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Copeland CO2 Transcritical

Booster Training Unit

P&ID Review
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Suction Line

K

Suction
Accumulators

are never Insulated

since they use the
ambient heat to help superheat
the return gas to the compressor

| — ; _ For the Trainer;
‘ Mm\‘ { - We Insulated them for Safety,
T , Accumulatot 1 to Avoid Slipping Danger
Accumulator &, . o Due to Water Dripping
» \ ' on Training Floor
Ly -:I”"‘ C

| 4.9 alir= Tl |
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Copeland Transcritical CO2 Compressors

Copeland 4MTLS Semi-hermetic

4MTLS Series; 4 Cylinders

Description:
- Cooling Capacity
> 5 to 20HP Models, 40 to 150 MBH
» 24 to 34HP Models 192 to 310 MBH
Main Characteristics:
- Pressures: Operating 120bar (1740 psig)
- Pressure Relief Valves Ratings
» 135bar (1958psiQ)
- Low Sound Level, Vibration & Pulsation
- UL Approved for North America
Speed Range:
« 25Hz to 70Hz (4MTLS40K-15M)
« 30Hz to 70Hz (4MTLS20)
* 30Hz to 60Hz (4MTLS22M-28M)

 CoreSense, Advanced Protection, Preventive

Maintenance, Remote Communication
COPELAND
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Compressors of same
Capacity 2

Discus 4DH CO24MTLS15

COPELAND



Stator Cover

Discus 4DH CO24MTLS15
005-1832-00 505-1218-00

12 bolts 27 bolts

COPELAND



ead Covers

Discus 4DH
002-0433-00

CO2 4MTLS15
002-0439-00

g

Different Length
‘Head bolts

COPELAND



Valve Plates

Discus - 4DH CO2 -4MTLS15

503-2032-00 503-1075-00

Note: Discus “puck” design vs. traditional Reed

COPELAND
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Connecting Rods

Discus

Small Diameter 19mm

Large Diameter 47mm |

Discus - 4DH

CO2 -4MTLS15

CO2
Large Diameter 82mm
Small Diameter 25mm

. DU Bearings pressed
~ 4 ineachhole

COPELAND



Discus - 4DH

CO2 -4MTLS15

/ :
y Ji

co2
- Diameter
17mm

011-0166-01 =~ 21%
EeE Larger
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- 4MTLS15

CO2
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ings "

- Diameter 47mm

S

r
45% Smaller

Discus - 4DH
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Copeland ZO Scroll Compressors

Available (60Hz, 50Hz)

Nominal Capacity Capacity
Model Horsepower Displacement Btuh kW 460V 230V 575V 380V
Z021K5E 1.5 112 CFH 20,800 6.0 154 | v v v
Z0(D)34K3E 2.0 172 CFH 32,000 9.4 154 | vV | vV |V v
Z045K3E 2.5 228 CFH 44,500 13.0 165 | v v | v
ZO58K3E
Z0(D)58K3E 3.5 291 CFH 57,000 16.7 167 | YV |V | YV |V
ZO88KCE 5.5 431 CFH 85,300 25.0 163 | v v | v v
Z0(D)104KCE 6.0 498 CFH 98,500 28.9 163 | v 4 v 4

Capacity with R-744 at -31F evap, 14F cascade cond, 5F RG, 14F liquid

Axial And Radial Compliance For Improved Liquid And Debris Handling
Low Sound Emission And Vibration

High Volumetric Efficiency

Digital Modulation Available Providing 10-100% Capacity

Maximum Operating Envelop Pressure: Low Side = 229psig

Maximum Operating Envelop Pressure: High Side = 561psig

Maximum Standstill Pressure: Low Side = 500 psig (UL)

Maximum Standstill Pressure: High Side = 500 psig (UL)

COPELAND
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POE Oil Viscosity in CO, Vs Suction Superheat

Oil Temp
Measured
Bottom of
Sump

1ﬂﬂ
(Ao

;’J%J%-_-_‘ﬁ

m—— - EVEp

B Visodty

Viscosity (cSt)
[
[ -]

1
115 135 155

L3
LN

25 5 15 35 55 75

! g Oil Temperature (*F)
Floodback 0°F (0°K SH) 36°F (18°K SH)
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Scroll Drive Bearings
Lack of Lubrication
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Lack of Lubrication
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Scroll Drive Scroll Modulation - How It Works
Bearings
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Con .
Nector Size oy
Date of Mo 4o iwm.
Ol Charge: 170203y

Yleep connectors as cool upu
Add oil charge thiough ot
SePArator must be changed i

Change fitter after zmu;:ﬂm
Filter kit part numbe! 20! -
WMAX WPMAX ABND_R:*LW,’
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Oil Separator
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i Temprite Oil Reservoir

~ Qil Level
Sensors

Temprite 130 Series Coalescent
Oil Separator: Accessible
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Oil Separator

- Suitable for CO, Transcritical and subcritical ranges
« Maximum Operating Pressure of 2030 Psig (140 bar)
« Coalescent oil separators are used (98.5%* separation efficiency)
« Separates the oil from the refrigerant to;
* Reduce oil circulated through the system

* Ensures adequate oil returning to the compressors

COPELAND



Oil Separator

- Removable top for filter replacement

» Uses a glass fibre media for high efficiency
rates ’

- Has the ability to filter out dirt and
particulates down to 0.3 microns

* Replace after initial 24 to 48 hours of
operation

- and when pressure drop across the
separator exceeds 13 psi (0.9 bar)

» To ensure immediate oll return upon start-
up, the oil separators are to be pre-charged
with oil (mfg. specs) i.e... Model 133A (20

0Z.)

COPELAND



Westermeyer Releases Electronic Oil-Filter Monitor and QOil Strainer for
Transcritical CO, Systems

Westermeyer Industries displayed its
newly released RDP-01T Differential
Pressure Monitor

MMERCIAL REFRIGERATION NORTH AMERICA

COPELAND .
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Oil Reservoir

* To improve the control of oil return, oil from both Oil to
separators are sent to a common oil reservoir Compressors

. . Reservoir g = :
From the reservoir, oil returned to the compressors _ | | ., =
becomes a function of pressure difference B - Al il i W ol

=Drier

Each compressor has it's own oil monitoring,
balancing and alarming system as previously Separator
mentioned i.e....(OMB, OM5, OWS5 ....) e

The oil reservoir is to be pre-charged with oil (mfg. &y L) i &
specs) i.e... RES 7 (68 oz. (min.) — centre of bottom WS N T, T

sight-glass) Y Y 8 ! Reducing

Valve

Pressure reducing valve is used from the
Transcritical oil separator due to the higher
discharge pressure

— Oil supply pressure must be higher than the crankcase
pressures of all compressors

COPELAND



Oil Filter Drier

AOFD 553 - Emerson

100% Molecular Sieve For Moisture
Removal in POE Qils while Fully
Protecting the Oil Additives

3 Micron Filtration For Optimum
Compressor Protection

3 /8" SAE Connections

COPELAND



Oil Reservoir Pressure Reducing Valve

* When Low Temp QOil Separator operating at 410psig
need to purge excess oll into the oil reservoir which
is at 500psig, this valve opens temporarily to drop
the pressure in the reservoir below 400 psig for the
oil to oil from LT Qil Sep to oil Reservoir

410 psig

COPELAND
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OMC

Emerosn Hall-effect

Hall-effect Sensor
3 Zone Level Monitoring

&
EMERSON

OC - O Lol Gyl Bytem

60%

40%

Red Zone

25%

I SPDT output contacts for external connection
- Alarms, status lights, compressor off control
Uses a reverse Hall-effect sensor
« Uses a float to sense oil level

LEDs Status / Function Function Alarm
Oil Level in green zone

@ (60 - 40%)  Sealed semi-conductor device

Oil Level in green zone | Injection, o non_Contact, wear free
B (60 - 40%) delay 10s .

: . - sealed — contaminate proof
Qil Level in yellow zone po— _ _ _
(40 - 25%) nection - Immune to vibration, debris and water

Oil Level in red zone niection | YES-  Debris retention magnet for reliable control

& 25- 0%) € delay 120s

COPELAND:



Oil Level Contol LED Display
~— Power Green

Alarm (low oil) - Red

Adapter

Subcritical
Scroll

MOP
1885 psig
130bar
MOPD
100bar
1450psig

Subcritical
Scroll

OMB-JB1
MOP
870psig
60bar
MOPD
24bar
350psig

Q

Transcritical
4MTL(S)

OM5
MOP MOP
1885 psig 1885 psig
130bar 130bar
MOPD MOPD
100bar 100bar
1450psig 1450psig
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Where Can You Add a VFD?

Fans
Evaporator Fixed Speed Compression Variable Speed Circ.
ondenser Scroll C i
ompression Pumps
Exhaust Semi-Hermetic gcroll P
Screw Hermetic Recip

(including non-Copeland brands) COPELAND -
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GAS COOLER

The gas cooler (aka condenser), typically located on the roof, is
integral to a CO, TCB system’s design.

* Must be sized to handle the system’s total heat of rejection from
MT compressors at an installation location’s design conditions

» Typically designed with variable speed fan motor control

* Caninclude adiabatic cooling pads to improve system efficiencies
in warm ambient climates

+ I N

GAS COOLER/CONDENSER




CO, Transcritical Booster Systems Gas Cooler

2

Transcritical Mode
(AKA Supercritical)

> 75F Ambient
5to 7°F TD

Subcritical Mode
e <75°F Ambient
e 10to13°FTD




CO, Transcritical Booster System Condenser / Gas Cooler

Hot-Dry 3B Climate Zone
Dry Gas Cooler PALM SPRINGS, CA
Adiabatic PALM SPRINGS, CA

Max Temp 25F Bin  30F Bin
114.8 0
81.6 0

0
0

'RY AIR

TTT

On-Demand Adiabatic™
Pre-Cooler Media

COLD HUMID AIR

GAS COOLER

4694 hrs TC Mode

35F Bin 40F Bin 45F Bin 50F Bin 55F Bin 60F Bin 65F Bin 70F Bin 75F Bin 80F Bin 85F Bin 90F Bk 95F Bin  100F Bin 105F Bin 110F Bin 115F Bin Total Hours

0
0

12 168 449
12 168 560
Subcritical operation

816
1448

653
1762

1063
2421

905
1822

860 967 498 851 536 570 227 178 7 ] 8760

514 53 | 0 0 0 0 0 0 0 8760

Transcritical operation

567 hrs TC Mode

COPELAND



% Time Operating in Transcritical Mode

(aka Supercritical Operation)

California i ASHRAE | BIEGE %TC Dry| %TC Adi
6 Zones ity GC GC
‘ San Diego Hot Dry 3B 10% 0.5%
Sacramento Hot Dry 3B 22% 0%
Los Angeles Hot Dry 3B 5% 0%
Palm Springs Hot Dry 3B 54% 6.5%
Fresno Yosemite [Hot Dry 3B 30% 0%
San Francisco Marine 3C 2% 0%
Santa Maria Marine 3C 4% 0%
Bishop Mixed Dry 4B 25% 0%
Arcata Marine 4C 0.1% 0%
Alturas Cold 5B 13% 0%

Assumptions: = 75 °F Ambient = Supercritical operation dry gas cooler
> 72 °F Ambient = Water flow adiabatic gas cooler COPELAND



Sheet1

		State		City		Climate Zone		Group		%TC non		%TC adi		% change in TC hours		Any notes

		Alabama		Huntsville 		Mixed Humid 		3A		27.59		9.35		66%

		Alabama		Birmingham		Mixed Humid 		3A		32.44		12.89		60%

		Alabama		Montgomery		Hot Humid		3A		35.91		17.77		51%

		Alabama		Mobile Regional		Hot Humid		2A		42.35		21.93		48%

		Alaska		Anchorage		Very cold		7		0.09		0		100%

		Alaska		Kotzebue Ralph Wein		Subarctic 		8		0		0		0%

		Arkansas		Little Rock Adams Field		Mixed Humid 		3A		33.62		19.35		42%

		Arkansas		Jonesboro		Mixed Humid 		3A		21.47		11.71		45%

		Arkansas		Fayetteville Drake Field		Mixed Humid 		4A		27.63		11		60%

		Arkansas		El Dorado Goodwin Field		Hot Humid		3A		37.5		23.55		37%

		Arizona		Phoenix		Hot Dry		2B		52.96		4.16		92%

		Arizona		Tucson		Hot Dry		2B		42.5		0.42		99%

		Arizona		Page Muni		Cold 		5B		29.95		0		100%		More in line with hot

		Arizona		Prescott Love Field		Mixed Dry		4B		20.47		0.01		100%

		California		San Francisco		Marine		3C		2.37		0		100%

		California		San Diego		Hot Dry		3B		10.22		0.05		100%

		California		Sacramento		Hot Dry		3B		21.56		0.4		98%

		California		Los Angeles		Hot Dry		3B		4.74		0		100%		More in line with cold

		California		Palm Springs		Hot Dry		3B		53.58		6.47		88%

		California		Fresno Yosemite		Hot Dry		3B		30.22		0.03		100%

		California		Santa Maria		Marine		3C		3.88		0		100%

		California		Bishop		Mixed Dry		4B		25.01		0		100%

		California		Alturas		Cold 		5B		13.09		0		100%

		California		Arcata		Marine		4C		0.13		0		100%

		Colorado		Denver		Cold 		5B		16.04		0		100%

		Colorado		Trinidad Las Animas		Mixed Dry		4B		16.29		0		100%

		Colorado		Aspen		Mixed Dry		4B		6.58		0		100%		More in line with cold

		Colorado		Colorado Springs		Cold 		5B		12.15		0		100%

		Connecticut		Hartford		Cold 		5A		14.03		3.73		73%

		Connecticut		New Haven		Cold 		5A		12.51		3.09		75%

		Delaware		Dover		Mixed Humid 		4A		17.99		6.83		62%

		Delaware		Wilmington New Castle		Mixed Humid 		4A		20.61		5.08		75%

		Florida		Miami		Hot Humid		1A		74.3		45.4		39%

		Florida		Jacksonville		Hot Humid		2A		42.81		26.21		39%

		Florida		Tampa		Hot Humid		2A		55.45		35.79		35%

		Florida		Orlando		Hot Humid		2A		54.27		35.35		35%

		Florida		Tallahassee		Hot Humid		2A		40.96		23.98		41%

		Georgia		Atlanta		Mixed Humid 		3A		29.92		9.36		69%

		Georgia		Albany Dougherty County		Hot Humid		3A		39.59		19.46		51%

		Georgia		Macon Middle		Mixed Humid 		3A		35.48		18.06		49%

		Georgia		Savannah		Hot Humid		2A		41.61		23.76		43%

		Georgia		Athens 		Mixed Humid 		3A		28.28		9.49		66%

		Idaho		Pocatello		Cold 		6B		12.85		0		100%

		Idaho		Coer D'Alene		Cold 		5B		9.03		0.03		100%

		Idaho		Boise		Cold 		5B		14.52		0		100%

		Illinois		Chicago 		Cold 		5A		19.87		3.07		85%

		Illinois		Marion 		Mixed Humid 		4A		22.05		8.26		63%

		Illinois		Peoria 		Cold 		5A		17.09		4.09		76%

		Illinois		Belleville 		Mixed Humid 		4A		21.66		7.28		66%

		Indiana		Indianapolis		Cold 		5A		18.94		6.13		68%

		Indiana		Fort Wayne		Cold 		5A		15.1		2.55		83%

		Indiana		Evansville		Mixed Humid 		4A		24.87		8.34		66%

		Iowa		Des Moines		Cold 		5A		20.23		6.31		69%

		Iowa		Waterloo		Cold 		6A		17.04		3.69		78%

		Iowa		Muscatine		Cold 		5A		19.06		6.26		67%

		Kansas		Topeka		Mixed Humid 		4A		23.25		8.58		63%

		Kansas		Wichita		Mixed Humid 		4A		24.44		4.87		80%

		Kansas		Goodland Renner		Cold 		5A		16.47		0.15		99%

		Kentucky		Louisville		Mixed Humid 		4A		24.41		8.46		65%

		Kentucky		Cincinnati		Mixed Humid 		4A		17.82		3.73		79%

		Kentucky		Lexington		Mixed Humid 		4A		19.86		6.19		69%

		Kentucky		Bowling Green		Mixed Humid 		4A		24.1		10.32		57%

		Louisiana		New Orleans		Mixed Humid 		2A		48.42		32.72		32%

		Louisiana		Alexandria		Mixed Humid 		2A		37.51		27.49		27%

		Louisiana		Shreveport 		Mixed Humid 		3A		38.98		22.23		43%

		Louisiana		Lake Charles		Mixed Humid 		2A		44.87		28.76		36%

		Maine		Bangor		Cold 		6A		8.87		0.8		91%

		Maine		Portland		Cold 		6A		6.72		1.2		82%

		Maine		Presque Isle		Very cold		7		5.42		0.11		98%

		Maryland		Baltimore		Mixed Humid 		4A		21.52		5.91		73%

		Maryland		Hagerstown		Mixed Humid 		4A		19.22		4.6		76%

		Maryland		Salisbury		Mixed Humid 		4A		23.18		9.43		59%

		Massachusetts		Boston		Cold 		5A		12.59		1.68		87%

		Massachusetts		Chicopee Falls		Cold 		5A		11.21		1.76		84%

		Michigan		Detroit		Cold 		5A		16.32		3.68		77%

		Michigan		Houghton Lake		Very cold		7A		9.65		0.67		93%

		Michigan		Grand Rapids		Cold 		5A		12.85		1.52		88%

		Minnesota		St Paul		Cold 		6A		12.28		3.01		75%

		Minnesota		Rochester		Cold 		6A		10.81		1.11		90%

		Minnesota		Two Harbors		Very cold		7A		5.27		1.06		80%

		Minnesota		Thief River		Very cold		7A		7.85		0.88		89%

		Mississippi		Hattiesburg Laurel		Hot Humid		3A		33.89		14.81		56%		56% drop by going adiabatic

		Mississippi		Jackson 		Hot Humid		3A		37.4		19.65		47%

		Mississippi		Tupelo C D Lemons		Mixed Humid 		3A		31.67		14.38		55%

		Missouri		St Louis		Mixed Humid		4A		26.27		5.91		78%

		Missouri		Kansas City		Mixed Humid		4A		22.75		8.05		65%

		Missouri		Springfield		Mixed Humid		4A		21.4		4.89		77%

		Missouri		Joplin		Mixed Humid		4A		29.6		9.86		67%

		Montana		Billings		Cold 		6B		12.56		0		100%

		Montana		Helena		Cold 		6B		8.45		0		100%

		Montana		Missoula		Cold 		6B		9.28		0		100%

		Nebraska		Omaha		Cold 		5A		20.9		5.99		71%

		Nebraska		Scottsbluff		Cold 		5A		14.99		0		100%

		Nebraska		Grand Island		Cold 		5A		18.34		3.3		82%

		Nevada		Las Vegas		Hot Dry		3B		40.89		0.22		99%

		Nevada		Reno		Cold 		5B		17.03		0		100%

		Nevada		Elko		Cold 		5B		13.62		0		100%

		New Hampshire		Manchester		Cold 		5A		12.97		1.99		85%

		New Hampshire		Concord		Cold 		6A		10.64		0.94		91%

		New Hampshire		Berlin		Cold 		6A		5.9		0.03		99%

		New Jersey		Atlantic City		Mixed Humid		4A		17.61		4.17		76%

		New Jersey		Trenton Mercer		Cold 		5A		20.08		5.91		71%

		New Jersey		Newark		Mixed Humid		4A		20.98		4.54		78%

		New Mexico		Albuquerque		Mixed Dry		4B		21.14		0		100%

		New Mexico		Carlsbad Cavern		Hot Dry		3B		35.15		0.09		100%

		New Mexico		Santa Fe		Cold 		5B		14.33		0		100%

		New York		JFK		Mixed Humid		4A		19.08		5.97		69%

		New York		Syracuse Hancock		Cold 		5A		12		0.91		92%

		New York		Massena		Cold 		6A		9.06		1.46		84%

		North Carolina		Charlotte		Mixed Humid		3A		27.73		8.97		68%

		North Carolina		Raleigh		Mixed Humid		4A		26.11		11.35		57%

		North Carolina		Wilmington 		Hot Humid		3A		34.99		20.46		42%

		North Carolina		Fayetteville Pope		Mixed Humid		3A		32.12		13.71		57%

		North Carolina		Asheville		Mixed Humid		4A		14.41		1.74		88%

		North Dakota		Bismarck		Cold 		6A		11.86		0.39		97%

		North Dakota		Minot		Very cold		7A		10.22		0.15		99%

		Ohio		Cleveland		Cold 		5A		15.38		2.47		84%

		Ohio		Columbus		Cold 		5A		14.85		2.72		82%

		Ohio		Cincinnati		Mixed Humid		4A		17.57		5.38		69%

		Oklahoma		Oklahoma City		Mixed Humid		3A		32.67		7.43		77%

		Oklahoma		Tulsa		Mixed Humid		3A		32.56		15.1		54%

		Oklahoma		Lawton		Mixed Humid		3A		31.27		10.25		67%

		Oregon		Portland		Marine		4C		8.22		0.1		99%

		Oregon		Eugene Mahlon		Marine		4C		8.69		0.05		99%

		Oregon		La Grande		Cold 		5B		10.33		0		100%

		Pennsylvania		Pittsburgh		Cold 		5A		14.28		1.43		90%

		Pennsylvania		Philadelphia		Mixed Humid		4A		19.9		6.3		68%

		Pennsylvania		State College - Penn State		Cold 		5A		11.32		1.21		89%

		Rhode Island		Pawtucket		Cold 		5A		9.71		1.5		85%

		South Carolina		Charleston		Hot Humid		3A		37.75		22.34		41%

		South Carolina		Columbia		Mixed Humid		3A		37.23		13.98		62%

		South Carolina		Greenville		Mixed Humid		3A		23.41		8.66		63%

		South Dakota		Rapid City		Cold 		6A		12.76		3.01		76%

		South Dakota		Watertown		Cold 		6A		10		1.36		86%

		Tennessee		Nashville		Mixed Humid		4A		29.06		10.63		63%		another example 

		Tennessee		Memphis		Mixed Humid		3A		34.39		16.97		51%

		Tennessee		Knoxville		Mixed Humid		4A		24.84		7.85		68%

		Texas		Dallas		Hot Humid		3A		41.47		20.22		51%

		Texas		Houston		Hot Humid		2A		47.83		30.59		36%

		Texas		Lubbock		Hot Dry		3B		28.44		0.59		98%

		Texas		Marfa		Hot Dry		3B		25.83		0		100%

		Texas		San Antonio		Hot Humid		2A		46.8		22.82		51%

		Texas		Amarillo		Mixed Dry		4B		22.84		0.06		100%

		Texas		San Angelo		Hot Dry		3B		35.74		2.57		93%

		Texas		Corpus Christi		Hot Humid		2A		53.22		37.64		29%

		Utah		Salt Lake City		Cold 		5B		18.7		0		100%

		Utah		Moab		Cold 		5B		23.24		0		100%

		Vermont		Montpelier		Cold 		6A		7.61		0.14		98%

		Vermont		Rutland State		Cold 		6A		10.66		0.95		91%

		Virginia		Richmond		Mixed Humid		4A		25.08		9.99		60%

		Virginia		Norfolk		Mixed Humid		4A		29.34		12.61		57%

		Virginia		Roanoke		Mixed Humid		4A		20.22		2.42		88%

		Washington		Seattle		Marine		4C		4.42		0		100%

		Washington		Yakima 		Cold 		5C		12.75		0		100%

		Washington		Spokane		Cold 		5B		9.6		0		100%

		Washington		Kelso		Marine		4C		5.47		0		100%

		West Virginia		Charleston		Mixed Humid		4A		18.79		5.24		72%

		West Virginia		Morgantown		Cold 		5A		13.24		1.63		88%

		West Virginia		Beckley Raleigh		Cold 		5A		11.2		0.48		96%

		Wisconsin		Milwaukee		Cold 		6A		10.66		2.42		77%

		Wisconsin		Green Bay		Cold 		6A		11.21		3.03		73%

		Wisconsin		Eau Claire		Cold 		6A		11.93		1.87		84%

		Wisconsin		Rice Lake		Cold 		6A		10.06		2.21		78%

		Wyoming		Casper		Cold 		6B		12.36		0		100%

		Wyoming		Cheyenne		Cold 		6B		8.49		0		100%

		Wyoming		Jackson Hole		Very cold		7B		5.39		0		100%
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		State		City		Climate Zone		Group		%TC Dry GC		%TC Adi GC		% change in TC hours

		California		San Diego		Hot Dry		3B		10.22		0.05		100%

		California		Sacramento		Hot Dry		3B		21.56		0.4		98%

		California		Los Angeles		Hot Dry		3B		4.74		0		100%

		California		Palm Springs		Hot Dry		3B		53.58		6.47		88%

		California		Fresno Yosemite		Hot Dry		3B		30.22		0.03		100%

		California		San Francisco		Marine		3C		2.37		0		100%

		California		Santa Maria		Marine		3C		3.88		0		100%

		California		Bishop		Mixed Dry		4B		25.01		0		100%

		California		Arcata		Marine		4C		0.13		0		100%

		California		Alturas		Cold 		5B		13.09		0		100%



		State		City		ASHRAE 		IECC 		%TC Dry GC		%TC Adi GC		% change in TC hours

		California		San Diego		Hot Dry		3B		10%		0.5%		95%

		California		Sacramento		Hot Dry		3B		22%		0%		100%

		California		Los Angeles		Hot Dry		3B		5%		0%		100%

		California		Palm Springs		Hot Dry		3B		54%		6.5%		88%

		California		Fresno Yosemite		Hot Dry		3B		30%		0%		100%

		California		San Francisco		Marine		3C		2%		0%		100%

		California		Santa Maria		Marine		3C		4%		0%		100%

		California		Bishop		Mixed Dry		4B		25%		0%		100%

		California		Arcata		Marine		4C		0.1%		0%		100%

		California		Alturas		Cold 		5B		13%		0%		100%
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Flash Tank /
Receiver

30 to 40F =476 to 553 pisg
Sizing is Key

Level Management
Insulated Flash Tank
Insulated Liquid Lines

Stable Flash Tank
pressure is the key to
smooth performance
year round
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Pressure Relief
Valves

Typical PRV Setting
For Supermarket

Discharge; 1600psi (110bar)
Flash Tank / Liquid Line; 650psi (45bar)

MT Suction; 650psi (45bar)
LT Suction; 500psi (35bar)

After a few releases, most PFVs

will drift from setpoint, causing
early relief.

« Changing PFV to protect
against early release will
saveCQO2, system issues and
and keep customer happy




Flash Tank

Gas Cooler

agn
SV-1
|
Oil
Reservoir
140 Bar
MAWP
- N
N
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-

R744

Maximum ppm

state Temperature Moisture
- -40°C (-40°F) 130
Liquid ~10°C (14°F) 405
Vaoour |—-40°C (-40%F) 7
P ~10°C (14°F) 33
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Liquid Line
Filter Drier

Installed at the
Bottom of the
Flash Tank

2

Dry Ice,
if Liquid is left in
drier shell when
opening
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High Pressure Valve & Bypass Valve
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Bypass Gas Valve
(BGV)
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CO, High Pressure Controller

LT Compressors {Copeland Scroll 20
and Copeland Scroll Digital Z0D)

XM678/% Case Controller

High Pressure Valve (HPV) & Bypass Valve (BPV)

—The Control Point In Both The Valves Is Flash Tank Pressure
— If Pressure Is > Set Point, The HPV Throttle & BPV Opens

— If Pressure Is < Set Point. The HPV Opens & BPV Throttles

Inputs
1.Gas Cooler Out Pressure

2.Gas Cooler Out Temp.
3.Flash Tank Pressure
4.Capacity Demand Input

Subcritical Operation

» Maintains Subcooling In Condenser

Transcritical Operation

* Ignores Subcooling Control & Controls
Gas Cooler Pressure

Transient Operation

» Avoids Hard Switch In Either Sub or
Transcritical To Evade Effects of Rapid
CO2 Density Change
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Three Examples Same Evaporator Conditions

104F (40°C)
F'!!:,‘;
I )
= 8

jpy

COP= Heat Energy Removed (BTU)
Power Input

®

T HFVaer

High Pramsssty Cossiredles I X Wbt |
_ﬁ@) _'@_.“ =
R Lo 4000
In TC Mode Only @ 2000
30 1088 75
31 1111 76.6 1000
32 1147 79.1 800
33 1182 81.5 % o0
34 1218 84 b
35 1253 86.4 g 4w
36 1288 88.8 =
37 1324 91.3 .
38 1359 93.7
39 1400 96.5
40 1430 98.6 100
41 1465 101 80 * 353
42 1501 103.5 0 5 o % - E—

2: Optimal pressure for gas cooler outlet temperature Enthalpy in Btuflb

For each example , R744 exits the gas cooler at 104°F. This exit temperature is a function of the size of the gas cooler and the ambient
temperature, in the same way as condensing temperature is a function of the size of the condenser and the ambient tem&%ELANDm



Transcritical Mode

GC Outlet Pressure

Subcritical — Subcool Setpoint

.

\

Transcritical — Pressure Setpoint

GC Outlet Temp
I

Zoomed 2014-08-21 19:36:03 > 2014-08-23 17:50:56 Click in graph to reset zo
Salact and drag an area of the graph te zeam in,
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CO2 Density (kg/m3)
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Refrigerant temperature (°C)

The design of the gas cooler pressure regulating valve is very sensitive, as the refrigerant density changes rapidly between
25 and 35°C.(77F & 95F) The proper selection of the expansion valve therefore requires checking different operating points.
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Supervisory & Case Controls

Gas Cooler|Condenser

A}IE Bypass Valve
(CV or EX Valve)
i

HP Valve

-Tq=a CV Valw
High-Pressure Controller | ( alve)

-

MT Compressors (Copeland 4AMTLS)

XNM678(9 Case Controller

_____Gas Detector
MT Expansi Medium-Temperature Evaporators -~
| Valve (EX EEV) i ﬁ
LT Compressors (Copeland Scroll ZO
I LT Expansion and Copeland Scroll Digital ZOD)
¥ Valve (EXEEV)

Low-Temperature Evaporators

OR
CC200 Case Controller”

. J

Py

50|l

E3 €O, Controller*

E3 Supervisory
Controls

Simplified and Intuitive User
Interface

—Intuitive Navigation
—Increased Visibility:
— Priority Actions:

— Fast Response:

— Mobile-Optimized:

—Secure Data:
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Copeland Mobile

Wi 0309 . 0z0

Copeland™ Maobile Main Menu Homo - &

Select Product Type

ZP32K3E-PFV ¥}

‘Status: Obsolete
Select below for further information

Condensing

| ZPIZKIEPFV
| ZP32K3E-TFS
ZP32K3E-TFD
ZP32K3E-PFJ

ZPIZKCE-PFY
£FIZKIE-PFL
ZP3IZKIE-TFE

OO %X

S

Mechanical
Electrical
Performance
Diagnostics
Cross Reference
Momenclaturs
Bill-of-Materials
Service Parts

Wiring Diagrames

O

c IO Ik I©

¥
(F)
¥
P
¥

Electrical

ZP32K3E-PFV 0

Status: Obsolete

= Summary

Fraguency (Hz)
LR High (Amps)

RLA (MCC/1.4) (Amps)

| RLA (MCC/1.58) (Amps)

| MCC (Amps)

=+ Start Capacitor

+ Run Capacitor

+ Potential Relay

230

60

B3.0

17.1

15.4

24.0

EMERSOMN

il Bell = 1:28 P

TR e

_‘_;.‘v.r"'ﬁﬁl'isﬁn -ﬁlllﬁl EE

o i -y
TENTIGN [ ik ATENCHOM

Center the red line an the barc
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AE Bulletins - App, OPI, PSS, CPID,

AE Bulletins

Q, Keywords

= Sections

‘ Refrigerants / Oils

ERAEHSON
e e by 1

ections 4

Alr-Conditioning

AE-1303 - 7 to 15 Ton ZR*KC and ZP*KC
Copeland Scroll Compressors

AE-1311 - 1.5t0 5 Ton ZP5*K4 and
ZP5*K5 Copeland Scroll UltraTech
Compressors

AE-1312 - Application Guidelines for 1.5 to
6.75 Ton Refrigerant R-22, 407C, 1344
Copeland Scroll Compressors

AE-1329 - CR_KQ, CR_K6, CR_5, CR_K7
Hermetic Reciprocating Compressors

AE-1331 - ZP16 to ZP44K3E and ZP14 to
ZP61K5E R-410A 1.5 to 5 Ton Copeland
Scroll Compressors

AE-1338 - ZRH**KJE and ZBH**K.JE
Horizontal Copeland Scroll™ Compressors

AE-1343 - ZRHV72K.JE and ZBHV45K.JE
Variable Speed Horizontal Scroll
Compressors

O O

Guidelines For Refrigerant Conversions

AE Bulletins

Approved Refrigerants and Lubricants

93-11 - Refrigerants and lubricants
approved for use in Copeland™
COMPressars

2005ECT-54 - Refrigerant Changeover
Guidelines HCFC R-22 to HFC R-4044/
R-507

2007ECT-13 - Refrigerant Changeover
Guidelines HCFC R-22 to HFC R-4224A/D
for Medium and Low Temperature
Applications

93-02 - Refrigerant Changeover Guidelines
CFC-12 to R-401A

93-03 - Refrigerant Changeover Guidelines
CFC-12 to R-401B/R-409A

93-04 - Refrigerant Changeover Guidelines
CFC-12 to HFC-134a

A[E

EMERSOM

AE Bulletins

L Discus E‘.umpressud

Search Results

AE-1135 - Cooling Requirements for
Copelametic and Copeland Discus
Compressors

AE-1152 - Transport Refrigeration

AE-1182 - Liguid Refrigerant Control in
Refrigeration and Air Conditioning Systems

AE-1216 - Internal Capacity Control Valves
for 4 6, and 8 Cylinder Compressors

AE-1287 - Copeland Discus Compressors
with Demand Cooling System

AE-1328 - Copeland Digital Compressor
Controller

AE-1334 - Low Condensini Ternierature

COPELAND



COPELAND

Certificate of Completion
is hereby granted to:

In recognition of completing:

Piping & Instrumentation Diagram (P&ID) for CO2 Transcritical
Booster Systems

1.5 Course Hours
Granted: November 15, 2023




Share Your Feedback!

EEE To receive an electronic training certificate:
- 1. Scan orvisit nasrc.org/session-surveys
D 2. Provide your name and email at the end of the survey

Please Note: You will not receive a certificate unless you share your name on the survey form.

SCAN ME

Using P&ID to Further Understand

CO2 Transcritical Booster Systems

Andre.Patenaude@Copeland.com
Copeland

NORTH AMERICAN
Sustainable
Refrigeration

84 7 :
/. Council



Thank you!
COPELAND

Check out
The Unit!
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Natural Refrigerant
Training Summit

CO, Training Unit
Walk Around

Building a Sustainable Technician Workforce
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CO2 TC Booster
Mapping Exercise
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Identify all Components

© oo N o O b~ W0 N -

N N N N ) A M o o
W N -~ O © 0o N o o b @ N =~ O

MT Copeland 4MTLS Compressor
LT Copeland Scroll Compressor
MT Oil Separator

Oil Level Control; MT Qil Separator
Oil Line; MT Press. Reducing Valve
Qil line, MT Solenoid Valve

Outlet Pressure Reg, MT Oil Line
Oil Reservoir

Oil Reservoir, Oil Level Control

Oil Line Sight Glass

Oil Line Filter Drier

Oil Level Regulator for Compressor
LT Oil Separator

Reservoir Press. Reducing Valve
Oil Reservoir Press. Release Point
LT Suction Filter

LT Suction Accumulator

LT Sep. Outlet Oil Solenoid Valve
Access Valve MT High Side

PRV for MT Discharge Line

Gas Cooler

MT Suction Heat Exchanger

Flow Reg Valve for MT Suction HX
MT Suction Filter

MT Suction Accumulator

24
25
26
27
28
29

. .
A _d
CO2 TC Booster
Mapping Exercise £
- '

-

Variable Speed Drive

Sight Glass Gas Cooler Out
High Pressure Valve (HPV)
Sigh Glass at outlet of HPV
Flash Tank / Receiver

Bypass Gas Valve (BGV)

30
31
32
33
34
35

PRV for Flash Tank

Low Liquid Level Control for Flash Tank
Liquid Line Filter Drier

Shut Off Valves to Change Drier Core
Liquid Line Sight Glass

Inlet & Outlet if Liquid to LT Suction HX

36
37
38
39
40
41

COPELAND

EEV for MT Evaporator
MT Evaporator

EEV for LT Evaporator
LT Evaporator

Liquid to LT Suction HX
PRV for LT Suction



	Slide Number 1
	Slide Number 2
	North American Sustainable Refrigeration Council (NASRC)
	Need help? Look for NASRC staff!
	Using P&ID to Further Understand CO2 Transcritical Booster Systems
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Copeland Transcritical CO2 Compressors
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Copeland ZO Scroll Compressors
	Slide Number 32
	POE Oil Viscosity in CO2  Vs Suction Superheat
	Slide Number 34
	Slide Number 35
	Scroll Modulation – How It Works
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Oil Separator
	Oil Separator
	Slide Number 43
	Slide Number 44
	Oil Reservoir
	Slide Number 46
	Oil Reservoir Pressure Reducing Valve
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Emerosn Hall-effect 
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	CO2 Transcritical Booster Systems Gas Cooler 
	CO2 Transcritical Booster System Condenser / Gas Cooler
	% Time Operating in Transcritical Mode�(aka Supercritical Operation)
	Percent of Energy Saving vs. Basic TCB Systems
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	CO2 High Pressure Controller
	Three Examples Same Evaporator Conditions
	Transcritical Mode
	CO2 Density (kg/m3)
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Supervisory & Case Controls 
	Slide Number 80
	Copeland Mobile
	AE Bulletins – App, OPI, PSS, CPID, 
	Slide Number 83
	Share Your Feedback!
	Let’s go �Check out�The Unit!���Thank you!
	Slide Number 86
	Slide Number 87
	Slide Number 88



