
Using Zoom!

1

Mute yourself! Have a question? Use the chat feature.
Controls accessed at the bottom

Rename yourself: “Name (Company)”
Right click on your picture or 3 dots 
OR
Controls accessed at the right after 
clicking ‘Participants’ at bottom.

Access Chat at the bottom

Note: We will NOT be recording this workshopThis session will be recorded for those not in attendance!
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Thank You!

Sponsor:



Meet Your Trainers

Steve Koski, PE
Principal Engineer
Cascade Energy, Inc.
steve.koski@cascadeenergy.com

Tom Simenc, PE
Project Engineer
Cascade Energy, Inc.
tom.simenc@cascadeenergy.com

Please direct questions to sarah.moore@cascadeenergy.com



Meet Your Colleagues



Training Schedule

Sessions 1 and 2
§ Introduction to Refrigeration Systems
§ Compressors

Sessions 3 and 4
§ Condensers

Sessions 5 and 6
§ Evaporators
§ Defrost

Sessions 7 and 8
§ Evaporators/Defrost continued
§ Opportunity List Reporting



Today’s Agenda – Session 1

§ Welcome & intros
§ Opportunity tracking
§ Energy basics
§ Fundamentals of refrigeration
§ Compressor basics
§ Compressor lift



Everyone Contributes to Energy Efficiency

Management 
provides funding and

executive buy-in

Operations 
oversees schedules 

and production

Maintenance
“boots on the ground” 
equipment and system 

support

Energy
Efficiency



Preconditions for Energy Efficiency Success



Why VINPLT?

§ Maximize the energy efficiency of your existing
refrigeration system.

§ Identify energy saving projects.



VINPLT Objectives

1. Knowledge

2. Tools

3. Action

Energy
Savings



Benefits of Energy Efficiency

§ Lower your energy costs

§ Reduce maintenance costs

§ Increase employee satisfaction

§ Improve customer satisfaction

§ Decrease greenhouse gas emissions



1. Safety

2. Production

3. Quality

4. Energy

Let’s Get our Priorities Straight …



Opportunity Ideas

§ Note opportunity ideas as we go

§ Use the Opportunities sheet in the Excel Tool

§ We’ll flesh these out later

§ Type in an idea now, or a place holder

Opportunity Ideas (Brainstorming Area)

Idea place holder

Energy Opportunities

# Name Description
Energy 
Savings

Cost 
Savings

kWh $
1
2
3
4



Energy Opportunities

§ We’ll refine the brainstorming ideas

§ Goal: develop several real opportunities for your site

§ Report out at final session

Energy Opportunities

# Name Description
Energy 
Savings

Cost 
Savings

kWh $

1 Decrease condensing pressure

Historically the condensing setpoint is 130 
psig, but could be lower in cool weather, 
perhaps 100 psig 350,000 28,000$   

2
3
4
5



Introduction to Utility Bills
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Why Understand your Utility Bill?

What if the gas 
station treated you like the 

electric utility does?



Common Utility-Bill Line Items



Energy vs. Power

Demand or power is …
§ Measured in Watts, kilowatts, or kW
§ Rate of energy use, “flow”
§ Like a speedometer or water flow rate



Energy vs. Power

Energy is …
§ Measured in kilowatt hours, or kWh
§ A total quantity used
§ Analogous to miles traveled, or water in a bucket



What is Energy?

§ Energy = Power x Time

§ kWh = kW x hours



How is Energy Calculated?

Space heater example

§ Power = 1500 Watts or 1.5 kW

§ Total Annual Energy = 1.5 kW x 100 hr/yr = 300 kWh/yr

§ Cost = 300 kWh/yr x $0.10/kWh = $15/yr



What is Energy?
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What is Peak Demand?
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Simplification: Bulk Rate

Used to simplify cost saving estimates

§ 12 month total cost: $1,839,000
§ 12 month total energy: 22,982,000 kWh

$1,839,000 / 22,982,000 kWh = $.080/kWh

Bulk Rate: $.080/kWh



Simplified Savings Estimate

Shorthand Cost Savings Estimate

Use about 85% of bulk rate: $.080 x .85 = $.060

If you expected 10,000 kWh savings, this would be about 

$600 savings on your bill.



Rules of Thumb

2%  Compressor savings per °F of increase in suction
temperature.

1.5%  Compressor savings per °F of decrease in 
condensing temperature.

Utility Bill Exercises



Rules of Thumb

2%  Compressor savings per °F of increase in suction
temperature.

1.5%  Compressor savings per °F of decrease in 
condensing temperature.



Rules of Thumb

2%  Compressor savings per °F of increase in suction
temperature.

1.5%  Compressor savings per °F of decrease in 
condensing temperature.

How many kWh of energy did they use this 
billing cycle?



Rules of Thumb

2%  Compressor savings per °F of increase in suction
temperature.

1.5%  Compressor savings per °F of decrease in 
condensing temperature.

How much cheaper is their off-peak vs. on-
peak energy price?



Rules of Thumb

2%  Compressor savings per °F of increase in suction
temperature.

1.5%  Compressor savings per °F of decrease in 
condensing temperature.

The plant runs a 400 hp compressor at full 
capacity all year, drawing 250 kW. How many 
kWh energy does this use per day?



Rules of Thumb

2%  Compressor savings per °F of increase in suction
temperature.

1.5%  Compressor savings per °F of decrease in 
condensing temperature.

What % of the demand charge does the 
compressor make up?



Rules of Thumb

2%  Compressor savings per °F of increase in suction
temperature.

1.5%  Compressor savings per °F of decrease in 
condensing temperature.

What is the bulk rate energy price for this bill?



Introduction to Refrigeration Systems 
and Compressors

34



Refrigeration Basics:  Two Key Principles

No.1: Heat flows from hot to cold



Refrigeration Basics:  Two Key Principles

No.2: For a saturated refrigerant 
(mix of liquid and gas)

Pressure  Temperature 

Pressure Temperature 



Four Major Processes

Evaporator

Compressor

Condenser

Expansion Valve

Gas (Vapor)Liquid



Refrigeration Cycle

HeatHeat



Rules of Thumb

2%  Compressor savings per °F of increase in suction
temperature.

1.5%  Compressor savings per °F of decrease in 
condensing temperature.



Activity: Refrigeration vs. Total-plant Energy

Refrigeration

Everything else

?% ?%



Activity: Annual Energy Cost

What is the annual energy cost to run a 250 hp

compressor fully loaded 24/7?

1. $10,000/year

2. $25,000/year

3. $40,000/year

4. $90,000/year
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Dock 
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HS 
Recirc

Hydro 
Cooler

LS 
Recirc

Activity – Sketch common systems



Rules of Thumb

2%  Compressor savings per °F of increase in suction
temperature.

1.5%  Compressor savings per °F of decrease in 
condensing temperature.

Sketch an ammonia system



Assignment – Sketch Your System

1. Suction vessels

2. Loads

3. Compressors

4. Condensers

5. Liquid path
Email a picture, screen snap, etc. to 
steve.koski@cascadeenergy.com



Compressors



Compressor Basics

Type Max HP Pres. 
Ratio

Typical Type

Booster High Single
Reciprocating 300 8:1 X X

Rotary Screw 1,500 20:1 X X X

Rotary Vane 400 5:1 X



Screw Compressor Components

Motor

Control panel

Oil separatorCompressor

Suction Discharge



Twin Screw Compressor



Screw Compressors: Key Energy Issues

1. Lift (suction and discharge)

2. Capacity control

3. Volume ratio

4. Cooling

5. Economizing



Reciprocating Compressors



25-Ton “Recip” from the Early 1900’s 



What’s the Ideal?

§ Minimal Lift  (max suction, min discharge)
§ Slide Valve Properly Functioning
§ Minimal Inefficient Unloading 
§ Correct Volume Ratio
§ Controls Telling the Truth



What’s the Largest Factor Driving Compressor 
Energy Use?



Reduce Lift = Reduce Compressor Work

§ Raise Suction: More Capacity (TR)

§ Lower Discharge: Less Power (BHP)

Compressor Work = BHP/TR



Rules of Thumb

2% compressor savings per °F of increase 
in suction temperature

1.5% compressor savings per °F of decrease 
in condensing temperature

(Must work in saturated temperature, not pressure.)



Homework

1. Utility bill questions

2. Refrigeration system questions

3. Sketch your refrigeration system

Email to: steve.koski@cascadeenergy.com



Go to kahoot.it

Join from your phone


