Using Zoo
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.

For Tyson renaming!
Tyson - Fresh Meats
Tyson - Prepared Foods

=
Tyson - Poultry
Access Chat at the bottom _

:%ﬁ.‘.‘.ﬂ This session will be recorded for those not in attendance! ENERGY
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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

Q
Please direct ons to kim. om CascadeEnergy*
QPR ENERGY

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

Fd
L)

Fase ENERGY

5

Meet Your Colleagues

—

el
Flowers
Foods

o
AGROPUR

A o
o General
SugarCreek & s

Tysdn

Qe ENERGY

6
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Today’s Agenda — Session 1

= Welcome & Intros

= Opportunity tracking

= Energy basics

= Fundamentals of refrigeration
= Compressor Basics

= Compressor Lift

= Compressor Part Load

= Compressor Homework

FaRe ENERGY

Introduction to Refrigeration Systems
and Compressors

ibutes to E y Efficiency

Management
provides funding and
executive buy-in

Energy
Efficiency

Operations
oversees schedules
and production

Maintenance
“boots on the ground”
equipment and system
support

= =

9
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Preconditions for Energy Efficiency Success

Why INPLT?

= Maximize the energy efficiency of your existing
refrigeration system.

= Identify energy saving projects.

ENERGY

Knowledge

2. Tools S Energy
Savings
3. Action
-~
L ENERGY
12
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Benefits of Energy Efficiency

= Lower your energy costs

= Reduce maintenance costs

= |dentify capital projects

= Increase employee satisfaction

= Improve customer satisfaction

Qe ENERGY

Let’'s Get our Priorities Straight ...

1. Safety

2. Production

3. Quality

4. Energy

Qe ENERGY

Opportunity Ideas

= Note opportunity ideas as they pop into your head.

= Use the Better Plants Opportunity Ideas pages.

= We'll flesh these out more in sessions 2 and beyond.

Qe ENERGY

15
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Introduction to Utility Bills

| Eneray Eft
i

s semmaror | oy
ENERGY | fencuiatie

Why Understand your Utility Bill?

What if your local gas
station treated you just like
your electric utility does?

Qe ENERGY

Common Utility-Bill Line Items

CURRENT CHARGER

Elecirtc Changi

Wt sl DEVER RESDH

ki L ki e T Dhpgihe gRov oo AMTRIFEAXIE A
L2t R LT

HETER WUWEER, . ELLHG PEH [E]

HULTIELE 113 - BT ]

T HETF J4E R o L e [

Orprat o Hanaunmer 10i, 304 ¥ Lol

L peak LE m 2]

il G Do o 530 VS IGacFs 5 SIS & 1,008 VT
Fif.prak G Govanyd 4% 170 £87 b= Cah @ bl of 1IN ke Ton Pupt, Rapias

. Purnigracisr hggm__
i Facilifier Thasgs AN
Or-Pesk Mon-Smmar | D204 K R B ECEMG GBI
Tift-Freatc 248 058 W1 X % 0646680 ATER
=Pk tlan Sisherner B30 HES ¥ 5 17 45090 DA &)
O Pryctc 10 bty L5 % A B e
Fictocnk Charee asco
Qrorhond FrasdSgl g Zag
Civertused Flasdiyhtie 12781
Gtak: Saker T at 70 % RHIEF
To'ml Elvclyic Charges 51340202

Chime ENERGY
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Energy vs. Power

Energyis ...

= Measured in
kilowatt hours, or kWh

= A total quantity used

 Galn e Cemand —s § Gallons M
= Analogous to miles -2 parminii
traveled, or water in a w
bucket = . ;
w e w
£— Consumpton —3
Qe ENERGY

Energy vs. Power

Demand or poweris ...

= Measured in Watts,
kilowatts, or kW

= Rate of energy use,
instantaneous, “flow”

= Analogous to a
speedometer or
water flow rate

P ENERGY

= Energy = Power x Time

= kWh = kW x hours

Qe ENERGY

21
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How is Energy Calculated?

Let’s take a hair dryer for example ...

Power = 1500 Watts or 1.5 kW

Total Annual Energy = 1.5 kW x 200 hr/yr
=300 kWh/yr

Cost = 300 kWh/yr x $0.10/kWh = $30/yr

Qe ENERGY

What is Energy?

Energy is the area under the curve
1600
1400
1200

1000

kw

Qe ENERGY

hat is Peak Dema

A Month of 15-Minute Power Data

Peak Demand

!
ki

Il

|
f.’inﬂf[.l%ﬂmﬂ‘h@..

3 800
600 ey
400
200
[
n 16 it 116 1121 1126 131
Date
PBetter 3 oemarrunt ar
Lheer ENERGY
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Simplification: Bulk Rate

Used to simplify cost saving estimates.

= 12 month total cost: $1,381,000
= 12 month total energy: 22,982,000 kWh

$1,381,000/ 22,982,000 kWh = $.060/kWh

Bulk Rate: $.060/kWh

Sheme ENERGY

25

Simplified Savings Estimate

Shorthand Cost Savings Estimate

Use about 85% of bulk rate: $.060 x .85 = $.051

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

$510 savings on your bill.

Shimer ENERGY

26

Workbook — Pages 3 and 4




ACME

Account 10 0004123456789 8 123456789
2015 $29,760.80
Giliog Dates | 2/28/2015 31515
33 days o senvice
490,793 kW

Off Peak Usage of 195,446 kWh x $0.0135
On-Peak Usage of 295,347 kiWh x S0.0504

Demand Charge of 932 kW x $1.9500
Transmission Charge of 932 KW x$0.910
Distribution Faciity Capacity Charge of 1,017 kW x $2.0600
sp37.52

Taxes and Adjustments
Cty Tax (1.5%) 41021
Public Purpose Charge (3%] 82082
108 Regulatory Adjustments 2947
115 Energy Efficiency Funding 115338
$2413.48

Period Ending  Avg. Daily Temp °F AvE, Cost Par Day
This Year 56 390184
Last Year %62 591084

Refrigeration Fundamentals

,l iry ! T

us comxcanon | Enargy Efficiency &
ENERGY

Renewable Energy

29

Refrigeration Basics: Two Key Principles

No.1: Heat flows from hot to cold

T ENERGY

30

10/27/2020
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Refrigeration Basics: Two Key Principles

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

l Pressure Temperature ?
l Pressure Temperature |

FaRe ENERGY
31
Four Major Processes
<«— Liquid _
T Condnser
Hot, 3

High Pressure

Compressor

Expansion Valve

Cold, Low Pressure

Qe S

32

Refrigeration Cycle

Heat Heat

"
Condenser  THEEm HEE Evaporatos

Expansion
Valve
4

Compressor |

= =

33
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Workbook — Page 5

What percent energy is used by each system component?

i

N

P R
= = e

e |

Activity: Refrigeration vs. Total-plant Energy

Refrigeration

?% ?%

MBetter

‘& Plants ENERGY

36

Everything else

12
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Activity: Annual Energy Cost

What is the annual energy cost to run a 250 hp

compressor fully loaded 24/7?

1. $10,000/year
$25,000/year
$40,000/year

Rl A\

$90,000/year

Sheme ENERGY

37

Activity — Sketch your system

EC-2

-
L

fl VW

Shimer ENERGY

38

Sketch an ammonia system

13
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Activity — 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

r

Pt S

40

BREAK

r

P S

41

Sketch Your System — Review

Sk =

42

14
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Day 1: Compressors

Compressors

Compressor Basics
e
X X

Reciprocating 300 8:1
Rotary Screw 1,500 20:1 X X X
Rotary Vane 400 5:1 X
Blante ENERGY

45

15
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Workbook — Page 6

Screw Compressor Components

Suction Motor Discharge

Control panel

Compressor Oil separator

Shimer ENERGY

47

Screw Compressors: Key Energy Issues

1. Lift (suction and discharge)

2. Capacity control

3. Volume ratio

4. Cooling

5. Economizing

T ENERGY

48
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Twin Screw Compressor

FaRe ENERGY

49

Reciprocating Compressors

Fase ENERGY

50

25-Ton “rRecip” from the Early 1900’s

(Lo =

51

10/27/2020
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What'’s the Ideal?

= Minimal Lift (max suction, min discharge)
= Slide Valve Properly Functioning

= Minimal Inefficient Unloading

= Correct Volume Ratio

= Controls Telling the “Truth”

Pl ENERGY

52

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

= =

54

10/27/2020
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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.)

Qe ENERGY

10/27/2020

Capacity in Graphic Form

Frick RWB 11-134 Rated Capacity
250
0 | emere
b / - TR@85.0F
«
E Ié!
100 +TR@OF
50 ~-TR@ 105.0°F
0
) 15 0 s o s 10
Suction Temperature (‘F)
PBetter s ogpamrunn or
QPlants ENERGY

~+-BHP @ 105.0°F

+~BHP @95.0°F

o-BHP @85.0°F

~a-BHP @ 75.0°F

©
0
.
PBetter us oemamTvENT Or
Lheer ENERGY

19
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What Does this Mean for Compressor Work?

Frick RWB II-134 Efficiency (Power per Unit of Capacity)
30
25 \ ~+-BHP/TR @ 105.0°F
20 . \,\
. +BHPITR @ 95.0°F
« . - ]
£ s ° T +
I o
@ * . ° ©-BHP/TR @ 85.0°F
10 3
0s a-BHPITR @ 75.0°F
00
25 20 15 -10 5 0 5 10
Suction Temperature (*F)
PBetter e
Qe ENERGY

58

Facts & Figures Sheet

Y rcTs s GtRES ratin Efciensy FATS WOFIGRES

Shimer ENERGY

59

Workbook — Page 7
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Compressor Lift Question 1

= 3 psig = -21°F

= 6 psig =-15°F

= 6°F increase in suction temp

" 6°F x2% =12%

= 12% x 3,000,000 kWh = 360,000 kWh
= 360,000 kWh x $.10 = $36,000/year

P ENERGY

Compressor Lift Question 2

= 110 psig = 68°F

= 100 psig = 63°F

= 5°F reduction in saturated discharge pressure
=" 5°F x 1.5% =7.5%

= 7.5% x 3,000,000 kWh /2 = 112,500 kWh

= 112,500 kWh x $.10 = $11,250

P ENERGY

100

80 R

60—] 60°F WB Q
40

20

0 j 0°F Room
-20

Qe ENERGY

10/27/2020
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Real-World Scenario

100

= = 75°F Head l_ 80
60—] 60°F WB Q
40

20

0 j 0°F Room
-20

-12°F ,—
Suction

P ENERGY

Coil Temperature Difference (TD)

Refrigerant Tem!

. . perature

Enten?g ar __ Difference
(40°F) (10°F)

Entering Air Temperature — Refrigerant Temperature
= Temperature Difference

40°F —30°F = 10°F TD

P ENERGY

Room or Application Temperature - Coil Rated TD
= Maximum-Suction Temperature

~12°F TD typical for refrigerant to air evaporators
~5°F TD typical for refrigerant to liquid evaporators

Qe ENERGY

10/27/2020
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What is Limiting Your Suction?

= Pick your coldest zone
= Assume a 12°F evaporator TD
= Estimate what suction your equipment is rated for

MBetter

10/27/2020

Fane ENERGY

67

Workbook — Page 8

Barriers to Lo Condensing Pressure

Minimum Pressure
Setpoint

Tradition

Misperceptions
about VI

Hot Gas Defrost
Liquid Injection

Oil Separator

Other?

Chime ENERGY

69
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Common Barriers to Lower Condensing

Pressure

Hot gas defrost Control Pressure Receiver
Heated zones setup

Icing or other winter issues Pumper drum setup

Water defrost and common Direct-expansion coils

10/27/2020

sump = Process or door hot gas

= Oil separator performance = |nadequate liquid pressure

= Gas-powered valves or to serve loads
unloaders = Concerns about condenser

= Liquid injection oil cooling fan and pump energy

= Screw compressor oil = Misperceptions about
carryover volume ratio and efficiency

= Underfloor heating = Tradition

Sheme ENERGY

70

Workbook — Page 9

Compressor Part Load

Two absolute rules:

1. Compressor efficiency is worse at lower loads

2. Speed control is the most efficient part-load control for
SCrew compressors

Chime ENERGY

72

24



True or False—90% slide valve = 90% capacity?

Start of compression
with full capacity

Start of
compression
\] at part load

Return to suction ﬂ

Slide valve Discharge
-— Loaded

Unlaaded—

10/27/2020

Better
Plants

Better
Plants

ENERGY

75
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Slide Valve Position # Capacity

Compressor Slide Valve Position to Capacity

100%
90%
"
80% A
/“/
70% A
> /
£ 60% //
& oo _ \
S ~ ‘
R 40% 1
0% - -22vi ||
20% é —+-35vi |
o T I
o | —

0%  10% 20% 30% 40% 50% 60% 70% 80%  90%  100%
% Slide Valve Position

Qe ENERGY

Activity—Compressor Slide Valve

Given: 3.5 Vi screw compressor at 90% slide valve position
Find: % capacity
72%
L ENERGY

ctivity—Compressor Slide Valve

Given: 3.5 Vi screw compressor at 0% slide valve position
Find: % capacity
18%
QPR ENERGY

78

10/27/2020
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Compressor Part-Load Performance

Compressor Capacity to Power

100% ‘

90% 2

80% /4 -

70% d
5 | #Z
g z
3 60% ! v
& ‘ 7~
X 50% =

~

40% -

3% L Pk =B=Siide Valve

20% 3= =#=VFD

10% "

-7 ,‘ - - Ideal
0% T T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% Capacity
PBetter T
QPlants ENERGY

Compressor Part-Load Performance

What % power does a screw compressor use when the
slide valve is fully unloaded?

~50%

Qe ENERGY

VFDs vs. Slide Valves

Given: Two same-model, screw compressors, but one has
a VFD. What is the power at 60% capacity?

Slide Valve
76%
Sk B
81

10/27/2020
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VFDs vs. Slide Valves

Given: Two same-model, screw compressors, but one has
a VFD. Which one is more efficient at full load?

Slide Valve VFD
100% 103%

P ENERGY

Compressor Part Load

What can we do about
compressor part load?

P ENERGY

Compressor Staging

Right compressor. Right load. Right time.

Qe ENERGY

84
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How are Compressors Sequenced?

High Stage Compressar Sequencer

stage:] 1 2 | 3| a4 | 5| & | 7
HSTG 1(350-hp} | T T B | &
HSTG 2 [500-hg) T|e|8s|B8|8| &
HSTG 3 (350-hg) T T T
HSTG 4(500-hp} T 8| B

Online HP:| 350 500 | 850 ) 1.000| 1,200 1,350 1.o0)
T=trim, B = Bazeloaded

OR
High Stage Compressor Sequencer
Stage: 1 2 3 4
HSTG 1 (350-hp) T e B 1
HETG 2 (S00-hp) T B 4
HSTG 3 (350-hp) | T n
P’G A(500-hp) T
Online HP;| 350 250 1200 ) 1700
T-trire, 2 - Baseloadad
Sheme ENERGY
85

Efficiency Opportunities

Questions to consider:

= Slide valve not operating properly?
= Compressor current limiting?

= Appropriate volume index control?
= How is compressor oil cooled?

= Economized compressors?

Slide Valve Calibrations

= Does slide valve (SV) indicator gauge match control
panel reading?

= Do amps increase after SV already shows 100%?

= Does the control panel never reach 100% SV reading?

= Does the control panel ever reach below 0% or above
100% SV reading?

Qe ENERGY

87
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Current Limiting

Definition: The compressor forces itself to unload, or is
unable to fully load due to an indication of excessive motor
current.

The concern: Compressors can't fully load, or additional
compressors may start. Inefficiency results from multiple
unloaded compressors.

10/27/2020

Qe ENERGY

Why is This Compressor Current Limiting?

Current Limiting Causes

= Improper VI
= Amp reading out of calibration
= Improper amp limiting settings in microprocessor
= Too much, oil or refrigerant injection?
= Some compressors have adjustable oil feed valves that should
be properly tuned
= Over cooling with liquid injection will increase compressor
power

Qe ENERGY

90
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Case Study

Screw Compressor Volume Ratio

Screw compressors have an internal “volume ratio,” or VI.
= VI = Initial gas volume / Final gas volume
= Typically range from 2:1 to 5:1

Initial Volume

(v

Suction

v

v

Final Volume Discharge

er

P ENERGY

92

The “Ideal” Volume Ratio

The compressor discharges at exactly the same pressure
as the condensing pressure.

In‘an over-compressed state, gasis compressed to a
higher pressure than condensing and expands as it leaves
the discharge port.

“Two steps forward, and one step back.”

= =

93

10/27/2020
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The “Ideal” Volume Ratio

In ‘an under-compressed state some gas sneaks back
into the compressor when the rotors open to discharge,
then it gets pushed out, as the rotors turn further.

Over-compression generally has more of a penalty
than under-compression.

Better

fen ERERGY

94

Under, or Over-Compression

Examples of Over or Under-Compression

Discharge

f|C

Pressure (psi)
a
3

40 Under-
s
20
Suction H
0 Lpressure u
Compression Process
Better s ogearreey or
Plants ENERGY

Compressor Volume Ratio

32
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How Does Auto VI Work?

o 1w o ol YORK

P ENERGY

Compressor Volume Ratio

= |s the compressor operating at the proper volume index?

= |f it is fixed or manually adjustable; strive for an optimal VI

corresponding to the average conditions.

P ENERGY

Correcting Volume Index Issues

= Ask the manufacturer

= Fix controls that are not working
= Calibrate

= Adjust

= Modify (machine, change parts)
= Run a different compressor

Qe ENERGY
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Compressor Cooling Methods

Screw compressors
= Liquid injection
= Water/glycol
= Thermosiphon

Reciprocating compressors
= Water in cylinder and head jackets—most common
= Refrigerant in jackets

Rotary vane
= Liquid injection
= Water cooling

L ERERGY

100

Example of Liquid Injection with TXV

Energy Issues
Injected refrigerant must be recompressed.

Injection requires a minimum liquid pressure for thermal
expansion valve (TXV) s
to operate properly.
Qil heat is seen by
high-stage on
multi-stage system.

Qe

101

Example of Liquid Injection with EEV

Energy Issues
Electronic Expansion Valve (EEV) usually eliminates
liquid pressure as a barrier to lowering condensing
pressure: i % S
Still-have injection
penalty

Oil heat still goes to
next stage (if booster)

= ENERGY

102
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Example of Thermosiphon Oil Cooling

Energy Issues

= Oil heat goes directly to
condenser (good)

= Does not limit condensing
pressure (good)

Qe ENERGY

Economized Screw Compressors

e
2
©
=]
W

i Discharge
port] Intermediate-pressure gas

Liquid from receiver

Subcooled, high-pressure liquid

Shell- and—tub
heat exchang

Qe ENERGY

An Economizer with a Regulator

105
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What's Wrong? (Compressor Panel)

L Sl

Top Compressor Action ltems

= Optimize Suction Pressure

= Optimize Condensing Pressure
= Use your Best Part-Load Option
= Calibrate

= Address Improper Volume Ratio
= Optimize Economizer Operation
= Address Current Limiting Issues

L Sl

BREAK g

(Lo =

108
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Activity—Compressors

Brainstorm:
1. The ways the compressor could be operating
inefficiently

2. How you identify the symptoms
3. How you fix it

Sheme ENERGY

109

Activity—Compressors

Suction & Discharge
Slide Valve

Current Limiting
Volume Index

Oil Cooling

Oil Carryover

o0k N =~

In 15 minutes, share your findings with the group.

Shimer ENERGY

110

Compressor Group Activity

111
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Compressor Activity & Homework

Back at your plants, fill out compressor check sheets:

= One compressor — Everything you can
= Remaining compressors — Can skip difficult parts

We will review on Thursday.

Please direct i to kim. om

Qe ENERGY

112

Homework - Compressor Check Sheet

Compressor Check Worksheet
Site Information:
Gate: i
Completed By: [Engine Room:
11 Basic Compressor Information:
Comprossor Name or Number| ]  Motorhpf 1
] Model:| 1
Sales Order Number: Serial Number:[ 1
Type:soww Ruch Vare
Primary Application.| Booster Single St Economized
o Seoatary Apploation] Bock
2] Calibrate Prossures: T
Control Systam | Control Panel [ Digital Gauge
Rasding Rasding Readiog
Suction Pressure:]
Dlachargs Prasties] —
[31 Check Compressor Volume Ratio: ro Method:  Fizea arat
Current Volume Ratio_____] Awocont  Aviosisp
I [ v )
Suction Prossure (psig)] T oS at sach Vi |
Dischargs Pressurs (psig): | setang for a grven sucton and
Gptimum Volume Ratio (from tabie) ] T iseharge pressure
PBetter [y —
QPlants ENERGY

4) Check. Slide Valv Calibration:
[ il Rl Gl

suction Pressure] _Pressurs Amps %Roading | % Reading
Manually Load the Compressor to Ful
Loading]
Manually Unload the Compressor
Minimum Loading]|

Does slide valve indicator gauge differ from control panel reading?  yes fno

Do amps Increase after slide valve already shows 100%SV?  yesino
Dows the control panel fall to reach 100% SV reading?  yes fno
Does the control panel ever show below 0% or above 100% SV reading? __yes/no

Motor hp| Nominal Powar Factor:|
Rated Voltage:| Full Load Amps [FLA):
Nominal Mator Efficiency| Service Factor|
Set Point for Motor Amps at which Compressor ]
Load no Further-:
| Ao Clamo Reaging “Frch recommends 100% of FLAf mofo has 1,15 53rs ok

—1
Rimp ez p Reading from Handveld ""E CiamPyo Check Control Panel Reading: | 1

Qe ENERGY
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End of

Session 1

115
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