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Thomas Edison and an electric car in 1913 2011 — Electric car
(courtesy of the National Museum of American

History)
“The electric car has long been recognized as ‘ideal’ because it

was cleaner, quieter and much more economical than gasoline-
powered cars.” — The New York Times, Nov. 12, 1911



TECHNOLOGY EVOLUTION

Early CO, refrigeration compressor 2011 — CO, supermarket system



HISTORY OF CONTAINERIZATION

Pre-1950s



CO,e FROM SHIPPING

Intnl Shipping

Intnl 3%

Aviation 2%

Road Transport

21% Electricity & Heat

Production
35%

Mfg & Const
18%

Other Energy Other
Industries 16%
5%

Source: IMO GHG Study, 2009

International shipping emissions total estimated 3% of global CO.e.
Reefer container estimated contribution is >10 million metric tons/yr



EFFICIENCY EVOLUTION

Energy efficiency improvement (@ 38°C/100°F ambient)
(-18C setpoint)
1.03
0.94
0.73
1990, R12 1995, R134a 2001, R134a 2008, R134a

Coefficient of Performance (COP )= net cooling / energy consumed

Progressive attention to environment and energy efficiency
Efficiency gains in container refrigeration machinery since mid-1990s




CONTINUOUS IMPROVEMENT

Reduce GWP
Direct
Indirect

Consider total carbon footprint

Production processes Sh'pplng

Materials




CONTAINER REFRIGERATION
Vapor compression cycle

Condenser may be

water-cooled ar Compressor
air-cooled. \apor apor

Evaporatar Condenser

Cold g 2i2m
".;T :—ﬂ:ﬂ air
Fan
? Expansion
Liquid + “/apoar D}q Liquid
Yalve
TYPICAL SINGLE-STAGE
VAPOR COMPRESSION REFRIGERATION

Refrigerated shipping containers leverage
a basic vapor compression cycle and components




NEW TECHNOLOGY

CO, utilized as refrigerant in sub- and
transcritical refrigeration systems »

CO, refrigerant - history

The peak of utilizing
CO4 as refrigerant

yaturgl INE

1900 1950 2000 :

— —— .

i | CFCs i Reinvention of I3
as a refrigerant refrigeration | invented, CO,-refrigeration |
(Alexander Twining, system 1928 1 technology
British patent) (Carl v. Linde) (G. Lorentzen)

Proposal to use CO, " First CO;




ALTERNATE REFRIGERANT

R744 operating envelope

R744
120
GWP =1, ODP = 0, Non-toxic jog | -1"Cbox3E°C ambient
i i R744
Cost effective .and available . | \
Protected against phase outs, § o
taxes, and F-gas regulations Y ’
: L = -
Component suppliers optimizing i 0 R134a e
designs for CO2 o 27 / ))
Applications demonstrating efficient 0 T
0] 100 200 300 400 500 &00
systems Enthalpy, h (kJ/kg)

Pressure level : 100 bar versus10 bar
Trans-critical operation: when ambient >20°C

10




NEW TECHNOLOGY

Compressors

Variable speed
Multi-stage

Purpose-built




NEW TECHNOLOGY
Heat exchangers

Conventional flat coil Optimized formed coil

Maximize heat transfer surface area to improve capacity and efficiency.



FIELD TRIALS
Strategic partnership

2008: sub-critical demonstration
2010: trans-critical demonstration
2011: expanding field trials; global service training



FIELD TRIALS
Trans-critical results

All ambients = OK

Maintain frozen & perishable set points
up to 32°C (90°F) = OK

Design life multiple voyages = OK

Carrier CO, compressor designed for |
container app|icati0n = OK Average Power Consumption

e

Demo 1 Demo 2 NaturaLINE Best in
class




ACTION PLAN

INT I RIVIOD/-\I.
FUROPE 2011

29 NOV - 1 DEC 2011 | HAMBURG MESSE

Service training Product design introduction

Field trials



CONCLUSIONS

Environmental stewardship means OEMs must work to
combine the best components in a carefully designed system.

Support 2020 / 2025 targets by product category

Support transport refrigeration in EU F-gas regulations

GWP =1
Minimize environmental impact
Improve energy efficiency




