MAKING MODERN LIVING POSSIBLE

Global perspective on CO, & Danfoss strategy

Dr.-Ing. JUrgen Suss
suess@danfoss.com
VP R&D

KVCA CO2 strategy seminar
Hedensted
May 14th, 2009



MAKING MODERN LIVING POSSIBLE

LR The Global
Warming focus

Global Temperatures
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> EU leaders support tough emissions cut

European leaders agreed last week on a mandatory target to cut greenhouse
gas emissions by 20% from the 1990 level by 2020, challenging the world to
follow their lead in fighting climate change.

2007-03-12

Temperature Anomaly (°C)

The heads of state and govemment of the 27 EU Member States have committad to 2[5
target of reducing greenhouse gas {GHE) emissions by at l2ast one fifth from the 1990
level by 2020, offenng to endorse even a 30% reduction if other developed nabons
10in. This is a key result from the two-day debate on climate change and European
energy policy on 8-% March in Brussels, EU leaders thus challengs other major polluter
— such as the United b ates, Russia, (J' na and India to follow the European leadership
'''''''''''' z % 3 ied and commit to deep culs in GHG emissions.

In addition, it emergad from the meeting 3 commitment to:

X ,1 e e reduce EU-wide anergy
** Totally Shockingly Fa o 1 a5 . consumption by 20% by 2020
A Everyone should see this fil However, this target is indicative

and non bindang,
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Get Tips to Fight Global Warming
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« implement rapicly the Energy
Efficiency Action Pian the European
Commussion had proposed in
October 2005. This will most likely
also include minimum afficiency
raquirements for Mobile Air
Conditioning.
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Total Carbon dioxide emissions by country
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http://maps.grida.no/library/files/storage/emissions_of_carbon_dioxide_in_africa_and_selected_oecd_countries_001.jpg
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Refrigeration technologies are very energy-consuming, thus directly contributing to the emission of large
amounts of CO; When including air conditioning, they account for about 15% of worldwide electricity use.
Energy efficiency, which varies according to units and refrigerants used, is therefore an essential element
to take into consideration.
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The refrigeration application map

mobile stationary AC
AC heat pumps

light | - | W i

on temperature

domestic refrigeration
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£ T - Different ways of
- cooling

N

e Reverse Rankine
e Stirling
e Magneto caloric refrigeration

& e Vortex tube
e i L N e Joule process .
B e e i
B N s el
Thé traditional compression = e Steam ejector
process offers the best value % e Absorption

proposition for HVAC&R industry \ibf\.,,.u
.'.‘A y ‘

'\ ’

sorption

But which refrigerants and
technologies should be use for
greatest sustainability???
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Refrigerants options
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GHG emissions of
Mobile Air Czndiiioning (HFC) HVAC&R systems

”~

Energy use for system operatlon T
Commercial Refrigeration “Indirect Emissions” =

(Supermarket DX HFC) % " 3‘\ _;;. 
Sk 4 :,\*' 5 ,

‘e\hnt leakage/ release N5

esﬂimlssmns” P 4T

Unitary Air Condition/Heat Pump (HFC)

Commercial Air Condition (HFC)

Light Commercial Appliance SME (HFC)

Water Chiller (HFC)

Domestic Refrigerator (HFC) 7 =
Domestic Refrigerator (HC) N RO N AR R
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Ozone Depletion and Global Warming

Montreal Protocol e A
(in force) e

Kyoto Protocol
who knows what happens?)

R600a,R290 Q) L

air...
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Metric Tons (10%3 kg)
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CFC and HCFC phase-out achievements

Annual Production of Fluorocarbons Reported to AF
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Environment - OK
 Refrigerant phase outs

R744 - CO2 « Companies policy
revival - Natural substance v

Safety - (OK)

» High concentrations ?

* High pressure ?

* Non flammable or toxic v

Future

Natural
COz NH: SOz HC
methyl-chloride

1834
ethyl-ether
(R610)

{CFC) HCFC
NH3 1990

1987
Montreal
Protocol

'The Challenge

110

Fressure in bars

- High pressure R

- New components |
Efficiency?
Cost?
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p,h-Diagram of CO,

Transcritical applications
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Efficiency of ideal reversed Rankine Cycle
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The Automotive case (MAC)

{= SAE 2009 Alternate Refrigerant Systems Symposium - Windows Internet Explorer

SAE hitkpef ey, sae.orgfeventsiaars)

M| [*2 || X B
File Edit Wew Favorites Tools  Help
n e ¥
0 AP |85 SAE 2009 Alternate Refrigerant Systems Symposium | | - (3] s v ;b Page v () Tools +

SAE International | [ |edresie v ['GOME
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SAE Home = Events & Education > Automotive Alternate Refrigerant Systems Symposium

SAE 2009
Alternate Refrigerant Systems symposium

July 14-16, 2009
ona Resort Suites, Scottsdale, Arizona USA

eroTech

Www.sae.org/arss

SAE International’

Due to the ecanormic ciimalte and high number of wneedainties In the markelpiace, a business declsion was made o cancel the 2009 Alternate
Refrigatant Systerns Symposivm pianned in Scoltsdale, A2, The nexd symposium will be scheduled in the Junadiuly imeframe of 2010,

Thand vou far your interest in paricinating in this SAE International event and understanding of our declsion. Your pardicipation in future events will be
appreciated. Piease continye o check the webhsite for future plans and undates.

Emissions from man-made greenhouse gasses (GHG) and their effect on our environment are a continued concern to everyone throughout the world.
As a result, the mobile air condi” L AReEEE A L Lo S . S R - T
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Autornotive, Event Guide
Combustion, Flug,

Reb e to, . Overiew e Ongoing discussion since RACE project (1998)

CO2, Oxygen, NO, * Store™

Air/Fuel + & Yiew Prior Presentations

oo com HewHrEesalons e Aiming for one global refrigerant

e Technology choice will impact stationary
— *This s a poffile. You'll need . . . .
refrigeration applications

ARIE: GD»  FofNomoN e MACs not in Danfoss business scope

AUUY S AE International. Al rghts reserved.
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The Bottle Cooling case (SME)

1) “By the 2004 Olympic Games in Athens, we will
no longer purchase new cold drink equipment
using hydrofluorocarbons wherever cost-

efficient alternatives are commercially available

2) “We will require suppliers to significantly
improve the energy efficiency of the cold-drink
equipment they sell to our system, making it
40-50 percent more energy-efficient by the eng
of this decade.”

for cold drink equipment, ,}5 &
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~ Status Bottle Cooling (SME)
e Depending on the component selection,
the system layout and the actual cooling

requirement CO2 systems can be better,
equal or worse than HFCs ones.

e But with increasing ambient temperature the
COP of CO2 systems generally drop faster.

A
} b sy o VA pdw gl
— Ep e T
\ . R 5 5 A
3 y cf ¥ T
17 I : TN o e
A et (57 ) )
e 0 i g
AL R . 7 ! 4 4
A PP N
\ . eI ’ vl
' - A

- 5 -

\‘ . v p: | S
' = P & LY $ ¥

. { o
. L L ¢ i
v 1
e ) . o
. vy i’ / B o8
SR N e ] (5055~
o0 4 ) o ey e t
* L B d g A ) o . x
; X 4
e r AN ~
" W A% Y N WP IEET : T - A . - PR L [
= ™ o 2% - ’ - 454 2 L e A ’ U LY
3 . 2 - o g X -‘ r 2 \_ P S s ) .



MAKING MODERN LIVING POSSIBLE ! 2

Cascade system
(Two temperature levels)

AR
High stage
R717 (NHy) condenser High stage
R134a, R404A High stage compressor(s
) L expansion valve
R290, R1270.... Cascade heat exchanger b
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Status Supermarket Refrigeration (FR)
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T~ NH; e Direct GHG emission from
= the cooling distribution
~~ _ system of FR systems calls

for an alternative solution

e Cooling generation with CO2
has energetic drawbacks in
warm climates

R404A

co, e Cascade systems build on
- state of the art technology
% and are globally applicable

conventional system 2\
- - - -one stage economizer '}\\w CO, Booster systems have a

— — two stage economizer
to one of cascade systems

e System technology
consolldatlon is pendmg
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low temperature stage close
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Status Industrial Refrigeration (IR)

e State of the art techhology

b \‘
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The refrigeration application map (again)

mobile stationary AC
g ol W heat pumps
g
v @)
Ch =
=N =
= K gy commercial i :
ol o cofgerc refrigeration mdgstrlall
|  E refrigeration J refrigeration
o ©

Danfoss’ CO2 main focus area
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Our “hit list” to minimize GHG emissions
from the HVAC&R industry

Apply latest appropriate technologies and components

Service the systems to ensure optimal operation

Enhance and ensure energy efficient system operation by adding intelligence/electronics
Minimize refrigerant emissions (system layout, tightness & handling practices)

Minimize refrigerant charge

Enhance tem configuration
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as wel
e \3
Y v ' o ‘\

Darifil

The Danfoss’ way
to reduce
GHG emissions

e Develop low charge
and low leakage solutions

e Enhance significantly the
system’s energy efficiency e.g.
by a .v plying variable speed and
enha ng component mtelllgence

N




MAKING MODERN LIVING POSSIBLE ! 2

Danfoss climate strategy
- goals and ambitions

In 2025: 3

i \,.

. : d
-+ the CO, em|SS|ons from factorles
and transport of products;must
be reduced by 25% compared Lof /

25% less CO, and
25% more sustainable energy in
2025
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