


Objective of PresentationObjective of PresentationObjective of Presentation

1. Current EER Regulation

2. Identifying The Need For Change

3. Embrace New Technology 



EER – Energy Efficiency RatioEER EER –– Energy Efficiency RatioEnergy Efficiency Ratio

Standard 540-2004 spells out conditions at 
which Refrigeration & A/C Compressors 
need to be tested for Publishing 
Performance Rating Data

ARI Test Standards

Existing EER Measure EER is a Standardized Measure of 
Compressor Performance

EER= (Cooling capacity in Btu/hr)/ (Input power in watts)

Standard Rating Condition for Compressors and 

Compressor Units for Commercial Refrigeration

Application

Suction Compressor Condensing Return Gas Subcooling

Temp. Type Temp. Temp

F° F° F° F°
45 All 130 65 15



EER – Energy Efficiency RatioEER – Energy Efficiency Ratio
� Current EER Standards – ASHRAE 90.1 minimum energy efficiency 

limits – October 1, 2001

� Proposed EER Standards – Integrated Energy Efficiency Ratio (IEER) 
values to replace IPLV values as per –
January 2010

– ASHRAE 90.1 – 2001 – New minimum

energy efficiency limits – January 2010



EER – Energy Efficiency RatioEER – Energy Efficiency Ratio





Objective of PresentationObjective of PresentationObjective of Presentation

1. Current EER Regulation

2. Identifying The Need For Change

3. Embrace New Technology 



�Demand for Energy Increasing

�Distribution Limitations

�Legislation

�Public Accepting Global    

Climate Change Is Reality

�Refrigerant Phase out
•“Green is In”

End Users Designing “Green” System 

& Forcing OEMs To Change Less Refrigerant 

Charge & Higher Efficiency

Nuclear

Coal Fired

Power Distribution

Higher Energy Cost

Higher End User Operating Costs

Profit Margins Shrink

What is Driving the Change ?What is Driving the Change ?What is Driving the Change ?



Precision AirPrecision AirPrecision Air

“Installing Carefully 
Designed Mechanical 
Systems that Include 
Efficient Compressors, 
Condensers and 
Evaporators Does Not 
Guarantee Optimum 
Temperature / Humidity 
Control, Maximum Energy 
Efficiency and Lowest 
Refrigeration Operating 
Expense.”
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Efficiency ChallengeEfficiency ChallengeEfficiency Challenge

The Challenge for System 
Designers, Manufacturers, and 
Operators is to Find Effective 
Ways to Modulate the System 
Compressors, Condenser Fans, 
Expansion Valves, Pressure 
Regulators and Other 
Components, to Achieve Stable 
and Reliable System Operation 
and High Efficiencies While at the 
Same Time Closely Controlling 
Precise Temperature.

The Challenge for System 
Designers, Manufacturers, and 
Operators is to Find Effective 
Ways to Modulate the System 
Compressors, Condenser Fans, 
Expansion Valves, Pressure 
Regulators and Other 
Components, to Achieve Stable 
and Reliable System Operation 
and High Efficiencies While at the 
Same Time Closely Controlling 
Precise Temperature.



Expansion
TXV

Evaporating Evap. and Suction
Line Superheat

Compression

Desuperheat Discharge GasCondensing

Enthalpy  ( BTU/LB )

P
re

ss
u

re
Typical Pressure Enthalpy Diagram

1 lb

External Variables
�Load
�Ambient

Effect
Suction Pressure
Head Pressure
Liquid Quality
Capacity
Energy Usage



Stabilize Suction PressuresStabilize Suction PressuresStabilize Suction Pressures

At the End of the Day the 

Key Factor in Maintaining 

Precise Temperature and 

Humidity Control

is Suction Pressure

At the End of the Day the 

Key Factor in Maintaining 

Precise Temperature and 

Humidity Control

is Suction Pressure

1 lb

If Suction Pressure is Constant, If Suction Pressure is Constant, 

the Evaporator Pressure is Constantthe Evaporator Pressure is Constant

Which in turn Yields a Higher Average Which in turn Yields a Higher Average 

Suction Pressure Thereby Reducing EnergySuction Pressure Thereby Reducing Energy



Objective of PresentationObjective of PresentationObjective of Presentation

1. Current EER Regulation

2. Identifying The Need For Change

3. Embrace New Technology 



ICE Western’s 
Capacity Modulation Solution
ICE WesternICE Western’’s s 
Capacity Modulation SolutionCapacity Modulation Solution

Digital Scroll
(10 to 100%)

EC3-D72
Digital Scroll & 
Valve Controller

Electronic Valve (10 to 100%)

AC-Tech VFD



Ambient
Condensing
Discharge



Maintain Liquid Subcooling
and Prevent

Liquid Line Flash Gas.

Maintain Liquid Subcooling
and Prevent

Liquid Line Flash Gas.

Why use  Head Pressure Control ?Why use  Head Pressure Control ?



� Effect of condensing temperature

Floating Head Pressure Vs Fixed 
Summer
Floating Head Pressure Vs Fixed Floating Head Pressure Vs Fixed 
SummerSummer

Ambient temperature variation during one day
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� Effect of condensing temperature

Ambient temperature variation during one day
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Floating Head Pressure Vs Fixed 
Spring and Fall
Floating Head Pressure Vs Fixed Floating Head Pressure Vs Fixed 
Spring and FallSpring and Fall



Energy savingEnergy savingEnergy saving

Power input
Power input at +45°F evaporating temperature
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Energy savingEnergy savingEnergy saving

• Capacity and power input
Capacity and power input at +45°F evaporating temperature
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Floating Head PressureFloating Head PressureFloating Head Pressure

“for every 1 psig Decrease in discharge pressure, compressor power

Is reduced approximately 0.5%”

“for every 1 psig Decrease in discharge pressure, compressor power

Is reduced approximately 0.5%”

Abtar Singh, 
PH.D., 

CPC



Evaporating

C
o

n
d

e
n

s
in

g

ARI Rating

HT = +45°F  / 130°F

Power input

85 105 125

Condensing temperature °F

6

7

8

9

10

11

12

13

14

P
o

w
e

r 
in

p
u

t 
k
W



Existing Designs

Benefits of Emerson’s Electronic Valve
Gate Port Design
Benefits of Emerson’s Electronic Valve
Gate Port Design
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Stroke / Steps

EX- Valve 

(Linear C
apacity

 Per S
tep)

100%

100%

50%

50% 80%

10%

Emerson EX Emerson EX –– ValveValve

Gate Port DesignGate Port Design

Valve    Capacity Range       Travel Time
EX4 =        0.5 - 5T,      750 Steps / 1.5 Seconds
EX5 =      1.5 - 14T,      750 Steps / 1.5 Seconds
EX6 =         3 - 34T,      750 Steps / 1.5 Seconds
EX7 =         9 - 94T,   1,600 Steps / 3.2 Seconds
EX8 =     25 - 250T,   2,600 Steps / 5.2 Seconds



EXV vs TXV, port designEXV EXV vsvs TXV, port designTXV, port design

Fully close

M

Fully open

M



“EX” port design  (100% down to 10% 
Range)
““EXEX”” port design  (100% down to 10% port design  (100% down to 10% 
Range)Range)

open closedpartial open



Compression Area

Scroll Compressor - ConstructionScroll Compressor Scroll Compressor -- ConstructionConstruction

Motor

Crankshaft

All scrolls use 2 pole motors operating 

at 3500 rpm



Both  Sides Pump At OnceBoth  Sides Pump At Once

Med.

Pressure 

Cell

Low

Pressure 

Cell

High

Pressure 

Cell

Center

Discharge

Continuous Compression Continuous Compression 



Digital Scroll Movement During OperationDigital Digital Scroll Movement During OperationScroll Movement During Operation

Floating Seal

Fixed 

Scroll

Orbiting 

Scroll

PWM Signal

Scrolls Separated 

– No Pumping

Scrolls In contact 

- Pumping

1 mm



Copeland Scroll Digital™
How It Works - Animation
Copeland Scroll DigitalCopeland Scroll Digital™™
How It Works How It Works -- AnimationAnimation



Copeland Copeland ScrollScrollTMTM Digital Compressor OperationDigital Compressor Operation

Loaded (1)
Full Capacity

1.0 mm Scroll

Separation

Unloaded (0)
Zero Capacity

Time (sec)
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20 40 60
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80
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Copeland Scroll DigitalTM Power Savings Copeland Scroll Copeland Scroll DigitalDigitalTMTM Power Savings Power Savings 

Copeland 
Scroll Digital

Hot Gas By-Pass

Copeland Scroll Digital Reduces

Power Consumption Linearly

As It Modulates Capacity

Energy 
Savings



In Multiple Compressor ApplicationsIn Multiple Compressor Applications



Digital Modulation Over Larger CapacitiesDigital Modulation Over Larger CapacitiesDigital Modulation Over Larger Capacities

� Digital Can Be Used In 

Parallel With Fixed 

Capacity Scrolls To Get 

Even Wider Range Of 
Capacities

� Power Savings Still Follow 

The Same Line

� Leverages The Cost And 

Capability Of One Digital 
Over Larger SystemsFixed

Capacity

#1

Fixed

Capacity

#2

Digital

Digital

Digital

Fixed

Capacity

#1
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Digital Scroll Offers Superior Part-Load 
Efficiency Versus Hot Gas By-Pass
Digital Scroll Offers Superior PartDigital Scroll Offers Superior Part--Load Load 
Efficiency Versus Hot Gas ByEfficiency Versus Hot Gas By--PassPass

% Full 

Capacity

Hot Gas 

By-Pass 

EER

Digital 

Scroll 

EER

IPLV 

Weighting

25% 2.9 6.3 12%

50% 5.7 8.2 45%

75% 8.6 10.0 42%

100% 11.5 11.3 1%

Integrated 

Part Load 

Value

6.7 8.8 100%

6.7

8.8

Part-Load Efficiency (IPLV)

Hot Gas By-Pass Digital Scroll

30% Part-Load Efficiency Improvement With Copeland 
Scroll Digital!



Digital AdvantageDigital AdvantageDigital Advantage

� Precise Control Of Suction Pressure And Temperature

– Minimum Temperature Fluctuation 
– More Consistent operation of mechanical valves and regulators

� Reduced Cycling Of Compressors

– Longer Contactor Life

– Longer Compressor Life
– Reduction in Inrush Current

� System Efficiency Improvement

– Eliminates Over/Under Shooting Of Suction Pressure Set Point
– Potential To Run System At Higher Suction Pressure Set Point



Stand Alone Superheat ControllerStand Alone Stand Alone Superheat ControllerSuperheat Controller

EC3EC3--X32X32



Option 1

Direct connection to an

individual PC

– It requires “cross over/link” cable

– Configuration of TCP/IP of PC

• TCP/IP Network knowledge required

Router

Option 2
Router with DHCP-Server 
Automatically assign dynamic
IP-address for PC and 
EC3-X32

Optional: ECD-002

EC3-D72

Superheat and Digital 

Synchronization Controller



EC3 and EX Valves
Superheat Controller and Electronic Valve

EC3 and EX Valves
Superheat Controller and Electronic Valve
Benefits:

1. Precise Temperature Control

• 10 to 100% Capacity Modulation

2. Saves Energy / Operating Cost

• Quicker Pull Down, Without Adjustments

• Reaches Set Point Faster

• Reduces Run Time

• Tighter Superheat Control

3. System Protection

• Prevents Compressor Flood Back from Burnt out 

Evaporator Fan Motor

• Alarm Notification IE Low Superheat

4. Simplifies System with Added Flexibility

• Reduces Commissioning Time / Labor Cost

• Lower Refrigerant Charge Due to Low Floating Head



ICE Western Digital Solution

Retrofit Option

ICE Western Digital Solution

Retrofit Option

Conventional

System

Conventional

System

• Fixed Capacity 

Compressor

• Mechanical TXV

•Solenoid Valve

•Hot Gas Bypass Controls

•Head Pressure Control

• Copeland Digital 

Compressor

• Electronic “EX” Valve

• Digital / EX Valve Control

•AC Tech SMV Vector VFD 



� Applications That See Large Daily Temperature Swings

Who Benefits From ICE Western Scroll 
Digital Solution?
Who Benefits From ICE Western Scroll Who Benefits From ICE Western Scroll 
Digital Solution?Digital Solution?

Schools Restaurants Natatoriums

Hospitals
Museums Telecom

�Applications With Tight Temperature/Humidity Control Requirements



ICE Western’s 
Capacity Modulation Solution
ICE WesternICE Western’’s s 
Capacity Modulation Capacity Modulation SolutionSolution

Digital Scroll
(10 to 100%)

Superheat & 
Digital Scroll 

Control

Electronic Valve (10 to 100%)

AC-Tech VFD



Thank YouThank YouThank You


