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“Hable bien, como un varon” (“You should talk like a man”)

“Si fueras mas femenina te iria mejor en la vida” (“You
should act more feminine.”)

#DTenColombia
#LalgualdadDeGéneroEsConmigo



“Limiting CO2 emissions-
driven global warming is one

the biggest challenges of our

time”
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o Individual Pieces of Equipment are efficient in
their own rights

o Variable Speed Drives (VSD) have been
introduced to improve the part-load efficiency
of chillers, pumps, and cooling towers

However

......

A ‘conductor’ is needed to carefully

consider each aspect of the system

1"
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and how tweaking or adjusting one
variable will affect the building
operation as a whole



Paradigm shift how we design, build, operate &  ™--.District Energy
maintain buildings and their relationship on the
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Vision
______________ >

2050

Commumty

wider community
2000 Today
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Building
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COP SEER nZEB Building Smart Building

Carbon Neutral
Society

Smart City

Consider environmental impact of
complete solution, with real
operating conditions

Connectivity and interoperability
between building systems

Integrated communication platforms
Asset management to guaranteea
seamless and efficient operation
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Where does the chiller plant sit within the

operation?

Chiller plant is the ‘heart beat’
of the overall building
operation

Optimisation and Energy
Performance starts here

Downstream systems can
operate optimally if consistent
performance is achieved from
the chiller plant

D Ik HVAC BMS
Mail e & Servicil

&

Complete oversight on
operation Optimized
maintenance plan
Full-support on whole

building solutions

Asset identification
Lifecycle analysis

i e—
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4
: Building

Remote monitoring operation data

Reporting & Insights |
Fault detection & Diagnosis Building
7
——
Soutions /|7

Plant Room

optimization

Chiller Plant Rool

m

Electricity Retailer




Typical building management system design
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Standard Building Management Systems (BMS) are generic in nature and not

equipment or system specific

BMS focus on bringing in all disparate building systems together and the whole of
building operation, based on predefined rules of operation

Not usually built to compare
design operational data vs
actual onsite performance

Chiller Plant is ‘just another’
system as part of the overall
Building Management System

BMS
I
I I
Building Control HVAC

Lighting I I 1

Pumps 1

Exhaust Fans Ail'side Chi"er Plant
Valves Cooling Towers
Dampers

Sensors

Pumps
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How td achieve an optimized
chiller plant room?
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Intelligent Plantroom Management
- Beyond Traditional BMS approach -

o Real-time analytics

o Diagnostics and M&V system

PLANT MEASUREMENT
AND VERIFICATION

PLANT CONTINOUS
COMMISSIONING AND TUNING

PLANT PERFOMANCE
MONITORING

PLANT CONTROL AND
AUTOMATION

PLANT DIAGNOSTICS
AND REPORTING

PLANT
OPTIMISATION
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o Continually readjusting of chiller plant

o Optimal performance

Comfort:

Ensures the right operating conditions

o Efficiency:
Optimized efficiency based on equipment actual
performances & building profile & needs

® Cost:

Lowers operation & maintenance costs
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- The benefit of Al in Chiller Plants - % SEP27-29] CARTAGENAICO

Advanced mathematical optimization algorithms, primarily for 3 purposes

v Equip. data models: Machine Learning to learn and minimize error to
continuously calibrate the model

v Chiller Plant Optimization: Finding optimal control performance (Temp.
setpoints, target loads, chiller combinations...

v Alerts: Predictive fault detection, based on deviations from target efficiency

Al-Machine Learning Al-Automatically Generated Automated Alerts if Operation

Backed Data Models Control Algorithms Deviate from Target Efficiency
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- Equipment Data Models - % SEP27-20| CARTAGENAIGO

Actual Power vs Predicted Power | Chiller Model COP
[ } 225 7
200 200 ¢
175 <5
s z
150 z =
; o % : %
2 F12s & §
E 100 2
[ 100
75
50
F so 20% 40% 60% 80% 100%
Load
9 8 10 12 ;‘ < = 777 700 0 ”01000 o CHWT=6C [ CWT=25C s CHWT=9C / CWT=25C s CHWT=12C / CWT=25C
o 50 mokmal 150 200 D""Tl?x) 18 5 2 ,, = 200 90 mmfﬂuw e CHWT=6C / CWT=29C  smmmem CHWT=6C / CWT=20C
Optimization algorithm minimizes Results in a mathematical model The COP curves are then derived
the difference between the actual predicting the power as a function

power & model predicted power of cooling load, LCHWT & ECWT




Al Machine Learning Strategies ~-_ District Energy

~— LATAM Conference 2023

- Equipment Data Models - % SEP27-20| CARTAGENA|CO
Learning chiller performance: Powercpiner = P(Load, Tgew, Treaw, Flowew)
Table: Chiller learning results with site data
Site A Site B Site C
Chiller n® 2 1 2 3 1 2

MAE (kW) 4.1 2.6 2.8 3.9 11.0 10.6
MAE/Mean | 46% [ 24% | 24% [ 34% | 65% | 64%
R-squared | 0.949 | 0.990 | 0.984 | 0.979 | 0.949 | 0.938

Chiller Model COP

— Actual
—— Predicted

200+

COP (kWr/kw)
~ w

g
g 150
g
<
100
)% )%
50 Load
— CHWT=10C / CWT=30C / 100% CW Flow = == CHWT=10C / CWT=30C / 50% CW Flow
i i i i ; i . i e CHWT=10C / CWT=35C / 1005 CW Flow = = CHWT=10C / CWT=35C / 50% CW Flow
0 2000 4000 6000 8000 10000 12000 14000 e CHWT=10C / CWT=40C / 100% CW Flow = == CHWT=10C / CWT=40C / 50% C\W Flow
Datapoint . B 3 )
Site B, Chiller 1 predicted power compared to the Site B, Chiller 1 predicted COP from chiller model for a

actual measured power range of conditions
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- Mathematical optimization of plant room - % SEP27-29] CARTAGENAICO

e _n - P
LoadMIg})lvranlVZVe. TLCTPOWBTPlant - Zi=1pchill€7‘,i + z:j=1PCW pump,j + z:k=1pcoolingtower,k
'’ ,L

Achievable in PLC  Achievable in iPlant

Estimated Savings (with iPM implementation)

Optimization Strategy

Control Manager
'g Chilled Water Leaving Temperature Ves* Yes * 1to 1.5% savings in kW/TR in fixed speed chillers
- Setpoint Optimization * 2to 3% savings in kW/TR in VFD chillers
k]
c
2 E
§ g Condenser Water Entering Yes* Yes + 1to 1.5% savings in kW/TR in fixed speed chillers
E = Temperature Setpoint Optimization + 2to 3% savings in kW/TR in VFD chillers
8§
ey . . * Variable Primary Flow 3.0%
(=) oc ¥
=2 Smart Variable Flow Yes Yes + Variable Secondary Flow 4.0%
Smart Sequencing No Yes * 2 to 4% typical savings for the whole plant
£ g
T o
E S Predictive
v 5 ..
N Optimized Start/Stop Partially* Optimized * 1to 1.5% typical savings for the whole plant
T w Start/Stop and

Staging Control
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- Mathematical optimization of plant room - % SEP27-29] CARTAGENAICO

o Maximize energy & cost savings by determining the optimum operation to
reduce the “lift”, or head pressure

v Condenser Water Entering Temperature Setpoint Optimization

v Chilled Water Leaving Temperature Setpoint Optimization
v Smart Flow

Optimum CW Flow & Power - Load 50.0 % - LCHWT 6 °C - ECWT 28 °C Optimum CW Flow & Power - Load 50.0 % - LCHWT 6 °C - ECWT 28 °C
r—
s 2 4 b \
140 - \ 130 \ P
—
120 4 [ e 120 { =
100 - 100 -
) —— Pump Power £ —— Pump Po ver
< 80+ —— Chiller Power < 80 —— Chiller P¢wer
§ —— Total Power g —— Total Povier
& 604 ® Optimum & 604 ® Optimun
40 40 4
204 / 201
L B
s
01 0
30 40 50 60 70 80 30 2 50 60 70 80

Condenser Flow (I/s) Condenser Flow (l/s)

Chiller/Pump set 1: Pump rated Power 22 kW

Chiller/Pump set 2: Pump rated Power 14 kW
Optimal CW Flow 60 L/s

Optimal CW Flow 85 L/s
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- Smart Sequencing - T SEPu R RGN

o Select the most efficient load point for each chiller and chiller combination
based on each chiller performance curves at different CHWT and CWT

E I:P Iant M an agel’ Commissioning
»

Plant Information CH 01

Available Controls

0.00
Overview Controls

on

on

20.6 %RH
16.0°C

Pumps Towers

On/True

46.04 Hz /45.00 Hz
33.53 kW

ok

1264 hr
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- Fault Detection & Diagnosis - % SEPZ1-20| CARTAGENAI GO
o Autonomously defines the 22 B
“Rating” in which the units are e 1, 1mn~
operating , . bwcd X

v GREEN, and RED
operating areas

v Units are still running but
underperforming with
respect to design conditions

o Diagnostics & Analytics L twmee
Uit 1:Chiller] {Water Cooled Flnoded Chiller)
v Detects variables from the mEmee @OWO® OB OW B R
plant and provide info on the — ===== e e oo
system status T e
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Measure

1.Measure

Measure the key data
points and calculate the
efficiency of each chiller

and ancillary devices.

Verify Diagnose Adjust

2ery s ks

Check instantaneous Analyze the data and run in Adjust the plant through
efficiency against the a diagnostics engine to proactive automation to
manufacturers design data determine the cause of any  correct back to optimized
and best-case efficiency  gaps between actual, design plant efficiency.
modeling and best-case chiller and

plant efficiency



Case Study
University, Singapore
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Chiller Plant overview

o Chiller: 3x 250 RT R Sy
Water cooled, Magnetic bearing chillers g |

o CHWPs: 3x 18.5 kW (40.6L/s, 30m head)

o Cprs: 3x 18.5 kW (553'./5, 25m head) E, Machine learning algorithms are localized, doesn’t

need cloud connectivity

o Cooling towers: 3x 11kW (55.3L/s) | - F” —
X o Cl-EdgeX1
Solution scope: i 1P Network
o Controller: 1 x Master iPlant Manager for | i Comactons to
controlling and optimising all plant equip. | ) B st
B w B = B n
o Connection by ModBus/BACnet to ! ‘ = ‘ ’ | — — ‘
controllable equipment B - il e e AR
i 3 Chiller System-1 ) Chiller System-2 Chiller System-3

o Seamless integration with SE BIMS ON Site - oo g
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1 Chiller operation

. . 2 Nos. Of Chiller Based on Run time . . .
Day time operation . | Maximum 2 Nos Based on Runtime priority
Priority
1 Nos.Of Chiller Based on Runtime  Max 2 Nos, Most Efficient chiller from prioroty chiller 1 and 2, if

Evening / Night operation
g/ Night op Priority only one chiller to operate. Based on chiller performance analytics

2 Chilled water pump

. . 2 or 1 Nos. of Pump based on Cooling load, flow and Differential
Day time operation

2 Nos Of Pump pressure requirement
. . . 2 or 1 Nos. of Pump based on Cooling load, flow and Differential
Evening / Night operation )
1 Nos of Pump pressure requirement

3 Condenser water pump
. . 3 or 2 Nos. of Pump based on condenser water system Optimization
Day time operation .
2 Nos Of Pump analytics
3 or 2 Nos. of Pump based on condenser water system Optimization

Evening / Night operation
g/ Night op 1 Nos of Pump analytics

4 Cooling tower

3 or 2 Nos. of Cooling tower based on heat rejection, Condenser
2 Nos Of Cooling tower water return temperature and cooling tower approach

3 or 2 Nos. of Cooling tower based on heat rejection, Condenser

Day time operation

Evening / Night operation . .
1 Nos of cooling tower water return temperature and cooling tower approach
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iPM assumes full plant control and ———————
. . . OPTIMISE  OPTIMISED (ElALIE, DATE,
optimization of the plant (w/on  (wfon)
0.63 0.54 14%
It utilizes on-board, real-time analytics,
diagnostics and M&V system to continually ~
readjust chiller plant for optimal performance [¥°
1 1 0.55 ;I‘
Optimized performance: 0.54 kW/RT £
14% savings in average, with up to 22% T
reduction on energy consumption during OO 2

Chille

9:36 AM

.;c: ‘g."f; ."3. ", . :
S e

r plant Efficiency

K

o

« Optimized Efficiency

* Pre optimized Efficiency

12:00 PM 2:24PM 4:48 PM 7:12 PM 9:36 PM 12:00AM

24 Hours Time span

normal operation (lower savings during school
holiday periods)

ROI: 14 months
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E FDaIKIN (Planti/a

Plant Control Status Plant Performance Cooling Load Plant Demand Distribution

6.69 48 %

0/
0.53 1277.0 kW 26345 kw

CHW Temperature CW Temperature Weather Comm Status

8.04 °C 26.60 °C | 29.71 °C

— Mecwork  Device
Sates  Fauls

wae | 72.45 % |

Flant COF History Plant Load History
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Cd o < Udld DUC
Unit Learning
Heat Balance Cutoff 10 %
Model Generation Interval 24 hrs
Estimated Pump Power 33.00 kW
Chiller Model w/ CW Flow
Data Samplingnterval ¢ ModelType  Manual A3 0.024529525346587
Dataset Starttime 0082022 O 07:00 sm - A4 0.000050271940591
0 514625 Al
Dataset Endtime ) /10,2022 3 07:00 am 5 7.604085146256 0.000000011323 AS 0.002888826874455
Model Generation Interval 54 1. A2 0044097911449 A3 0043345676995
Generate Model
Hest Balance Cutoll 1 o M 0.000072734419 A5 0.000710874761
Prioritized Data Time Window 15 0 % 0258181316120 AT 0.002191506001
L 0.000000000025 o 0.000235040099
User-defined Model Model Coefficients
“
A0 7604085146256
A1 0.000000011323
= A2 0.044097911449
A3 0.043345676995
M 0.000072734419
A5 0.000710874761
A6 0258181316120
AT 0.002191506001
A8 0.000000000025
. A9 -0.000235040099
e .
e 2o e IS A P o o - o . Y =

CHWT=6.70°C/CWT=29.40°C Design CW Flow
CHWT=5.70°C/ONT=29.40°C S0% OW Flow

Lod ()

CHWT=6.70°C/CWT=23.90°C Design CW Flow
CHWT=6.70C/OWT=23.90°C 50% OW Flow

CHWT=6.70°C/CWT=18.30°C Design CW Flow
CHWT=5.70°C/CWT=18.30°C S0% OW Flow

COP (kWr/ kW)

Model Chart

Chiller Model based on User-Input Coefficients

125
0
75
CHWT=6.7C/CWT=29.4C
4~ CHWT=6.7C/OWNT=23.9°C
s - CHWT=6.7C/OWT=18.3°C
25

User-defined Model

A0 2.480991999170993 A3 0.024529525346587
Al 5.286475530077219 M 0.000050271940591
A2 0.008448548355203 AS 0.002888826874455
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Condenser Water System Optimisation

=8 " DAIKIN (PlantMai . Model Predictive Optimization

=-_ District Energy

= LATAM Conference 2023
i SEP 27 - 29 | CARTAGENA | CO

OPTIMIZATION HEADERED CW FLOW Optimal CW Flow
OPTIMIZATION

Headered CW Flow

Headered Group 1

Optimal Total Power

Summary

61.22%

Max CW Delta Limit
100.00 %

Max Control Limit
o0s

26s

65.30%

65.30 %
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Condenser Water System Optimisation

400
o PP O °®
350 ver v o]
. . _—
. ‘e cw
Lt $9, o
300 = — e i i % .i’o
< '¥$MJ’.' B e Q "
& s 8% PLEN
= 3o 5 “
250 |-= o ° °
- ;AT
+ odd tt
[=9 .
2 . * o
200 |5
a
o
=
<
150 |2
o
w
[%]
=
a
100 - « 1st Optimized CH KW + CDWP KW
Q
* Pre Optimized CH KW + CDWP KW
50 5 = g o 2nd Optimized CH KW + CDW KW
. . . = °
SRk “aa COOLING LOAD
0 ‘a.'o .. i‘ - ‘. :
0 100 200 300 400 500 600
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Power consumption comparison

Before and after daily average kWh consumption of
Block 04 chiller plant during term holiday
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Before and after daily average kWh consumption of
Block 04 chiller plant during normal operation

2500.00

2300.00

2100.00

1900.00

1700.00

1500.00

1300.00

kWh

MON

TUE

DAILY KWH AVG-
BEFORE OPTIMIZED

e DAILY KWH
AVERAGE-AFTER
OPTIMIZED

WED

Day

THU FRI

4000.00

3800.00

3600.00

3400.00

3200.00

3000.00

2800.00

2600.00

2400.00

2200.00

2000.00

kwh

e DAILY KWH AVG-AFTER
OPTIMIZED_AVG

DAILY KWH AVG BEFORE
OPTIMIZED

’—/’\

Day

MON TUE WED THU FRI
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CHILLER PLANT DAILY EFFICIENCY CHILLER PLANT EFFECIENCY - CHILLER PLANT ENERGY CONUMPTION

KWH
B CHILLER 0.41
SUN

CHWP  0.03 I MON 9405.200 ( )
CDWP 0.04 "".” KWH Saved
Wcr 0.03 . WED

]
TOTAL  0.51 k= |T'”ll
R

W saT

Ton CO2 Saved

GREEN HOUSE GAS EQUIVALENCIES

CHILLER PERFORMANCE HEAT BALANCE CHILLER PLANT EFFECIENCY 1513.108 154.245 -

0.16 0 CHPLANT EFF 0.51  BENCH MARK EFF Incandescent to
CH cop Compressor Load Approach o 5 shocs

Liter of Diesel LED

z - ) 16256.24 494920
BE !no"l(\)l ARK 40 P . : Km Driven by m .\m’]u ll":h»;u'
I > Car Chargec

CARBON EMMISION FACTOR 0.4080 CO2/KWH -MM-YYYY HH:MM
0.0

CHWP CDWP & CT PERFORMANCE
cop

proach CHWP1 KW CHWP 2 KW

: : L CDWP1 KW CDWP2 KW
0.0 .
BENCHMARK ¢ ; p ! ) "
e o s . J CI\ 4 P >

-
BENCHMARK N AR N A
PR = < BEN( nN \RK BI VIKI\CJ ARK BENCHMARK
. . v Y w
€. crz c13 CHWP 2 KW e ) = KV
, - CHW D1 CHWRT CDWP3 KW CDW DT s
0.0 - - . D

B E : - g | y CHW DY e : COW DT 0.0
COND EVOP r ™ : 0.0 CHWRT b g
BENCHMARK 0.0 :

0.0
BENCHMARK
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