Cost Savings
(USD/yr)

Utility Cost Savings %

Annual Non-Utility Cost Value
(USD/yr)

GHG Emissions Savings
(Ib CO2elyr)

Total Savings
(USD/year)

Combined Plant Projected Savings

841,500
$67,320

8.5%
$17,070

744,054

$84,390

to

to

to
to

to

to

1,039,500
$83,160

10.5%
$20,863

919,126

$104,023

A A4 B LY n



High Savings Levels

=
-
N

)

LA
A

4
)

Vsl ¥ AN
Is your building electrically Are your cooling towers
heated? running in the winter?

If yes, you have great opportunities for savings.
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Optimization
» For facilties with 2+ chillers investigate optimization
because it will allow you to:
» Reduce Scope 1 & 2 Emissions
« Lower O&M Costs

« Gain More Data, Precision & Control
« And Get Better Sleep At Night!

Kate Anderson, CEM
JCI Solution Consultant

Kate.Anderson@jci.com






