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AGENDA

Technical Requirements of Chillers in DCP

» Optimized Design parameters and Chiller Efficiency
Optimum Design Criteria

= Heat Transfer factors

= Addressing Design Criteria & Chiller Efficiency
Chiller Plant Efficiency

= System Part load Value

= Addressing Sustainability with Real World Efficiency

* Plant Room Evaluation Criteria

Case Study (Energy Cost Analysis comparison of 2 chiller
plants)



TECHNICAL REQUIREMENTS

Lowest cost of ownership over life cycle

Year-round energy efficiency Lowest installed cost
Minimum maintenance cost AHRI certified platform
Strong after market support Reliability
Foot print Sound
Plant room efficiency Seismic

“‘We may expect air conditioning to be operated as a public utility and applied to
extensive areas in our cities.”™ Willis Carrier, 1940



CENTRIFUGAL CHILLER IN ADCP
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RESISTANCES TO

HEAT TRANSFER

Resistant Layers
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EVAPORATOR TUBING MATERIALS CHART

Tubing Materials Chart

: Impact on
Application MTl:be. | Appg)())(lsf[nate I?; apa;:éif[)n Specific Power
ateria pacily consumption
Fresh Water | Copper Baseline Nil Nil
Glycols Copper I 1 1
Corrosive :
Water CuNi I I 1 1
Ti or
Sea Water CUN 11 [ ] | I |

Considering the impact on first cost and heat transfer
Changing Tube material should be done only if necessary
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TEMPERATURE EFFECT

Effect of Reduced Cooling Tower Water Temperature
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Efficiency
increased

approx 1.3 - 2%
forevery 1° F
decrease in CEWT
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0.35

0.3
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Entering Condenser Water Temperature

All points shown reflect a fully
loaded, 2500-ton centrifugal chiller



PRESSURE RATINGS

Myth: Higher pressure ratings are required

Pressure Rating

: Pricin Application
(psig) : 2
150 Standard Standard for DCP
300 ?? Required




TUBE THICKNESS

Impact of higher tube thickness

Cu Tube IKW / Pressure Price

Thickness TR Drop Impact

0.025in Baseline

0.028 in t t t
0.035 in t t t

Water Quality, Flow Rates, pressure drop and fluid velocity
Influence selection of tube thickness

Right chiller selections can help in selection of
optimized tube thickness



ENERGY EFFICIENCY

Year Round Energy Design f
Lift

Understanding and taking advantage
of the Compressor Map.

Capitalizing on part load (tons and we®==
bulb) conditions to Increase plant
Efficiency (SPLV)

Ton@100%) + (Wet@75% / kWTon@75%) + (Wer@50% / kW/Ton@50%) + (Wet@25% / kW/Ton@25%)] |

x COP@100%) + (Wet@75% x COP@TS%)+ (Wet@50% x COP@S0%) + (Wet@25% x COP@25%)




PLANT ROOM EVALUATION CRITERIA

Total number of starters and the electrical infrastructure cost
= Plant room footprint and associated cost
= Spares inventory cost

= Simplicity, reliability and maintenance

= Cost of sound insulation

» Plant room efficiency (chillers, pumps, CT)
= Maintenance of heat rejection contributors, water

= Redundancy comparison of the complete system
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CHILLER PLANT FLOW DESIGNS

Efficiency

Improvement Advantages
Parallel Reference Smaller and simpler plants
Series 3-4 % Better part load pump energy
Series 5-7% Best chiller energy performance
Counterflow

Upstream chiller (high-side) can not
perform as downstream one (low-
side).
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SYSTEM PART LOAD PERFORMANCE

Full load IKW/TR is easy but not very
accurate

CHILLER

SYSTEM
OPTIMIZER =

e

Operating cost of 2 chiller plants
with same full load IKW/ TR may be
different

Designer to consider

v' Weighted Performance at Real world
Conditions and Part Load
Customized Evaluation ¥ Pressure Drops
v Heat Rejection in the plant room
v' Cooling water Heat Rejection
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SEMI-HERMETIC ADVANTAGE

Refrigerant cooled motor keeps
motor heat out of the mechanical
room

Minimizes alignment, vibration
and shaft seal maintenance of

1. Motor Hest= 50 kW/ton x 1.000 tons x (1 - S5 motor 3. Lifetime Refrigerant Loss = 5.1 108 per fon x 296 lesk rste x
essciency) x 5,412 BTU/MWh years. Estimsted charge for 1000 fon chiler = 5100 i2s.
2. Sensible cooling load Q = 1.08 x cim x AT. CFM = 100 dhuh OpEn el Sasilic SO daEanalaid 17296 ¥ 406 Mnueaillyy.
O e I I l I l O O rS hest rejection per chiller ton / 1.08 x 20°F. System kW/Ton (296 cted Joc calculalinnd )
estimated =t 1.2 WW/Ton includes chiller pumps and AHU fan 4. Shaft Seal mentensnce_S7K every 4-7 years.
energy. Annusl sdded system losd = 1 26 x 5.5 kns x Oil Bottie routine inspection required.
5760 hours.

Power 1s Net KW /TR

Semi Hermetic Field Serviceable



ACO

USTICS IN ASEQUENCED PLANT

Chiller Loading / Unloading Profile

75.00%

L:/;d Capacity, TR clru?l'lg:s Egiﬂ =
100 30000 6 5000
83.30 25000 6 4165
83.30 25000 5 5000
75.00 22500 5 3750
66.67 20000 4 5000
50.00 15000 3 5000
40.00 12000 3 4000
33.30 10000 2 5000
25.00 7500 2 3750
16.67 5000 ! 5000

83.30% 83.30% 83.30% 83.30% 83.30%
75.00% 75.00% 75.00% 75.00%

80.00% 80.00%

75.00%

83.30%

80.00%

75.00%

Sound Attenuation Techniques

= Sound power at source
» |[nsulation at compressor discharge
» Compressor acoustic jacket lining

= Condenser water insulation
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WATER TREATMENT

Challenges
Water Availability

TSE Treatment

Cooling tower fill and tubes affected by:

e Scale
e Corrosion
« Sludge

« Contamination

Potential Solutions
Different Metallurgy in Tubes...performance
penalty

Water Treatment at Source

Closed type Cooling Tower



MANUFACTURER CAPABILITY EVALUATION

RTIFIED .

Certificate of Product Ratings

1Status: Active

AHRI Certified Reference Number: 71212 Date: 3/3/2010

Chilling
Model Designation: 19XR {561-507, S0/60 HZ)
Manufacturer: CARRIER CORPORATION
TraderBrand name: CARRIER
Rated a= follows in aceordance with AHRI Standard 550/590-2003 for Water Chilling Packages using the Vapor
mpression Cycle (Water-Cooled) and subject to verification of rating accuracy by AHRI-spons.
lndzpenﬂ!m third party testing:

Refrigerant Used: R-1344;
Compressor Designation: sez-so7

Compressor Type: Centrifugal

Software Version Mumber: Version 4.30c

Country OF Origin: Carrier Morth American Operations (USA)

+ Madels with an Active’ STIUs are those in T manufac-
Turer has slectedi to stop pducing, yet tock < anObsolete’ is racy

stop program

DISCLAAER

Gocs mat cndorae e procuctiz) dzied an
! expressly chciaims s Amty S amages of 2y Sk S 1A of e e ot Perioemance of e produciEl, e ane.
azima

TERMS AND COMDITIONS
. : . The
e any torm

cameres of iz Carcate may nat, i whaie or In part, copies
. excepi for Fe umer's Individusl, personal and confdential referenos-

e ARy e

CERTIFICATE NO.: _129121098506201657

Uity Carsnate- ik ana emier ihe AHRI Cartited
waz lzsed, which &2 Szted above, AN the Carmncate No., Wnich Iz IEied Deow.

2009 Air-Conditining, Heating, and Refrigeration Institute

International
Organization for
Standardization




MERITS OF AHRI CERTIFIED PERFORMANCE

AHRI 550/590 is an International
Standard defining performance
rating of Water chilling packages

Manufacturers sometimes require to
over rate the chillers to meet
tender requirements of ZT.

Compressor selection can be
optimized for actual operating point
and conditions, and need not be
done for hypothetical conditions

A3 CERTIFIED .

Certificate of Product Ratings

AHR Certified Reference Humber: T1212 Dabe: W32010
Product: Water-Coaled Chilling Pac
Maodel Desigration: T30 (361-507,

rrrrrrrrr mame: CARRIER

m dependent, third pary festing:

50T




SERVICE CAPABILITY EVALUATION

» Start up and commissioning

» Fully-manned operation and service contract

» Technical Capability Evaluation versus no. of technicians
» Local Presence & References

» Ready Availability of Spare Parts
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Tube cleaning Re-tubing Replacement Eddy current
services testing




ENERGY COST ANALYSIS 20000 TR DCP
Estimated Energy Savings

>$ 6.9 M over 25 years

Config(TR)

Ch W (F)

Co EWT(F)

Flow Cooler GPM

Flow Condenser

GPM

Chw Pressure

drop (ft)

Co Pressure

Drop (ft)

Fouling factor

Tube Thickness

(mm)

IKW/TR per 5000

TR

5000 x 4
40/56
94/105.4

7,500
12,500

19.8

19.7

0.0001 /
0.00025

0.025
/0.025

0.646

Power Cost : $0.12 / KWH

5000 x 4
40/56
95/106.5

7,500
12,500

20.7

21.9

0.00025 /
0.0005

0.025/
0.035

0.67/8

Impact on Efficiency
4.71%

CEWT

Fouling

Tube
Thickness

Total



ENERGY COST OF OWNERSHIP EVALUATION

Annual Cooling System Efficiency (kW/Ton)
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Cooling System Efficiency vs. Outdoor Air Temperature
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SUMMARY

Chillers operate <1 % at design conditions. Sustainability is achieved
by optimizing year round energy efficiency.

Implement optimized design parameters to reduce lift and increase
chiller efficiency.

International accreditations like AHRI , ASME, etc. secure the owner’s
Interest.

Comprehensive cost of ownership of chilled water plant room needs to
be considered.

Full load KW / TR is easy to evaluate but may not be the cheapest to
own.

Life cycle cost analysis should be used to select most optimal solution
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