Cooling COP

22 . T ENf_SHX=0.2 -I—
= | e — ENf_SH=0.2

— N SHK=02 —
L = e BN SHM=02 COP = _m
8 : ::i:,.;:'*ﬂ Tm - TD
i“J: j‘ =407 -
- - T"EI'I slgiafrlgalr:r.ﬂ prm:::
Maki
Webinar Series
. _ e Wy P *u - : f
o )} c } O b 186 1077 V1M +1/M;
-- . y o : - o ‘f_]'f,a'?"_l f.-.!.

4
EMERSON.

Climate Technologies



Making Sense Webinars

Climate Technologies

Makin
Sense

Webinar Series

Enlarge slides

/ oH]

media  PowerPoint Sense



Making Sense Webinars

Emerson and Our Partners Giving Insight
on the Three Most Important Issues in Refrigeration

We're
Making Sense

of the promising role of new refrigerants.

We're
Making Sense

of energy reduction technologies.

We’'re
Making Sense

of the application of electronics to improve
operational visibility.
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Agenda

Background

What’s Important When Selecting Compressors?
— Mid-Point/Dew Point Differences

— Evaporator vs. Compressor Capacity

— Mechanical Subcooling and Vapor Injection

EER vs. AEER
Annual Energy Analysis
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Industry Market Drivers

—m

[ Operating Cost P - Sustainability Strategy
— GWP Reduction
Economy
‘ Re ulatory Regmts.
/ .
Efficiency \
/
/ \
|Ideal \
| Refrigeration |
\ - System ]
\ . Capital /
\ Maintenance P —
& Safety N
Maintenance Co§ G{)st Complexity
. ’
Food Quality \ = Technology
Pressure & Flamm. ~ ~ Readiness & Avallablllty

~ -

- - -
Maklng
What's Important, And How Can | Evaluate Options? ense




HFC Phase-Down Proposals: North American
Proposal (NAP) and European F-Gas

NAP
Devel'd Countries

120% NA Proposal
Non A5 Countries (US)
Base = HFC +85% HCFC, 2008-2010

F-Gas Review (Draft)

100% /’
-/ NAP
A5 Countries
80%
)
*
NA Proposal ok
60% A5 Countries European
Commission

/

%
20 F-Gas Proposal
(ENVI Proposal Steeper)

PEATMO
&sp here
business case
natural refrigerants

0%

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055

- Will Potential Regulation Drive Me to More or Less Energy-Efficient Options?



http://www.unep.org/ccac

Lower GWP Refrigerant Landscape

Options for New and Existing Applications

{‘:&mmmm =1
‘,\ E-—.—::_‘f."_-— “
=1da=—

- von g S

% ]

_ Which Refrigerant Is Right For Me?

R404A
R407A
R407F
R134a
R410A
N40
XP40
XP10
N13
L40
DR7
R1234yf
Propane
CO,

3922 =—
2107
1825
1430
2088
<1500
<1500
<600
<600
<300
<300
<4
3

1
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Increasing Variations in System
Architectures

Traditional Direct Expansion

| Centralized DX Rack Systems Distributed DX Systems
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Increasing Variations in System
Architectures

Increasingly Complex Systems

Secondary Systems

Cascade CO2 Systems

Retail Space I Machine Room / House lRoofTop

|MT Cases I

| |OO|
=) o]

Retail Space |MachineRoomI House IRoofTop

—— ——————— — — — ]




Increasing Variations in System
Architectures

Transcritical Booster CO2 Systems

Retail Space IMachineRoomIHouse |RoofTop|

Making
System Choices And Complexity Are Increasing Sense



Agenda

What’s Important When Selecting Compressors?
— Mid Pt/Dew Pt Differences

— Evaporator Vs Compressor Capacity

— Mechanical Subcooling and Vapor Injection
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Mid-Point vs. Dew Point

v

Pressure

<

» Per AHRI Standards,
Compressors Are Rated Based

on Dew Point Pressure/

Temperatures

— When there is no glide and assuming
little/no pressure drop, the temperature
at mid-point equals temperature at
dew point

— Mid-Point = Average Coil Temperature

P o 7mid cond =Tldew,cond +
9 Tlbubble,cond /2
g » Tmidevap =7Tlevap, in+
” Tlevap,out /2
Muc,_m,,wﬂ:ﬁ http://www.emersonclimate.com/makingsensewebinars
Making
Sense



Example: R-22 vs. R-407A Compressor

Performance

E!’; Mid/Dew Point Conversion = |EI|£|
Bubble Engineering Units —————————— User Conditions
* | Dew \’7 & Engish ¢ Metric ’7(‘ Dew Point = Mid Point
> L}
2
pu I [EP—— 2 y N Hefngemrrt F{_zz > s s s s s - -
1 *
o % \ Mid Pairt Condmons Dew Point Conditions
é = : Evap. Temp. (°F): Z'DDD I Evap. Temp. ("F): |2CI|]]
n Py |
&_’ : Cond. Temp. (F): 105 I Cond. Temp. (*F):  [105.00
]
| t.' ——————
! ty / ¥ Subcooling (F) D.Dﬂ Bubble Pt. Temp. (F): |1u5_m
pg? 1 "
¢ .; : ] € Laud Temp. (F) [5000 Uquid Temp. (7 [105.00
hy hy - : )
Eﬂtha'PV Calculate
Figure C1: Cycle Process for Single C Refrig and A opic Mixtures
B3 Mid/Dew Point Conversion - =] x|
y
Engineering Units ————————— User Conditions
P @ English " Metric ’7(‘ Dew Point ' Mid Point
a2
: . — . F F F F F F |
9 Refrigerant : IH-i-DTA l
a Mid Poirt Conditions Dew Paint Condttions
g Evap. Temp. (°F): IZUDD I Evap. Temp. ('F): |2364
o Cond. Temp. (*F): |1ﬂ5 I Cond. Temp. (*F):  |108.94
——————
Pas & Subcooling (F)  [0.00 Bubble Pt. Temp. (F): [101.07
€ Liqud Temp. (F) [50.00 Liquid Temp. (F;  [101.07
Calculate

R-22: 20/105°F

Compressor Capacity (Btu/hr):
48,400

Power (W):

4,560

Compressor EER ( Btu/Whr):
10.61

R-407A:24/109°F

Compressor Capacity (Btu/hr):
50,500

Power (W):

5,050

Compressor EER (Btu/Whr):
10.00

Maki
Sense



Evaporator Capacity vs. Compressor
Capacity

= Evaporator capacity or Net Refrigeration Effect (NRE) is the
available effective cooling generated from the system

= Compressor capacity is the cooling capacity generated from the
evaporator capacity as well as the heat gained in the line
between the exit of the evaporator to suction of the compressor

Pressure
(63

Maki
Sense



Evaporator Capacity vs. Compressor
Capacity

. Q = m(hout,vap - hin,liq)

= When compressor superheat® is increased, h,,;,,, T, m |
compressor capacity increases and evaporator capacity
decreases

= When compressor superheat decreases, i, 4, ¥, m T

compressor capacity decreases and evaporator capacity
increases

Traditionally, Compressor Selections Are Based on 65°F Return Gas and

Compressor Capacity at Dew Point With Enough “Safety Factor” to Ensure
There Is Adequate Net Refrigeration Effect for the Required Load

*Compressor Superheat (SH) is often considered in terms of Compressor Return
Gas Temperature (RGT) where RGT = Evap. Temp. + SH

Maki
B Sense



Example: Capacity at Design vs.
Application

= Required Load: 40,000 Btu/hr
= Design Condition: R-407A, +20/105/65RG/0SC/10eSH °F

Model HE Compressor Compressor EER EZ:E;LE.ETF E?EEE:“M Total Req'd Load Cond. Heat
Capacity (Btu'hr) (BtufWh) (Btu/hr) (Btu/Wh) (%) Rejection (Btu/hr)
ZBARKCE-TFD 6.00 47,800 10.04 42,700 8.97 119.5 64,046

Condition

407A, ZB45KCE-TFD

20/105/65RG/10eSH °F
Dew Point Design
Mid-Point Design
45RG/10eSH (Lower RG)
ZB38KCE-TFD (Smaller Comp)

Comp.
Cap.

(MBH)
47.8 119%
50.5 f 126%
49.6 | 124%
43.3 108%

42.7
453 1
477 1
41.6

107%
113%
119%
104%

Maki
Sense




Subcooling

8

Condenser
Mechanical SC System: L
.7 = LT Case Load \ g
Qut = MT Case Load + SC Load 5 5
EVI System E “1  Mechanical Subcooling
(@)
Q1 =LT Case Load TEV |
Qur = MT Case Load +SCtLead oy Evaporator
Total Store Annual Energy Comparison Condenser F
1,200 1% ; Solenoid 2
1,000 . -6% 3 Valve c
= 800 - EVI
§ 600 u HX BTEV Scroll 1
= 400 -
200 N Evaporator
TEV
0 - 4 T8Vs5
NoSC MechsC  EVI “Self” Subcooling With EVI

Assumes LT: 300MBH, MT: 900MBH in Atlanta, GA

* Maki
. i,



Agenda

= EER vs AEER
= Annual Energy Analysis
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EER vs. AEER

= EER (Energy Efficiency Ratio) is the measure of compressor
efficiency at a single rating condition found by dividing the
capacity by input power at that rating condition
— Often, the rating condition is based on design for “worst case” condition for

the system/location

= AEER (Annual Energy Efficiency Ratio) is a weighted average
performance for a refrigeration system, using varying
condensing temperatures tied to the actual weather data for a
location

| Maki
B Sense



EER vs. AEER Example:
Atlanta, Georgia

= Design Ambient = Annual Ambient

2013 ASHRAE Handbook - Fundamentals (IP) ©2013 ASHRAE, Inc 1500 4 r r . r . T T T . . r T T T T T T r T T
ATLANTA MUNICIPAL, GA, USA wnoE 722190 1,400 2,760 Hours|
1,300 ¥
Lat: 33.64N Long: B84.43W Elev: 1027 stwp: 14.16 Time Zone: -5 (NAE) Period: 86-10 wean: 13874
Annual Heating and Humidification Design Conditions 1200
Codest HeatngD3 | DP/MCDB and HR I Coldest month WSIMCDB [ mCWsPCWD 1100 ¥
ot ng [ TR T = I 4% 1% o 99 6% DB # 1000 F
" [Tesew | oe% | ©op | hR [ wcos | ©F | e | mcos | ws s
(=) ib) ic) td) (=) (f) {3) (h) (i) i) (k) (1 (m) (n) (o) =] 9S00 F
Il 1 215 26.4 42 71 28.6 91 9.1 322 24.9 399 23.5 40.0 19 320 1) I
Annual Cooling, Dehumidification, and Enthalpy Design Conditions s &0
.
Hottegt | Fotest | Ceoling DEMCWE I WEMNCDB [ MCWSPCWD g 700
Monty | Montn [ 0.4% | % T % 0.4% 1% T 7% | to04%DB 'E 6500
oMM |pBRange] DB | MCWB | DB | Mcwa | DB__| MCWB | WB | MCDB | WB | MCDB | WB | MCDB | MCWS | PCWD 5
(=) ib) ic) td) (=) (f) {3) (h) (i) i) k) o (m) in) (o) (r) = BOD
@ 7 17.0 93.9 742 anr 73.9 89.8 73.5 773 88.5 76.4 86.7 75.4 85.0 8.7 300 2]
[ 3 i GP/MCDB and FR T Enihalpy/MCDB Fours 400 1§
[ 0.4% I 1% I 2% | 04% I 1% | % 81048
[[OF [ Pr [ Wmcos | _©P | FHR [ WMCOB | ©Op | HR | WMCDB | Enh | WCDB | Enth | WCDB | Emh | WCDB | 5869 300
(a) ie) ie) id) fe) () ig) (h) {i) i) (k) o (m) in) (e) (e} 200
@ 743 1334 81.3 733 128.7 80.2 7286 125.5 796 414 885 404 86.7 395 85.6 800 (3
weme Annua g o 100
[ Extreme Annual WS Extreme | Extreme Annual DB n-Year Retum Period Values of Extreme DB | \
Max Mean ] Standard deviation n=5 years [ __n=iOyeas [ n=2Oyears [ n=SOyeas |
% 7% 5% WB Win_| Max | Min | Max Min_| Max | Min [ Max | WMin | Max | WMin | Max | o 5 10 15 20 25 30 35 40 45 50 55 B0 65 70 75 80 8 90 100 105
(a) (b) ie) (d) (e) (f) (a) (h) (i) (i) (k) o {m) (n) (0) (el i )
“ 215 19.0 7.4 82.4 14.1 96.7 44 33 109 99.1 83 101.0 58 102.9 26 1053 @9 Ambient Tem Hmum { F,

Weather Data Based on Typical Metrological Year (National Solar
Radiation Database, Years: 1961 — 1990).

Extreme Annual Design Conditions

Extreme / Extremik Annual DB
Extreme Annual WS Max Mgan Standard deviation
1% | 25% | 5% WB Min Max Min | Max
fa) (b) fe) (d) el {f) (gl (h)}

21.5 19.0 171 82.4 141 96.7 44 33

2013 ASHRAE Handbook Fundamentals (IP)

https://www.ashrae.org/news/2014/revisions-to-climate-data-standard-from-ashrae-include-new-climate-zone-climatic-data
SMaking
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Estimated kWh/yr for 1I5MBH Design
R-404A, +20/112/40RG/0SC/10eSH °F

 EER

= AEER

IEITE[} Annual Energy Used by Primary Comp.
(KWh:

I’I 3,150 Annual Energy Used by Mech. Subcooling

10 Comp. (KWh}:
|1 3 61 nnual Energy Used by Evap. Fan (kWh:

i — Dutput

Results Annual (Hours):

. e Evap. Capacity (Btu/hr):
Compressor Capacity (Btu/hr): 15,850 B e e e

. . PP i
Met Refrigeration Effect (Btu/hr): 15,150 I' Overall AEER (Btu/Wh):
) |1 Design Point
Power (W) 2,080
System Capacity (Btu/hr): |1 5,150

Compressor EER (BtufWh): 778 System EER (Btu/Wh): I?
Evaporator EER (BtunWh): 7.38 Cond. Heat Rejection (Btu/hr): |22,94?

Annual Energy Used by Cond. Fan (KWh):
Total Annual Energy Used (KWh):
Total Annual Energy Cost (S):

—
—
—

Gais
o

— Atlanta, GA

— Fixed Load

— Min. Cond 70°F

— Evaporator Based

S
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Emerson Product Selection Software
Annual Energy Analysis

— -
roduct Selection Software - [PSSP Design \< Weather \< Project \\
=i e Options View Tools w

= R WA — Design Conditions
| - Main Menu :: ~ = . . —TEFI'ID Rﬂngﬂ - ] - : :
§ Annual Energy Analysis Refrigerant: IR""}TA ]v Tt e
B - - L ILOW Temp. j ¥ Evaporator " Compressor
2 " DewPoint % Wid Point |
| | o {130,000 |143,14a |
Evap. Temp. (*F): Im Impr = J
Copeland - — Load Profile
Cond. Temp. (*F): 105.0
o CF) I @ Fied .. | Variable
Minimum Cond. Temp. (*F): 50.0 Wapor Injected Compressor(s)
 Simple  Advanced
Evap. Superheat (°F): |5 ¥ Yes " Ho
Basis: Bin Analysis
{* Const. Return Gas Temp. (*F) { Const. Compressor Superheat (°F) ’7 ™ Mid Point = Even
Return Gas Temp. (*F): |4I}

— Liguid Subcooling — Heat Sink
Required: i Yes Mo i* ‘fariable
— Condenser-Ambient AT (*F): |1|}
Caonstant Liquid Temp. j = Constant
Condenser Subcooling (F): ID.D |
Natural Subceoling (F): ID.I} —Fan
Economizer Subcooling (F): |51 0
Evaporator (W): Iﬂl " Include ¢ Exclude
Total Subcooling (F): |51 0
Liguid Temp. (*F): ISI].I} |
Condenser (W ID " Incude % Exclude
— Energy
Rate (S/KWh): II}.I}E |

Analysis =» X Close

Report | = ﬁaveﬂsl Load | Reset

S Tools . Note: Choose Save button after entering Project Information, Selection of Weather City and specifications of Design Parameters. Next, chooze Close
o button to close Project Details Window. Mext, select Analyzis from Main Screen to perform Annual Energy Calculations. ou can proceed directhy to
Annual Energy Anahysis without saving Project Details contents by selecting Analysis button.

Maki
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Emerson Product Selection Software

Annual Energy Analysis

Design \( Weather \‘{ Project \

— Design Conditions

Refrigerant;

" Dew Point
Evap. Temp.
Cond. Temp. (*F):

Minimum Cond. Temp. (*F}:

Evap. Superheat (*F):

=" Mid Point

Temp Range

|1I}5.I}
ISD. 0 apor Injected Compressor(s)
|5 ’7 * Yes " Mo —‘

Return Gas Temp. (*F}:

{* Const. Return Gas Temp.

°F) {~ Const. Compressor Superheat (°F)

lw—

Required Load Basis
i Compressor

.

 Simple " Advanced

" Mid Point % Even

” Basis: Bin Analysis

— Liguid Subcooling
Required: ¥ Yes

Constant Liquid Temp. j
Condenser Subcooling (F):
Natural Subceoling (F):
Economizer Subcooling (F):
Total Subcooling (F):

Liquid Temp. (*F):

Condenser-Ambient AT (*F): |1 ]

— Heat Sink
N {+ Variable
" Constant
—Fan

21.0
51.0

Evaporator (W):

I{]l " Include ¥ Exclude

50.0

EEENE

— Energy
Rate (S/KWh):

Condenser (W):

I{l " Include ¥ Exclude

g‘
oy

Analysis =>

Report | = ﬁaveﬁsl

X Close

Load | Reset

MNote: Choose Save butten after entering Project Information, Selection of Weather City and specifications of Dezign Parameters. Next, choose Cloze
button to close Project Details Window. Mext, select Analysis from Main Screen to perform Annual Energy Calculations. “ou can proceed directly to
Annual Energy Analysis without saving Preject Details contents by selecting Analysis butten.

S
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Emerson Product Selection Software
Annual Energy Analysis

Design \( Weather \‘{ Project \

— Design Conditions
Refri t R-407A [~ Temp Range
efrigerant: - . .
ILow Temp. j {* Evaporator " Compressor Req uired Load BaSIS’
" DewPoint € Mid Point | Matches Compressors
Evap. Temp. (*F): = | CE*IF"PFE‘“"”S o Based on Evaporator or
Copeland - — Load Profile Compressor Capacit
Cond. Temp. ("F): 105.0 p p y
o CF) [ & Fixed ... |C Variable
Minimum Cend. Temp. (*F): 0.0 Wapor Injected Compressor(s)
 Simple " Advanced
Evap. Superheat (F): |5 1+ Yes " No
Basis: Bin Analysis
{* Const. Return Gas Temp. (°F) {~ Const. Compressor Superheat (°F) ’7 i~ Mid Point i* Even
Return Gas Temp. (*F}: |4IJ
r— Liguid Subcooling — Heat Sink
Required: F Yes T No {* “ariable
— Condenser-Ambient AT (*F): |1|:|
Constant Liquid Temp. j = Constant
Condenser Subcooling (F): ID.D |
Natural Subceoling (F): IIII.EI —Fan
Economizer Subcooling (F): |51 0
Evaporator (W): I{]l  Include ¥ Exclude
Total Subcooling (F): |51 0
Liquid Temp. (*F): 50.0 |
Condenser (W): I{l " Include ¥ Exclude
— Energy
Rate (S/KWh): 0.08 |
Analysis == Report | = Save As | Load | Reset X Close

MNote: Choose Save butten after entering Project Information, Selection of Weather City and specifications of Dezign Parameters. Next, choose Cloze
button to close Project Details Window. Mext, select Analysis from Main Screen to perform Annual Energy Calculations. “ou can proceed directly to
Annual Energy Analysis without saving Preject Details contents by selecting Analysis butten.

Maki
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Emerson Product Selection Software
Annual Energy Analysis

Design \( Weather \‘{ Project \

— Design Conditions
—Temp Range ——— | - :
Refrigerant: IFt—4D?A vI prang Required Load Basis
ILow Temp. j {* Evaporator " Compressor
" DewPoint ¥ Mid Point |
e {130,000 |14a,143 |
TSRt I—m DMPressors
| Copeland | Load Profile
C.Dng Tl IS
" vinimum cona. Temp. (P Minimum Condensing
Temperature
Evap. Supe
{* Const. Return Gas Temp. (°F) " Const. Compressor Superheat (°F) ™ Wid Point {* Even
Return Gas Temp. (*F}: |4I]
— Liguid Subcooling —Heat Sink
Required: F Yes T No {* “ariable
— Condenser-Ambient AT (*F): |1|]
Constant Liquid Temp. j = Constant
Condenser Subcooling (F): ID.D |
Natural Subceoling (F): II}.EI —Fan
Economizer Subcooling (F): |51 0
Evaporator (W): I{]l  Include ¥ Exclude
Total Subcooling (F): |51 0
Liquid Temp. (*F): ISD.I} |
Condenser (W): I{l " Include ¥ Exclude
— Energy
Rate (S/KWh): II}.GB |
Analysis == Report | = Save As | Load | Reset X Close

MNote: Choose Save butten after entering Project Information, Selection of Weather City and specifications of Dezign Parameters. Next, choose Cloze
button to close Project Details Window. Mext, select Analysis from Main Screen to perform Annual Energy Calculations. “ou can proceed directly to
Annual Energy Analysis without saving Preject Details contents by selecting Analysis butten.
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Emerson Product Selection Software
Annual Energy Analysis

Design \( Weather \‘{ Project \

— Design Conditions

Temp Range ———— | [ _ - .
Refrigerant: IF.:_m?A vI ’7 a g Required Load Basis
Vl

ILow Temp. {* Evaporator " Compressor
{" DewPoint % Mid Point |

{130,000 |14a,143 |
Evap. Temp. (*F): Im
hi — Load Profile
Cond. Temp. (*F): |1I}5.I} J

¥ Fixed _| =
Minimum Cend. Temp. (°F): _ Select Vapor |njeCted
C Mo . Compressor(s) When
SRR Using EVI Scrolls for
&L Subcooling

Compressors

| Copelang

“apor Injected Compressor(s)

Evap. Superheat (°F); 1+ Yes

{* Const. Return Gas Temp. (°F) {~ Const. Compressor Superheat (°F)

lw—

Return Gas Temp. (*F}:

< quid Subcooling Or Indicate Mechanical
Required: ¥ Yes . .
S S}Jbgoollng and Required e e
= e Liquid Temperature Here
Condenser Subcooling (F): ID.D
Natural Subceoling (F): II}.EI —Fan
Economizer Subcooling (F): |51 0
Evaporator (W): I{]l  Include ¥ Exclude
Total Subcooling (F): |51 0
Liquid Temp. (*F): ISD.I}
_l Condenser (W): I{l " Include ¥ Exclude
— Energy
Rate (S/KWh): II}.GB . |
Analysis == Report | = Save As | Load | Reset X Close

MNote: Choose Save butten after entering Project Information, Selection of Weather City and specifications of Dezign Parameters. Next, choose Cloze
button to close Project Details Window. Mext, select Analysis from Main Screen to perform Annual Energy Calculations. “ou can proceed directly to
Annual Energy Analysis without saving Preject Details contents by selecting Analysis butten.
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Design \( Weather \‘{ Project \

— Design Conditions
—TempRange ———— | [ _ - -
Refrigerant: IR—4D?A vI prang Required Load Basis
ILow Temp. j {* Evaporator " Compressor
" DewPoint ¥ Mid Point |
e {130,000 |143,145 |
Evap. Temp. (*F): Im |:r|mpress.urs J
Copeland - _w ) )
Cond. Temp. (°F): 105.0 g
p. (°F) [ G Fxed . |y Variable Modify Load Profile
Minimum Cend. Temp. (*F): 0.0 Wapor Injected Compressor(s N
" Simple  Adeqnced
Evap. Superheat (*F): |5 i+ Yes " Ho M
Basis: Bin Analysis N
{* Const. Return Gas Temp. (°F) {~ Const. Compressor Superheat (°F) ’7 i~ Mid Point a &yen
N
Retum Gas Temp. () fe x|
r— Liguid Subcooling — Heat Sink ‘
Required: F Yes con & Variable V%rlable Lt;ad P/r\ofillg fot( Low
— Condenser-Ambient 4T emperature Applications
Constant Liquid Temp. j = Constant

Condenser Subcooling (F): |

Natural Subceoling (F): —Fan 10

Economizer Subcooling (F): 51.0 09
Evaporator (W): II}  Include

Total Subcooling (F): 51.0

LN

Fraction of Design Load

Liquid Temp. (*F): 50.0 |
Condenser (W): ID " Include 0.7
— Energy
Rate (5/KWh): 0.08 | 056 :
0 10 20 30 40 S50 60 70 80 90 100 110 120 130 140
Analysis >> | | | esel = S =
analy L ald = e e — Ambient Air Temperature (°F)

MNote: Choose Save butten after entering Project Information, Selection of Weather City and specifications of Dezign Parar _ _
button to close Project Details Window. Mext, select Analysis from Main Screen to perform Annual Energy Calculations. e |S°“’°e3 Oak Ridge National Laboratory. |

Annual Energy Analysis without saving Preject Details contents by selecting Analysis butten.
Qg X Close I
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Design \( Weather \‘{ Project \

— Design Conditions

—TempRange ———— | [ _ - -
Refrigerant: IF{—4U?A VI . - Reguired Load Basis
ILow Temp. j {* Evaporator " Compressor
" DewPoint ¥ Mid Point |
e {130,000 |14a,143 |
Evap. Temp. (*F): Im IZPII'HDI'E-S-S-DI'S J
Copeland - — Load Profile
Cond. Temp. ("F): |1IJS.IJ
PR * Fixed .. |r Variable
Minimum Cond. Temp. (F): 50.0 Wapor Injected Compressor(s)
 Simple " Advanced
Evap. Superheat (*F): |5 ¥ Yes " MNo
Basis: Bin Analysis
{* Const. Return Gas Temp. (°F) {~ Const. Compressor Superheat (°F) ’7 i~ Mid Point i* Even
Return Gas Temp. (*F}: |4IJ

— Liguid Subcooling —Heat Sink
Required: F Yes T No /mle .
—p—— < - Condenser-Ambient AT (*F): Adjust Condenser-
onstant Liquid Temp. = Constant .
S~ Ambient TD
Condenser Subcooling (F): ID.D |
Natural Subceoling (F): IIII.EI —Fan
Economizer Subcooling (F): |51 0
Evaporator (W): I{]l  Include ¥ Exclude
Total Subcooling (F): |51 0
Liquid Temp. (*F): 50.0 |
Condenser (W): I{l " Include ¥ Exclude
— Energy
Rate (S/KWh): 0.08 |
Analysis == Report | = Save As | Load | Reset X Close

MNote: Choose Save butten after entering Project Information, Selection of Weather City and specifications of Dezign Parameters. Next, choose Cloze
button to close Project Details Window. Mext, select Analysis from Main Screen to perform Annual Energy Calculations. “ou can proceed directly to
Annual Energy Analysis without saving Preject Details contents by selecting Analysis butten.
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Design (" weather ; Choose Weather Data
— Design Conditio Here
. — Temp Range
Refrigerant: R-4074 =
*' Ewaporator Compressor
{" DewPoint % Mid Point |
e {130,000 |14a,143 |
Evap. Temp. (*F): Im |:r|mpress.urs J
Copeland - — Load Profile
Cond. Temp. ("F): 105.0
p- CF) [ & Fixed ... |C Variable
Minimum Cend. Temp. (*F): 500 Wapor Injected Compressor(s)
 Simple " Advanced
Evap. Superheat (*F): |5 ¥ Yes " MNo
Basis: Bin Analysis
{* Const. Return Gas Temp. (°F) {~ Const. Compressor Superheat (°F) ’7 i~ Mid Point i* Even
Return Gas Temp. (*F}: |4I]
— Liguid Subcooling —Heat Sink
Required: F Yes T No {* “ariable
— Condenser-Ambient AT (*F): |1|]
Constant Liquid Temp. j = Constant
Condenser Subcooling (F): ID.D |
Natural Subceoling (F): II}.EI —Fan
Economizer Subcooling (F): |51 0
Evaporator (W): I{]l  Include ¥ Exclude
Total Subcooling (F): |51 0
Liquid Temp. (*F): ISD.I} |
Condenser (W): I{l " Include ¥ Exclude
— Energy
Rate (S/KWh): II}.GB |
Analysis == Report | = Save As | Load | Reset X Close

MNote: Choose Save butten after entering Project Information, Selection of Weather City and specifications of Dezign Parameters. Next, choose Cloze
button to close Project Details Window. Mext, select Analysis from Main Screen to perform Annual Energy Calculations. “ou can proceed directly to
Annual Energy Analysis without saving Preject Details contents by selecting Analysis butten.
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Annual Energy Analysis

Design Weather Project
— Weather City
i X 84 1W
Country: IUSA j Latitude:
Longitude: 39 54N
State: foH =

Min. Temp. (*F):
City:

Max. Temp. (*F}: 91

179

— Analysis Period — Time Frame:
* Full Year " Partial Year {¥ 24 HrDay " User Defined
Start Date (MW/DD): IJﬂn vl |1 v| Start: |UU |Ar-1 v|

End Date (MM/DD): |De-: vI M- End: |”“ |P'-1 :l‘

After Project Details Are
Finalized, Click

“Analysis”

Analysis »» ] Save As Load Reset X Close

.

Neote: Choose Save button after entering Project Information, Selection of Weather City and specifications of Design Parameters. Next, choose Close
butten to close Project Details Window. Next, select Analysis from Main Screen to perform.Annual Energy Calculations. You can proceed directhy to
Annual Energy Analysis without saving Project Details contents by selecting Analysis button.
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Product Selection Software - [PSSProject]
= Options: Tools: Help

0S| E R EE S e

File View Windows

=5]x]

Date: February 17, 2014 Engineering Units: English Version: 1.0.40 (6)

Days Remaining for Next Update: 72

Database Version: January 30, 2014

Search Box - Compressors
Compressor Selection : Step lYHeatExd’\anger : Step 1.1\(Mcdulaﬁc teps : Step 2
Resuils
i i Compressor i Evaporator IEvapDralDr Return Total i RLA i i i
Model Refrig HP Capacity Capacity EER Gas Temp. | Subcooing | Volts pn | Hz E:;E”; meeng) | ;::A ] Total R(:‘:']d Load - C;:)dn ?;Z(mr) o S”CEDE’;‘"”E:M C?g‘t: @EER Modulation Notes
(Btuhr) (Btulhr} (Btufih) CF) F) B} | amps) pe) I pa

ZFIKVETFD | R407A | NA 16,900 14,500 482 40.0 510 460 3 60 | 530 89 82.0 13 27,241 3,750 16.55 EVI -

ZFIBKVETFD | R40TA | NA 25,000 22,000 508 200 510 250 3 0 | 720 94 700 39,778 5582 1713 EvI -

ZFISKVETFD | R407A | 75D 31,100 27,200 523 200 510 250 3 | &0 | 820 1s 990 48,848 6873 1767 EvI -

ZF34KSETFD  A4DTA | NA 41,500 820 36,400 544 400 510 280 3 80 | 1280 184 1000 54,333 9183 18.08 EvI -

| ZFAIKSETFD R407A  HA 51,600 6.20 45,300 544 100 510 160 3 60 1595 179 1250 79,996 1,414 18.05 Evi —

ZFIQKSETFD  A4DTA | NA 61,900 873 54300 547 400 510 280 3 &0 | 1815 200 1390 95,791 13,696 1814 EvI -
ZFDI3KVE-TFD  R40TA | NA 16,900 558 14,900 492 20.0 510 260 3 80 | 530 89 820 27,241 3,750 1655 EVI + Digital —
ZFDIBKVE-TFD | R-407A | NA 25,000 577 22,000 508 400 510 280 3 80 | 720 94 700 39,778 5582 1713 EV1 + Digital -
ZFO2SKVE-TFD | R-407A | NA 31,100 598 27,200 523 400 510 280 3 &0 | 820 13 990 43,348 8873 1767 EV1 + Digital -

Select Compressors,
Then Click “Modulation
| »
|
& Remove | |z Save As | Reset | Project Details Ventil. Air Comp. Sel. Report
[~ Compressors for AEER Calculation
Capacity Evaporator Evaporator Subcooling RLA
aty. i?:“u"" Step Model HP C:“Tg?‘;mm CD"‘("E&?]::IE:)EER Capacity EER jizalpegricad RE.C;:;’H P;i:,hr) Capacity c?&:ﬁiin Votts | Ph. | Hz E:A”;:e"; nere) ;r;‘m ) | Moduistion Notes Appiicati
PP | Down pal (Bturhr) (Btu/Wh} e (Btu/hr) P} | (Amps) s
1~ 4 i3 ZFD25KVE-TFD NA 31,400 5.8 27,200 523 209 43,348 6,873 17.67 460 3 |60 | 820 | 1.9 | 930 |EVI+Digi. = Low Temp, Econa|
1= B § ZF1EKVE-TFD NA 25,000 577 22,000 508 189 39,778 5542 1713 480 3 (80| 720 | 84 | 700 EVI - Low Temp, Econol
1= B $ ZF34KSE-TFD NA 21,500 820 38,400 s42 28.0 54,333 9,183 18.06 480 3 |80 | 1280 | 184 | 1000 EVI - Low Temp, Econol
1= $ ZF41KSE-TFD Na 51,600 520 45,300 44 143 79,995 11,414 18.08 460 3 |80 | 1888 | 178 | 1250 EVI - Low Temp, Econol
1| | »
4 Total 149,200 6.08 130,900 533 100.7 232955 33,012
Note: Right mol=e sick Sol=st=d comprassar from =t 15 visw Spasific Foint or Full Matrx Ferformanse, Operating Envalops, Extimats
Eleatrioal Current, Cond. Hest Rejestion, Annus| EER, Drawing, Wiring Disgram, BOM, System Report & Mech. Room Vantil Air
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Product Selection Software - [PSSProject] _|5 ﬁl

Options  View Tools Windows Help - 8 X
S W R =L ] /
Search Box - Compressors

: Step ].YHeatExdﬂanger : Step ]..1\<Mudulaﬁen Steps : Step 2 ¥ Owverall AEER : Step 3\<Summary - Annual Analysis : Step 4\<Compressor -Info : Step 5

Compressor Selectio

From “Modulation
Steps”, Select “Overall

”
AE E R - Contact:  NA Location:  Dayton, OH (USA)
i Designload —
Al I (H: 8,760 Liquid Te ) 50.0
nnual (Hours): 2750 Liguid Tem. CF) Design Evap. Load (Btu/hr) 120,000
€ Dew Point % Wid Point Return Gas Temp. (°F) m Economizer Subcooling (F) |51 Evap. Capacty (Btu/hr): 130,000
Evap. Temp. (°F) -22 3 Fy-
P p. (°F) Minimum Cond. Temp. (*F}: 50 Matural Subcooling (F): ID Econo. Subcooling Capacity (Btuhr): 37,353
ErEE A 405 Condenser-Ambient AT (°F 10 Overall AEER (Bufth [ess
) ( ) Natural Subcooling Capacity (Btu/hr): |0
Evap. Superheat (°F): 5
Power Supply: 450V, 60Hz, 3 Ph Analysis Period: Full Year Load Profile: Mariable: Advanced (Low

Ambient Air Bin Con
Temp. (°F) | (Hours) | Temp.
104,000 114,500
5 19 50 104,000 114,500 0 12,730 11,563 - - - 11,563
0 60 50 104,000 114,500 0 12,730 11,563 - - - 11,563
5 &7 50 104,000 114,500 0 12,730 11,563 - - - 11,563
10 156 50 104,000 114,500 0 12,730 11,563 - - - 11,563
15 292 50 104,000 114,500 0 12,730 11,563 - - - 11,563 =
4 | _’l_l

Notes: Vapor Injected Compressor(s) based Systems do not require Mechanical Subcooling Compressaor,
For this reason, AEER value show only Primary Compressor(s).

User specified Subcooling or Liquid Temperature may not be constant for all Temperature Bins for AEER
Analysis of VI compressors due to design of Economizer Cycle.

Change Settings

Report Bin Analysis
Results

Note: Right mouse click selected compressor from list to view: Specific Point or Full Matrix Performance, Operating Envelope. Estimate
Electrical Current, Cond. Heat Rejection, Annusl EER, Drawing, Wiring Diagram, BOM, System Report & Mech. Room Venti. Air

Date: February 17, 2014 Engineering Units: English Version: 10,40 (8) Days Remaining for Next Update: 72 Database Version: January 30, 2014
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aProdnct Selection Software - [PSSProject] _|5 ﬁl
= File Options View Tools Windows Help - 8 X

S B W R E-TENRHL
Search Box - Compressors

Compressor Selection @ Step ].YHeatExdﬂanger : Step ]..1\<Mudulaﬁen Steps : Step ZYDveral\ AEER : Step 3\<Summary - Annual Analysis : Step 4\<Compressor -Info : Step 5
—_— _— —_— —_— — _— — _— — —_— — —_— _— —_— _—

B changesettmgss % SEET
I — Weather City
Country USA

I j — Basis: Bin Analysis

Stte I - & ot =

=
o
5
=
o
=
£

Minimum Cond. Temp. (°F). |50

Foo Desonload — |
; 130,000
C I D‘E an - O Design Evap. Load (Btu/hr): 3
ity Iyt _| ¥ Even 9 F 51 || evap. Capacty @tume): 130,200
(F) |° Econo. Subcooling Capacty (Btuwhr): [37,353
. h 9.59
— Load Profile — AEER Calculation Method — ) Natural Subcooling Capacity (Btuhr): [0

" Fixed {* ‘ariable

" ByEER

_ : | Change Some Project
C simple @ Advanced [Low Temp. | @' By Capacty ) | somerew | Details and Re-Run for
Comparison of Results

Reset |].|.I.I.I.[|.I.|.J v oK | X Cancel

Notes: Vapor Injected Compressor(s) based Systems do not require e ical Subcooling Compressor,
For this reason, AEER value show only Primary Compressor(s).

Araieie oV emprsore s o dedignof Coonomizer Cyc: x‘\a i

2\

Change Location
Increase Minimum Cond. Temp.
Modify Load Profile

Change Refrigerant

Change Design Load Maki
Change Design Condition S aKing

Requires a New “Project” ense

Note: Right mouse click seleoted compressor from list to view: Specific Point or Full Matrix Performance, Oy
Electrical Current, Cond. Heat Rejection, Annusl EER, Drawing, Wiring Diagram, BOM, System Report & Me

Date: February 17, 2014 Engineering Units: English
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51 Product Selection Software - [PSSProject] _|5 5'

Options View Tools Windows Help - 2 X
Q5 H B W o 0 & 2
Search Box - Compressors

Compressor Selection : Step D{HeatExd«anger : Step 1.1\<Mudulah'nn Steps : Step 2\{0ueran AEFR ;

Summary - Annual Analysis : Step 4\{Cumpressm ~Info:Step5

“Summary: Annual

Analysis”

[ Design Condition Project Information 1
Refrigerant R-407A | Liquid Temp. (°F): [z ’;m)em Name:  NA Contact: NA Location: Dayton, OH (USA)
€ Dew Point ¢ Mid Point Economizer Subcooling (F): |51
[~ Output
Evap. Temp. (*F): Natural Subcooling (F): IU Annual (Hours): IBITGD Annual Energy Used by Primary Comp. 18,804 O1la A a
— } . ) :
g Electricity Rat hy: Jo i ;
Cond. Temp. (F) 105 TRz D) Evap. Capacity (Btuhr): [130,800  Annual Energy Used by Mech. Subcosing —
Evap. Superheat. (°F) 5 Condenser Fan (W): |u Evap. Capacity Over Design I”— Comp. (ih): elrd 0
Condenser-Ambient AT (F). 10 Evaporator Fan (W) [o &L I— Annual Energy Used by Evap. Fan (kWh): [0
Overall AEER (Btu/Wh): |9.59 : : . Vi
. a0 e Doy
A E TR (R Load Profie:  Variable: Advanced IR 0
Winimum Cond. Temp. (*F). 50 FIEIARR o SYSIEs Care Sy Etus 120.900 W rotal Annual Energy Used (kivh) 118,304
Analysis Period: Full Year System EER (Btu/Wh): |5-33 Total Annual Energy Cost (S): |9‘5EM
Design Evap. Load (Btuihr): Cond. Heat Rejection (Btumr: [232,955

Selsctsd: Primary Compressors
ZFORSKVETFD (1), ZFBKVETFD (1), ZF34KSE TFD (1), ZF4TKSETFD
)

Primary Compressers (@ OF Subeooling) 93547 111,628

Natural Subcooling (@ 0F) 0 ]

Economizer Subcooing (@ S1F) 33012 23,012 . FLEEEE IR EINIEEELE
N

4| B

Notes: Vapor Injected Compressor(s) based Systems do not require Mechanical Subcooling Compressor,
For this reason, AEER value show only Primary Compressor(s).

User specified Subcooling or Liguid Temperature may not be constant for all Temperature Bins for AEER
Analysis of VI compressors due to design of Econemizer Cycle.

System Report Changeﬁeﬂingsl Report | X Close |

Note: Right mouse click selected compressor from list to view: Specific Point or Full Matrix Performance, Operating Envelope, Estimate
Electrical Current, Cond. Hest Rejection, Annual EER, Drawing, Wiring Diagram, BOM, System Report & Mech. Room Venti. A

Date: February 17, 2014 Enginesring Units: English Version: 1.0.40 (8) Days Remaining for Next Update: 72 Database Version: January 30, 2014

: Makin
Software Available From Online Product Information (OPI) at http://www.emersonclimate.com Sensg




Thank You!

Questions and Answers

DISCLAIMER

Although all statements and information contained herein are believed to be accurate and reliable, they are presented without guarantee or
warranty of any kind, expressed or implied. Information provided herein does not relieve the user from the responsibility of carrying out its
own tests and experiments, and the user assumes all risks and liability for use of the information and results obtained. Statements or
suggestions concerning the use of materials and processes are made without representation or warranty that any such use is free of patent
infringement and are not recommendations to infringe on any patents. The user should not assume that all toxicity data and safety measures
are indicated herein or that other measures may not be required.
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