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2. Carrier

A United Technologies Company

Carrier Corp. business case for green competiveness:
CO, 1 the natural refrigerant for container refrigeration appliances

Name of the company:  Carrier Corporation

Sector of activity: Heating, ventilation, air-conditioning and refrigeration systems, controls,
services and sustainable solutions for residential, commercial, industrial,
food service and transportation applications.

Annual revenue: $ 11.4 billion
Employees: Approximately 30,000
Contact and website: http://www.carrier.com

Description of type of application:

Carrier Transicold, which historically has led the container
refrigeration industry in sustainable developments, is at the
forefront of natural refrigerant technology. Recently Carrier

Transicod announced the worl doés fi

technology to

J IR use carbon
N = t.’..' FTaallv E dioxide  (CO)

rather than
conventional synthetic hydrofluorocarbon refrigerants, which
have higher global warming potential (GWP). A new container
refrigeration system, known as Nat ur aLl| NEE,
this breakthrough technology. The system, which is still in trial
phases, is being engineered to deliver efficiencies currently
only achieved b yin-cla€sa perforreer, dtse
PrimeLINE® unit.

The natural refrigerant CO,, also known as R-744, is non-
ozone depleting with a global warming potential (GWP) of only

one, compared to conventional container system refrigerants. CO, has a GWP 1300 times lower than
the closest synthetic refr i gertadncontaioen systeams.tlitd GWPLUss e d
also lower than other natural refrigerants, such as propane and ammonia.

Even in the event of a leak, the use of CO, adds no new environmental risk. In a time of increasing
Earthdéds biosphere, th

worldwide concerns about the effect of greenhouse g a s e s

NaturalLlI NE technol ogy advances

Carrieros natur al

marine container refrigeration market. It also demonstrates how technological innovation can reduce
the impact on climate change, continuing Carrier's long-standing commitment to providing sustainable

solutions.

by

| e a


http://www.carrier.com/

Description of the equipment used:

Although NaturaLINE production units will have a profile that matches
Carrieros existing family antorporates t
numerous innovations, some of which are new to container refrigeration.
For example, the system includes a new gas cooler/condenser coil that
wraps around the fan and has enhanced surfaces to maximize heat
transfer. It also takes advantage of a new marine-duty multi-stage
compressor. Patented, aerospace-inspired evaporator and gas cooler
fans improve efficiency, while new power electronics and an advanced
software control system combine to efficiently optimize fan speeds and
compressor capacity to match cooling loads and temperature control.

Benefit for the environment as compared to the previous solution:
The NaturaLINE unit is being engineered to provide industry-leading energy

2008, the PrimeLINE unit significantly reduces on-board power generation
requirements, helping shipping lines save fuel used in electricity generation.
This, in turn, helps hold down operating costs and reduce emissions related
to power generation. The PrimeLINE unit offers a 28 percent reduction in
carbon emissions over the closest competitive unit. NaturaLINE is expected
to equal that performance, but through the use of the natural refrigerant CO,, will drive greenhouse
gas emissions down even further.

Financial benefits:

As with the PrimeLINE unit, shipping lines that choose NaturaLINE container refrigeration units will be
able to reduce fuel consumption related to power generation, thereby helping to hold the line on
energy costs. Some shipping lines that took advantage of PrimeLINE technology have found that the
lower energy demand allowed them to carry more refrigerated containers on ships without requiring
upgrades to existing power plants.

Additional cost savings are derived from the refrigerant itself. CO. is cost effective, relative to synthetic
refrigerants. It is available worldwide and requires no special disposal. It is also currently protected
against phase-outs, taxes, and European F-gas regulations.

Other benefits:

NaturalLlI NE wunits wi || be comparable to Carri
operations standpoint. With its MicroLinkE 3 Cont r ol , uait wN hetaa farillarl td\operate
as any other Carrier container refrigeration unit. Serviceability of NaturaLINE units will be similar to
that of other Carrier units. All that will be required are some special tools, fittings and gauges, and
Carrier will provide customers with its usual high quality service training.

The NaturalLINE u n i deSigh maximizes capacity and minimizes power consumption, with robust
construction that delivers high reliability for demanding container applications in the most sustainable

efficiency on par with Carrier Transi col dds Pr intalcédNE E

er

way. That should make it a.finatural choicedo for
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2. Garrier

A United Technologies Company

Carrier Corp. business case for green competiveness:
CO, i the natural refrigerant for MT and LT in discounters, supermarkets and hypermarkets

Name of the company:  Carrier Corporation

Sector of activity: Heating, ventilation, air-conditioning and refrigeration systems, controls,
services and sustainable solutions for residential, commercial, industrial,
food service and transportation applications.

Annual revenue: $ 11.4 billion
Employees: Approximately 30,000
Contact and website: http://www.carrier.com

Description of type of application:

In close cooperation with the largest food retail customers,
Carrier Commercial Refrigeration 7 1 has accrued sound CO,
LI refrigeration technology experience with the launch of its
ey K - innovative CO2O0Lt ecE, whzgt has mere at i on

A P _,_":“- ’

than 250 trans-critical installations covering all retail store
formats. Carrieré sengineering team has accumulated an
invaluable quantity of critical data positioning CO,OLtec™ as the
leading CO, trans-critical refrigeration system based on energy
efficiency, reliability and sustainability.

In Denmark and Switzerland the refrigerant CO, has become a
technical standard for medium- and low temperature
refrigeration.

Carrier has the right refrigerant solution for every application, but
not every application will use the same refrigerant.

Description of the equipment used:

CO,0OLtec provides both low temperature
and medium temperature refrigeration
solutions for all retail shop formats. The
total impact of a refrigeration system in
terms of greenhouse gas emissions, also
called TEWI (Total Equivalent Warming
Impact), is derived from the indirect
emissions (energy consumption) and the
direct emissions (refrigerant leakages)
over the life cycle of the refrigeration
system.

Vertical freezer

Multideck


http://www.carrier.com/

Benefit for the environment as compared to the previous solution:

Low temperature compressors are connected directly to the suction side of the medium temperature

compressors. This system configuration isr ef erred to as a 6
V—-\—"' . ~ . .

design.6 The booster design, coupled with the advantages of not
COOLteC requiring oil separators and associated components, increases the

efficiency of the CO,OLtec system by an average of 10 percent versus a
traditional HFC system or a CO, cascade system in mild to cold climate conditions. These efficiency

gains are proven with measured energy consumption data in several system comparisons done by the
food retail chains and by Carrier.

Attractive energy savings can be obtained with average annual temperatures of up 15°C. This fact is

i n l'ine with mai n re-Efiftsi emfcyt h®t uEIBREE0ofO0 ESuwfoer mar k e t
reference, the annual average temperature in: Stockholm, 7°C; Paris, 12°C; London, 11°C; Milan,

13°C; Madrid, 14°C

Compared to a conventional HFC direct expansion refrigeration system, a CO, installation has no
ozone-depleting impact due to refrigerant leak. A typical refrigerant leakage rate of 10 percent per year
generates nearly half of the equivalent CO, emissions by a supermarket refrigerating system, if the
refrigerant R404A is used. These direct emissions can be fully eliminated, if the natural and climate
neutral refrigerant CO, is used. For example, the potential reduction of greenhouse gas emissions for
a hypermarket is equivalent to the CO, emissions of over 400 cars*.

Cumulated reduction of the CO, emissions by more than 250 stores equipped with CO,OLtec :
The reduction of CO, equivalent tons from 138.000 tons down to 70.400 tons result in a cumulated
reduction of the CO, emissions by 67.600 tons which equals the take out of 21.500 average cars* from
the streets by end of June 2011.

* Average car using 0.12 kg COz/km; run time 15,000 km per year

Financial benefits:

With CO,OLtec refrigeration systems, store owners select a reliable and environmentally responsible
solution. CO, has the advantages of being a natural and cost-effective substance that enables store
owners to avoid refrigerant taxes and reduce their impact on the environment. The CO,OLtec user can
save energy and refrigerant costs over the full lifetime of the system.

Other benefits:

Carrier has developed a compact factory-built, standardized, add-on heating system, CO,OL he at E,
which includes heat exchanger, water pump, optimized CO, and hydraulic

loop controls and full remote monitoring capability. Aligned in an optimum

way to the CO,OLtec refrigeration system, it is designed to utilize 100
percent of the available heat. Smart control algorithms provide the
possibility to eliminate conventional heating sources almost entirely. High
energy efficiency, robust design, reliable operation and very attractive
payback times make the new Carrier CO,OLheat system the optimum
addition to the existing product range.

In comparison to conventional refrigerants, CO, is the preferred solution
for all aspects for supermarket refrigeration applications in mild to cold
climate conditions: Sustainability; Reliability; and Energy efficiency.

Keeping always in mind that the environment is precious.



Carrier

A United Technologies Company

Carrier Corp. business case for green competiveness:
Energy opti mi zastupermarketof a t egut é

Name of the company: Carrier Corporation

Sector of activity: Carrier Commercial Refrigeration
Annual turnover: a 8, 76 $hlidbilionp n (
Employees: Approximately 30,000

Contact and website: http://www.carrier.com

Description of type of application:
Carrier CO,OLtec™ - safety for the future

The state-of-the-art refrigeration concept offers an important
contribution to the protection of the environment with the
deployment of the natural refrigerant CO, in medium
temperature and low temperature applications. Features like
speed controlled compressors, electronic expansion valves,
CO, as refrigerant and heat recovery systems in
combination with an intelligent controls system result in an
outstanding energy efficiency.

Systematic controls integration

When it comes to controls interfaces between the refrigeration system and the building management
system, as for example in heat recovery, the flexible controls system from one single supplier offers
numerous advantages: The networking of all controls devices and sensors can be managed simply
and in a flexible way with CAN-bus technology.

The system is monitored by anon-si t e computer connected to Car
center in order to optimize the energy use.

Description of the equipment used:

Germany with a trans-critical CO, refrigeration system, integrated heat
recovery system and integrated building management system in which lighting,
air conditioning, heating and ventilation systems are centrally monitored and
controlled in addition to the refrigeration system. The controls integration for the
refrigeration technology and building management system offers the additional
advantage of an integrated energy management system.

The compact CO,OLt ecE compressor rack refr
multidecks, 17 m of service counters, 19 m of vertical freezer cases, 10 m of
freezer islands plus three cold rooms and one freezer room. The refrigeration
capacity for the MT cycle accrues to approx. 70 kW and for LT cycle to approx. 20 kW.

Concepts for more energy efficiency of the cooling equipment

Beyond innovative refrigeration technology and controls, Carrier delivered
a system with improved energy efficiency and environmental impact to
the supermarket. The energy efficiency of the already best-in class
freezer cases and wall-mounted multideck cabinets of the Carrier E-5
series was substantially improved by additional features like: electronic
energy saving fans, periodic frame heaters, glass lids, glass doors, anti-
condensate glass panels and LED lighting systems.
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http://www.carrier.com/

Transparency by energy monitoring

The proof of this innovative technology can ultimately be found in the energy consumption of the
practical operations. An energy efficiency comparison with seve n di f f er ent teguté su
shows the following characteristic efficiency key indicators:

Medium energy kwh/
efficiency figure m/ year

Conventional refrigeration technology
3 stores operated with refrigerant R404A -11% 2.500
In operation since 2005/06

Refrigeration technology with some efficiency measures
3 stores with operated refrigerant R404A -26% 2.100
In operation since 2008

tegut Lorsch, efficiency features as described
1 store operated with refrigerant CO, -58% <1.400
In operation since 2008

The energy efficiency key indicator corresponds to the proportion of energy required in comparison to
the average standard for all stores operated in 2009. It is determined on the base of the cabinet
display area by VDMA standard form 24247-5 (www.vdma-effizienz-quickcheck.org). The described
technologies help to reduce the direct and indirect carbon emissions of the food retailing industry
significantly, and lead to a sustainable store management system that protects the environment.

Financial benefits:

The refrigeration system tegut é st othaeisfarbettettbanthe h r eal i
comparable energy efficiency of an average store. The CO,0Lt ecE refrigerat
—— system with integrated heat recovery system and controls system plus all energy
COOLteC efficiency features of the refrigerated cabinets save 58% of energy compared to
an average standard store with the same display area of refrigerated cabinets.
The energy bill caused by the refrigeration system is decreasing by the same percentage.

Other benefits:

According to tegut, the positive results of the field operation and the
significant energy savings achieved by this store were the primary
reasons teguté chose Carrier as
agreement. The agreement will affect 50 stores and includes the
delivery of ,oae! rrdfrigeration rack© as well as
e*cube refrigerated display cabinets and freezers. Service will be
provided through Carrierds Europcaun <« Vi ov remot e
center. The agreement is expected to yield up to 50 percent energy savings and result in a substantial

reduction in greenhouse gases.



http://www.vdma-effizienz-quickcheck.org/

V' DAIKIN

Dai kinés business case for green compet
Heat pumps in a Net Zero Energy Building

Name of the company: Daikin Europe NV

Sector of activity: Heating, ventilation, Air Conditioning and Refrigeration
Annual turnover: a 1, 614.(BY2009)! 1 i on

Employees: 4,265

Contact and website: http://www.daikin.eu

Description of type of application:
A net Zero Energy Commercial Building for small to medium enterprises. The concept of the building
and its system is created around heat pump technology. This technology is inevitable connected with

net zero energy buildings. Daikin Europe is conducting in depth research in this actually used office
building.

Description of the equipment used:

Winter Comfort: Daikin Altherma i Air to water heat pump
Summer Comfort: Daikin VRV i Air to Air heat pump

Indoor Air Quality: Daikin VAM i Heat recovery ventilation system

Lighting: LED technology where economically feasible

Generation: Thin film photovoltaic panels

Monitoring: Dai kinés Monitoring system + Online measure
system

Environmental benefits:

Energy consumption & Energy generation
1 Heat pumps are contributing as much as photovoltaic to a net Zero Energy Building (figure 1);
1 A net zero energy building based on a heat pump technology concept needs less energy

generation to compensate its consumption (see figure). This is also meaning a reduced
investment cost (figure 2)
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Figure 1: consumption & production
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Figure 2: reaching nZEB

Other benefits:
A European network of research institutes and universities is created by Daikin around this research
project. These project partners are monitoring the real energy balance, doing research in their
specialised field (from indoor air quality to smart grids) and exchanging know-how.
(jc ETIAT MANCHESTER Z Fraunhofer  Z Fraunhofer -h J technische universitat

B 82

UMSICHT 1BP dortmund
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V' DAIKIN

Dai kinés business case for green compet
Field test with Conveni-pack system versus traditional refrigeration system

Name of the company: Daikin Europe NV
Sector of activity: Heating, ventilation, Air Conditioning and Refrigeration
Annual turnover: a 1, 614.BY2009)! I i on
Employees: 4,265
Contact and website: http://www.daikin.eu
Description of type of application:

-, g
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Conveni-pack integrates 4 system in 1:

1. Refrigeration capacity for medium temperature applications (like chilling),

2. Freezing capacity for low temperature application (like freezing),

3. Heating capacity based on 100 % heat recovered from refrigerated cabinets, cold and freezer

rooms and additional heat from heat pump compressors

4. Air conditioning capacity.
This application involves other stakeholders and intermediate agents, like Energy ICT (energy
monitoring system), contractors, installers and more.
Description of the equipment used and of the business case:
Along with its comprehensive and ambitious sustainability strategy, TOTAL BELGIUM ran a
comparative field test of a new solution for their petrol stations: called Conveni-pack (system from
Daikin, the Conveni Pack AC 15). The test period ran from July 2008 to June 2010.
TOTAL has run a field trial in two different petrol stations in Belgium, one site was equipped with
Conveni-Pack from Daikin, the other equivalent site used traditional refrigeration system to refrigerate
cabinets, freezer and cold rooms and traditional heating and air conditioning system for providing
comfort in the shop. A close collaboration of all parties involved insured a successful trial: Energy ICT
(Energy monitoring system), contractors (installers) and Total (Petrol station manager)
The outcome of this trial proves that the Conveni-Pack system from Daikin provides TOTAL with
business competitiveness by helping to save up to:

1 60% energy consumption

1 56% of CO2 emissions
These positive results have led TOTAL BELGIUM to advice the use of Conveni-Pack system in the
Benelux when the refrigeration load is above 10 kW, since the principles could be broadly applied to
other petrol stations.
Environmental and economic benefits:

1 Total energy savings during test period: 158.187 kWh

Tot al money saving during test period: 9.437

1

1 Total reduction of CO2 Emissions during test period: 37.356 kg CO,

1 Economic savings: between 30% and 60% on heating, air conditioning and refrigeration power
consumption in discount /retail/ supermarket when using Conveni-pack system.
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