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- Insight from a Global Provider of:
natural refrigerants
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Natural Refrigerant Solutions
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Company overview

Europe, North America & Australia
2 ultra-low-charge ammonia-CO, cascade installed

11 transcritical CO, systems (additional in process)
in the U.S.

Food Retail (Supermarkets, Hypermarkets, etc...)
Food Service (Convenience Stores, Fast Food, etc...)

* 249 HFC/CO, hybrid systems and counting

* Natural refrigerant system applications
* Natural refrigerant system Installations
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 Operations in North America, South America, Europe,
Asia, and Australia / New Zealand
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ﬁATMO business case Latest NR projects

Sp @I @ natural refrigerants Ammonia Cascade
June 16 & 17, 2016 - Chicago

Ammonia Cascade Supermarket

* Store Opening: September 2015

* GreenChill Platinum Certified

850 MBh of cooling capacity

* Ammonia (NH,) top cycle (53lb charge)
* CO, low temperature, direct expansion

Benefits

Optimized LCCP

 HFC-free system

e Ultra-low ammonia charge

* Typically 0.75 Ibs./ton refrigeration

45 to 100 lbs. per store
 Up to 20% reduction in total cost of ownership (TCO)

Kysor/Warren Rooftop Ammonia Enclosure

First Practical Ammonia Design for Retail Environments

Based on the ultra low charge



ATI\/IO business case Lessons Learned
sphere natural refrigerants Pulling the Industry to Change
June 16 & 17, 2016 - Chicago
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Main Challenges

* Technician skill level / Proactively expand educational programs

A

 National & Local regulatory codes
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* Availability of component suppliers

Necessary Next Steps

e Technician skillset

* Expand and promote industry training to improve CO, and ammonia knowledge base.

 Regulatory Codes
 Lack of harmonized standards (UL 1995, UL 471, UL 208...)
UL & building code standards not available for A2L (mildly flammable) refrigerants

e Component supplier base

 Heatcraft is continuously looking for and qualifying new suppliers for alternative
systems to improve system cost and payback.




PATMO business case
Msp h ere natural refrigerants

June 16 & 17, 2016 - Chicago

F-gas (E.U.), effective May 20, 2014

Commercial Application GWP Limit Date
Self-contained refrigeration 2,500 2020
Stationary refrigeration 2,500 2020
Self-contained refrigeration 150 2022
Centralized refrigeration 150 2022
— except top side of cascade 1,500 2022

California Air Resources Board (CARB)
Short-lived Climate Pollutant Reduction
Strategy — Proposed April 2016

Commercial Application GWP Limit Date

Non-residential

] . 150 2020
refrigeration

Future Plans

The Move Away from HFC’s
CEC | HCFC HEC | HFC/HFOmewos | NATURAL & HFO
End Game
o, |
R-12 dl R'4=J°4A R-449A | > NH,
] I HFOs & Blends
R-22 %‘ R-507A | HFO Blends ﬁL (A2L) ]
R-448A g |l
HCs & Blends
GWP 150 or less
ODP | 0.055- 1 | 0 | 0 0
GWP \ 1810 — 10910 \ 2100 — 3985 \ ~ 1400 0-150

Next Projects

* Additional transcritical CO, installations

* Transcritical CO, in cold storage application

New Technologies

 Ejector Cycle

* Non-Traditional Refrigeration Technologies

Natural refrigerants are immune to regulatory mandated GWP caps




. Sl 4 XS e >
. : . : ' 4
' . ‘." . . . : . ) ; : i 1
A . - ; . - > . ) R :
; 2 0 X . . . S - - - ;- . s ._ 3 5
; . . . . 2 ; . % . R
. he S ’ . - . '.. ‘,.
2 . - . 2 3 { i ® > ‘. - . < ...
X = : - i B A : : iy - 5 ;
X7 . .. ¥ - " = 2 ® b" g ® Y K. : "., ”
) . . . . . R ) . - [ . ® . A ' ‘-.
4 ' 2 . - . ’ aova . i . . ..
. . ' ; ? . -. AR : . & Fy . 3
" 2 ) i 2 R . e & .
. .'_ . = L ) 2 A‘.o . . .
N i > 2 ° : A S ’ : ¥ v, e e
x I - o e W : 2wy e 0, G
, ¢ . . . - v i . ) . . 2K ... A ‘.i"‘ i .
< é . : g T . >4 : s L .
» . ) - P B < . . 5 - .. ’ . e .
3 . e, ‘ = . < . . ‘8
. . . ; . .. ® % ' A . = . ', .
. . a b/ . : .o' S L J J . ° a e X . 2
S . . 8 5 . - bl *
‘. ., Q. s ..-' P ‘ . .. 3
BT .. S 2L : X Sa . . > - ‘. _..‘. s = . e
. . - v ..o, - . : 7 S ". i - =in = -
ST ¥ 1. . . . "
. . = . - . 2 p . - . .
.o - 3 . i > ) . UL o e .
. . . » A 2 . Y & > : ¢ . =
. . > & s ‘. AR :-. - : > . ....
v . . e 2 = % e S e . g . ' . s
. RS X v e . . .
- ] 7 \; . o i . . &
. - ; B a $ 3 e % ” ; e 5 ) 5 . ) . g
i . . . . i i . < 5 - = 4 X, I . = PO ) 7 . z ‘ o . S .
) ' ; . : . : . . : . o : ' 0 S oA ol AN s e S NI S e <
K S 2 . < o 5 A - E ST ” 2 =T ' o ® H " - 2 s o - A DT ° .. WIS
. : X 0o 2 3 8 ; ’ ne SZES 3 AN : . e » S . bR S
e : : : y ST . . & . . : b > il A 59 L .. 3 . -
. . P e’ 3 : R ARt . . ) Sike p ’ ] = % .- i . . ® S > R o . ; -
' ' : . . >R Gost . - SO X o . 2 L, & 3 A2 - o . o . _ b g P 0
' . . e - % ® s . c: . . - T '.\‘ .-" L \ . 5 % Y . .i l. 4 : ERAE ‘ ety o ) :'. Y T
. : 5 . - i ‘ - ) 8l s "‘ ) o 5 NG, .',. . SR M= B AR o AL e . - . 3 :
. - - A o i . ERRAS AVES . i : . . y wiiv'e a0 = : ) L
. . . 3 g vdl 1 . ; = -._. - x ._ i s . o . .c ] P .
X ) . . A S . - 3 . * o e } ) e 2 p 0.‘ ; : ) f 5 3
. TNt . AT . e Rl ot ' W : % L . . "
$ $ S : . o, >3 L aig e SHESE e % o OUCET : - RO ° v 2 et ) 28 . - ..
-l * o %y 3575 - . X * e te : * .A. 2 . 28 X X o ek . . o : s el : " . ' i
. - > . : . . 7 % 4 > ol : v.'. S .‘ 3 Syl b 58 4 . ' : ' e
v e e A . : S i ° o & e RUICEE BRI g Se e RN T e e s W ® . o ¥ W . e . e . e
. . _ - ) : : Uy ) B . s - Fio ey e R LR e ] °- . . A 2 '
. s ' : . NN . . . - s C -' B : 2 AP SR 5 y _.-' ' '. q. (RGN '. i - AL tite
| A . = . i = - « e, ) il . Qule 3 , Wis ‘. . % . i B 5
gl A B ota . il oo dJune .16 &
i ! . ! o o - . Y A £ 7 : ° S o T A : : g ’
: v . .- s D ® i g X e
b . X < 3t i : . ._ - P :

. o
’ . \ |
. | .
‘ .
‘, d .
. - - . :
: : .
. ’ : . | i
2 3 ' ‘ .
.
| .
.
. .
. . ‘ |
. o
. - . |
.
. ° - .
- . % .
.. ;
! .
P .
. .
. ) ]
’ . l
P 3 }
.
| :
o . >
- p .
.
| X
®. -
. 7 . | |
> .
0 .
.

3
»
.
.
- -
o %
AR
L
.
y -
=5
. . A
B
3 .
.
.
L4 - - .
. T
P s >
. S
5 .
.
. .
e
L
.
. .
’ -
4 .
i ’ 5 S
-
.
.
: -
e -
X .
.
.
Y .
# .
.
- pst S
¥ -
.
E s .
Ll
> » -
.
2 -
.
. SO
.
.
ot
.
® -
: -
.
.
& -
X .
& -
.
. .
.




