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Total Cost of Ownership ; : S—
Setting your system for great payback .=

Where is money spent over
a 30 year lifetime?

First Cost 4.9%
Service 6.6% e, RIS

A
88 5%

30 Year Investment

A Balanced Approach, with a Focus on Efficiency



Chiller Plant Efficiency

New Technology  High-efficiency Conventional Older Chiller Chiller Plants with
All-Variable Speed Optimized  Code Based Plants Correctable Design or
Chiller Plants Chiller Plants Chiller Plants Operational Problems

\
FAIR
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C.O.P. (7.0) (5.9) (5.0) (4.4) (3.9) (3.5 (3.2) (2.9)

AVERAGE ANNUAL CHILLER PLANT EFFICIENCY IN KW/TON (C.O.P.)

(Input energy includes chillers, condenser pumps, tower fans and chilled water pumping)

Note: Based on electrically driven centrifugal chiller plants in comfort conditioning application
with 5.6C nominal chilled water supply temperature and open cooling towers sized for 29.4C
maximum entering condenser water temperature and 20% excess capacity
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Chiller Plant Efficiency

Optimal Guaranteed
Plant chiller
Efficiency performance

System
application &
control

strategy



Chiller Plant Efficiency
* Major Equipment for water-cooled chiller plant

- Chiller
- Pump




Chiller Performance
History of Chiller Efficiency

Chiller efficiency, COP

% TRANE

Centrifugal
>600 tons

Screw
150-300 tons

Scroll

<100 tons
Reciprocating
<150 tons
2.0
0-0 11 th
1977 1980 1989 1999 best
available

ASHRAE Standard 90.1



Chiller Performance
BEEO Requirement (2015)

% TRANE

Table 6.12b : Minimum Coefficient of Performance for Chiller® at Full Load
Air-cool
[Type of Reciprocating Scroll Screw VSD Screw Centrifugal VSD Centrifugal
compressor
Capacity | Below | 400 kW | Below |400kW & | Below |500 kW & | Below |500 kW & All Ratings All Ratings
Range (kW) | 400 kw | & above | 400 kW | above | 500 kW | above | 500 kW | above 9 9
Minimum
COP at 28 29 31
cooling (free 2.8 29 2.8 29 29 3.0 (36| (3.7)% 3.2 (4.0)%
air flow®")
Water-cooled
Type of Reciprocating / Screw VSD Screw Centrifugal VSD Centrifugal
compressor Scroll
low {500 to| Ab 00 to| Ab 00 to | Ab | 1000 | o, | 1000 | o,
Capacity Below |500 to|Above| o 1500 to| Above | o | 500to | Above | Below | .\ | Above | Below | .\ | Above
Range (kW) 500 | 1000 | 1000 500 KW 1000 | 1000 500 kW 1000 1000 1000 3000 3000 1000 3000 3000
9 k'w kW | kw kw kw kW kw kw W kw kW W kW
o 5 493
Minimum
4.7 49 5.2 5.1 5.5 5.6
CO_P 4.2 4.7 5.3 4.8 5.0 55 (6.11% |(6.3)%(6.7)% 5.7 5.8 (6.6)%](7.1)%|(7.2)®
(Cooling) 5 6%

Comprehensive review to be conducted in 2018, 2021 and 2024 respectively.




Chiller Performance

Centrifugal Chiller

Type of Refrigerant
Theoretical Refrigerant
Efficiency

Centrifugal Chiller
Cycle Efficiency

Drive Train Efficiency
Compressor Efficiency
Motor Efficiency

Chiller Efficiency

Direct Drive
(Hermetic Mech)

Multi Stage
R-123
0.433 kW/ton
(8.1 COP)

0.388 kW/ton
(9.1 COP)

100%
83.3%
95.5%

0.487 kW/ton
(7.2 COP)

Gear Drive

(Hermetic Mech)

Gear Drive
(Open Mech)

=, ]

Single Stage
R-134a

0.460 kW/ton
(7.6 COP)

0.415 kW/ton
(8.5 COP)

98.1%
80.4%
95.0%

0.554 kW/ton
(6.3 COP)

Single Stage
R-134a

0.460 kW/ton
(7.6 COP)

0.415 kW/ton
(8.5 COP)

97.9%
81.8%
95.0%

0.545 kW/ton
(6.4 COP)

% TRANE

Direct Drive
(Hermetic Mag Lev)

fob o o2

Multi Stage
R-134a

0.460 kW/ton

(7.6 COP)
0.415 kW/ton
(8.5 COP)

100%

78.8%

97.0%

0.543 kW/ton
(6.5 COP)



Chiller Performance
Efficiency Comparison — Index Rating

AHRI Definition of Integrated Part Load Value (IPLV/INPLV

IPLV =
45% . 12%
C =kW/Ton @ 18.3°C (65°F) @ 50% Load

emperatures Expected Entering Tower Water D = kW/Ton @ 18.3°C (65°F) @ 25% Load

AHRI Conditions: Chilled Water: 54 ° /44° F (12.2° /6.6° C)
Condenser Water: 3 GPM/Ton (0.054 L/S/kW)

23.9°C (75°F)

18.3°C (65°F)

Real World Chillers Operate at Real World Conditions
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Chiller Performance %
Efficiency Comparison — Index Rating vs. Real-World

Hong Kong (Two Chiller Plant)

Custom Analysis versus Generic NPLV Estimates
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55°F(@13°c) 60°F(@6°C) 65°F(18°C) 70°F(21°C) 75°F(24°C) 80°F(27°C) 85°F(30°C)
Entering Condenser Water Temp

Where Do The Chillers in Your Plant Run?




Chiller Performance
Real Payback Require Real Analysis
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Chiller Performance

% TRANE

Real Payback Require Real Analysis

TRACE " 700

HVAC load design and analysis software

Powerful modeling capabilities

Compliant calculation methodologies

TRACE 700 calculations apply techniques
recommended by the American Society of
Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE). The program is
tested in compliance with ASHRAE
Standard 140-2007/2011, Standard Method
of Test for the Evaluation of Building Energy
Analysis

Computer Programs, and it meets the
requirements for simulation software set by
ASHRAE Standard 90.1-2007/2010 and the
LEED® Green Building Rating System.

5 ;'RACE

00

Chiller Plant
Analyzer ,




Chiller Plant Efficiency S mwe

Pump Performance

* Hydraulic Power Py, =9 0 g h/ (3.6 x10°)
- g = flow capacity (m3/h)
p = density of fluid (kg/m?3)
g = gravity (9.81 m/s?)
h = pump head (m)

* Pump Head is the total resistance that a pump must
overcome

- Static Head

- Friction Head
- Pressure Head
- Velocity Head

13



Pump Performance
Pump Head Calculation

amiaw

*Never oversize pump

Select pump duty point for === = P .
best efficiency —+ : SSESE=
i = : eSS
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Pump Performance
Reduce Friction Loss

TRANE

15
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Pump Performance
Pump Head Calculation — BEC 2015

BEC 2015 Chapter 6 Energy Efficiency Requirements for Air-conditioning Installation

6.9 Frictional Loss of Water Piping System

6.9.1 Water piping with diameter 50 mm or below should be sized for water flow velacity
not exceeding 1.2 m/s.

£.9.2 Water piping with diameter larger than 50 mm should be sized for frictional loss
not exceeding 400 Pa/m and -

{a)  water flow velocity not exceeding 2.5 m/s for system that operates under
non-variable flow condition; or

{b) water flow velocity not exceeding 3.0 m/s for system that operates under
variable flow condition.

* Pressure drop per unit length
- 2.5m/s @ 200mm pipe
- 240 Pa/m with 89.7kg/s

CIBS
Flow of Fluids in Pipes and Ducts

16
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Pump Performance
Pump Head Calculation

* Friction Losses in Elbow (equv. length) Fcon s Pon i
o m,:w:mma
- 18 Feet (90 ElbOW) feet olb-uuhSunﬂlvd“Pt’“pbemm. =Y
* Pressure drop LB M::mw'mm
18 /3.3 x 240 Pa/m e
= 1.309kPa | > r e
*  Pump Power Consumption e ""ﬁi”f—:" O S
1.309 x 89.7 /0.7 / 0.93 / 1,000 I = . o
"?-/. '/ _E?k E 1 1
=0.18 kW 3

* Annual Operation Cost
0.18x12x365x1.2
= HKD946




Pump Performance
Pump Head Calculation
* Friction Losses in Elbow (equv. length)
- 10 Feet (45° Elbow)
- 18 Feet (90° Elbow)

* Pressure drop difference
(18-10) / 3.3 x 240 Pa/m x 2
= 1,164Pa = 1.164kPa

*  Pump Power Consumption
1.164 x89.7/0.7/0.93 /1,000
=0.16 kwW

* Annual Operation Cost
0.16 x12x365x 1.2
= HKD841

% TRANE

Friction Losses in Pipe Fittings

T Example: The dotted line shows that
the resistance of a t-inch Standard El-
bow Is equivalent to approximately 16
feet of b-inch Standard Pipe.
Note: For sudden enlargements or sud-
den contractions, use the smaller diame-
ter, d, on the pipe size scale.
.
te Vs |
—
Y
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Pump Performance
Reduce Friction Loss




Pump Performance
Reduce Friction Loss
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Pump Performance
Reduce Friction Loss

‘ff\‘\ \\
‘\ :
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Pump Performance

22



Pump Performance % TRANE

Reduce Friction Loss

Optimal chiller plant layout and careful selection of low
pressure drop devices reduces pressure losses

23



Pump Performance
Simplify Piping Layout
* Friction Loss in 100% open balancing valve
- Nominal Size: 200mm
- Flow Rate: 89.7I/s
- Pressure drop = 17.8kPa
*  Pump Power Consumption
17.8x89.7/0.7/0.93 /1,000
= 2.45 kW
* Annual Operation Cost
245x12x365x%x1.2
= HKD12,877

24
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Pump Performance
Simplify Piping Layout

Water-cooled chiller

—— “-_—_———_‘-w
|55 7 i

Condensing _=oZ==zzosmse=== -

water pump L,ﬁ@ru@ g .| e
EREREREREER o #4;

»-Ef EJ@ J'____ Chilled water pump

HHJHAH ) Cooling

25



Pump Performance
Simplify Piping Layout

THHIHTHTETH
Apply low friction-loss fitting
*Reduce overall pressure drop

o H e Bt B

Equal pipe length for se

If-balancing

Eliminate balancing equipment

26
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Pump Performance
Reduce Friction Loss

Increase the pipe diameter of the system
Minimize the length of the piping in the system
Simplifying the layout as much as possible

Minimize the number of elbows, tees, valves, fittings
and other obstructions in the piping system

Reduce the flow rate

27



Cool More or Pump More? % TRANE

* Pump efficiency = 70%
COP = 0.7
e Chiller COP=7.0

* Chiller COP = 10x the pump COP

Conclusion:
work your most efficient equipment harder

28



System Enhancement
Earthwise Application

* Low Flow
* Low Temperature
* High Efficiency Systems

chillers

29
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System Enhancement %
Earthwise Application

Supply temperature Flow rates Fans

T ¢ @
D
D
O

-

: . Pum
Temperature differential P

W v
/ — e
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System Enhancement
Why Consider Variable Primary Flow (VPF) Now?

* Chiller control sophistication
e Operating cost savings
- Pump energy
- Response to low AT Syndrome

; el
Variable
$3,539 2 12.0C 7.0C
st ' Primary ‘
o design -
4 3000 12.0C 7.0'C
had a "
3 2500 -
e 12.0°C 7.0C
2 2000
§ 67 Ips I~ |
£ (each) ONS Te—
2 1800 12:00C " 7.0°C ]| Total Tonnage
£ chiller/
?‘ con\pressgr .......... AP .......... I,GOOTR
§. 1000 (typical) Y
e = ahw pump 12.0C - P
constant  variable 12.0C 7.0C
primary flow  primary flow 268 Ips 268 lps
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Variable Primary Flow (VPF)

Advantages

Reduces capital investment
Saves mechanical-room space
Simplifies control

Improves system reliability
Improved chiller performance

C% _ Check
d Valves

=)

Variable-Flow- Chiller 2

Chiller Pumps Optional
"Bypass”
Multiple
. Three-Way
_’_@—{ —{S—— System Coils, Valves May Be
I v Two-Way Control Valves Required

Chiller1 =

=L

Control Valve
For Minimum Chiller Flow

1 «

0

32



Variable Primary Flow (VPF)

Improve chiller performance

0.80
0.75
0.70
0.65

S

= 060
055
050

045

CenTraVac Part Load Performance CTV-1
% Load vs. kW /ton --using ARI Relief Method

10 20 30 40 50 60 70 80 90 100
% Load
Version 24.08, REVL 55066
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Variable Primary Flow (VPF) ~

Improve chiller performance

kWiton

0.95

0.90

0.85

0.80

0.75

0.65

0.60

055

CenTraVac Part Load Performance CTV-1

% Load vs. KW /ton --using Constant Condenser Method

\

\

\

primary/secondary

™~

\.\F variable primary

I P ————

20 30 40 50 60 70 80 90 100
% Load
Version 24.08, REVL 55066
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Variable Primary Flow (VPF) % TRANE

Three Key Application Requirements

* Chillers must be able to accommodate a change of
flow of at least 10% per minute; 30% or even 50%

IS even better
* Minimum and maximum flows must not be violated
* A bypass is required to maintain minimum flow

35



Chiller-Tower Optimization (CTO) é TRANE

Optimal condenser water control

400
B
' M

300

energy consumption, kW
N
o
o

20 22 24 26 28 30 32
condenser water temperature, °F
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Chiller-Tower Optimization (CTO) % TRANE
Dependent On?

* Chilled water plant

- Tower design

- Chiller design
= Centrifugal
= Helical rotary
= Variable speed drive
= Absorption

- Changing conditions
= Chiller load
=  Ambient wet bulb

37



TRANE
System Enhancement %

* EarthWise Application
- Low flow, low temperature and large AT system

* Variable Primary Flow
e Chiller-tower Optimization




Energy Approach % TRANE

|
|
Walk Customer | System Energy Turn Key
Through | Needs Design |} Analysis Project
| j J A ) &

PERFORMANCE MANAGEMENT

39



Energy Approach % TRANE

Baseline Energy Consumption

Electricity Fee

1,200,000
1,000,000
&
i 800,000
g —A— 2008
|_
. 600,000 2000
2 —8-2010
© 400,000
@
L
200,000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

40



Energy Approach % TRANE

Strategies for chiller upgrades & optimization

* Correctly Size the New Equipment

* Proper Chiller plant design
- System Schematic
- Layout
* Implement of Chiller Plant Control

41



Energy Approach

Correctly Size the New Equipment

* Determine actual building load
- From BMS/operation log
- Estimated from electric bill

1,200,000
1,000,000
800,000
600,000

400,000

Electricity Tariff (HK$)

200,000

Electricity Fee

Annual Electricity Fee— HKD8,711,063 @ 2008

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

—&— 2008
=—2009
=-2010

Electricity Fee for Chiller Plant = HKD5,662,191 (65% of overall)

42



Energy Approach

Correctly Size the New Equipment

* Determine actual building load
- From BMS/operation log
- Estimated from electric bill
* Downsize Chiller if possible
- Match with cooling load profile
- Reduce initial cost and payback period
* Replace with higher efficiency chiller
- Improve overall savings

43



Energy Approach % o

Correctly Size the New Equipment

* Energy Analysis

- Employ TRACE 700 Chiller Plant Analyzer for plant
configuration comparisons

- Input existing energy profile for analysis

- Calculate the energy and economic effects on different
configuration

CHILLER
PLANT
ANALYZER




Energy Approach % TRANE

Correctly Size the New Equipment

Manthly HYAC Energy

Pt D 10 A
Pttty [T 2] 900000 - Chiliert ]

Manthly HVAC Energy W1 Ol Plant

CondT F
wEHE ok Fans (VW)

g Actassanss (MWH)

00000 -
1=
r 5 700000
5

Miscetmneous | weather | B00000

oo P 500000

e i 400000

= A1 0K Plant
= Cpl 1: Cookig plant - 000 300000
-0
e
om
004
5 i-cocked chiles - 005 200000
006
o
08
] 100000

1: Budes
A2 News Flani [BOOTR & 3)

Jan Feb Mar  Apr May  Jun Jul Aug  Sep Oct Nov  Dec

& 3| [Vorsbip VAL Energy wl  Sew | Do | Dee |
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Energy Approach % TRANE

Correctly Size the New Equipment

* Alternative 1
- 2 no 600 TR water-cooled centrifugal chiller
- 1 no 600 TR water-cooled centrifugal chiller c/w AFD

* Alternative 2
- 2 no 750 TR water-cooled centrifugal chiller
- 1 no 300 TR water-cooled screw chiller

Total 1,800TR cooling capacity will be
provided

46



Energy Approach % TRANE

Correctly Size the New Equipment

Alternative 1 Alternative 2

A

Wbl Hi A Enagy
a0
H 00000
rrrrr {
00000 -
a0y
000
0000
oo
IR e R e aEeEa e
ae Fm M Ar My dn M kg Sm 04 Nhe Om
8 Pkl D) tes | bwe | e | < iy 5 tes | b | b |

Annual Saving:
HKD 2,287,377 (40%) HKD 2,084,079 (36.6%)

a7
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Energy Approach %
Chiller Plant Design (Schematic)

Review of Existing System Arrangement
Consideration of System Change-over / Migration
Select chilled / condensing water distribution system

Decide equipment design condition
(e.g. Chilled Water Temp, Cooling Tower Approach)

Properly size pipe sizes

Associated system design
(e.g. Make-up / bleed off system, chemical treatment system)

48
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Energy Approach %
Chiller Plant Design (Schematic)

A — Chemical Condensing
e Treatm_ent =\Water
= amz:.ﬂl ~ Chiller I Pump s

]
= Chilled Water
~—Cooling Tower Pump—— =3
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Energy Approach %
Chiller Plant Design (Layout)

e Satisfy statutory requirement
* Sufficient space for maintenance and service
* Minimize water pressure drop

50



Energy Approach
Chiller Plant Design (Layout) |
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Energy Approach %
Chiller Plant Control

|- il LICIR ﬂ

T Tomcws Dovunst
™ - Chiller Plast Schematic
<

woc1 59
2208 [Ounlon A% Temperanue 393 Deg
ey Dol A Py ]398 %
o DOC Corvmsonon
Dttvoress Brows Vb
Fedhbont |

pRmr— Expamicn Task

%y

%

B

%\

-1

Q
2
b

o g, s P I 13 34 B0 Uwr TRACER 20 HEXHVAB

Comprehensive control system with Cooling Tower Optimization
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Energy Approach
Chiller Plant Control

* Fully Automation

* Trend log for major
equipment

* Alarm Management




Energy Approach % TRANE

Summary

System analysis for plant configuration design
Select high efficiency for better energy saving

Consider pressure drop and future maintenance
during pipework and layout design

Reliable Chiller Plant Control System
Monitor the system performance after installation
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Gh) Ingersoll Rand.



