OPS/images/f0042-01.jpg





OPS/images/f0040-01.jpg
i
Cooler

COZ/ NH3 Cascade System

wﬂmmsmm% ?‘»ﬁ

Tl

07 Conirg
Compressars

Desuperhzater

Standstil Cooling Urit

=

E%NW \ﬁ
-
.

Pict Recoyer &
Exfansion Vave

Condaneing Unit
Ky

— sovarsvsTEN
—— 0barsvsTEN
—— 25 bar SYSTEM

Firer Dryer & signgas

Patent pending





OPS/images/f0040-02.jpg





OPS/images/f0041-01.jpg





OPS/images/f0041-02.jpg





OPS/images/f0023-02.jpg
-+
(=}

w
=

N
(=]

=
(=)

o

2015 pass

2016 pass

2015 cargo

2016 cargo





OPS/images/f0024-01.jpg
35

30

18,9

passenger

2015

2016

29,5

cargo

22,3





OPS/images/f0034-01.jpg
4.500

4.000

3.000
2,500
o

2.000
1.500

1.000

1.810

R22

A

HCFC

1S

Ry — S

R134a
Risza W
R404A
Rso7A

3922 3985

2107

R =i e

Ryo7F I

R422A

3143

92
2729
2346 2,264
2238 L,
a o
& g

ittt sstiaisos ik il s g
R407C 3
I - =i e s L o
DI i o
- OIS
L T .
“ 8

~

-
R51A - S

Ryson M 2
°

s T T,
s g NRE
Fa-3 2 8 ¢

é Rl

& &
A1 A1 A1 A1 A1 A1 A1 A2l A2l A1 A1 B2l A1 A3

HFC blends. Unsaturated HFC ~ Halogen free

refrigerants





OPS/images/f0036-01.jpg
o

Drop in energy efficiency (%) compared to R4o7F
RaseA  RassA  RessA  ResBA  ReuzA  Rpy

600.000
500.000
400.000
300.000
200.000
100.000

°

COz2 emissions (kg)

R4o7F  R4seA  Ras9A  RassA  RuasBA  Ras2A

mdirect

indirect

Ry





OPS/images/f0023-01.jpg
25

=
[

=
[=}

O]

o

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016





OPS/images/cover.jpg
© Nordic Council
of Ministers

REFRIGERATION UNITS
IN MARINE VESSELS

Alternatives to HCFCs and
high GWP HFCs,






OPS/images/f0043-01.jpg





OPS/images/f0043-02.jpg


OPS/images/f0013-01.jpg
Norway
Iceland
Spain
Denmark
United Kingdom
France
Torkey
Netherlands
Germany
Ireland
Sweden
Italy

Poland
Portugal
Finland
Latvia
Croatia
Lithuania
Estonia
Greece
Belgiom
Bulgaria
Romania
Malta
Cyprus
Slovenia

100 200 300 400 500 6oo 7oo 8co

900

1000 1100 1200 1300 1400 1500 1600 1700

1800 1900 2000

2100 2200

 North East Atlantic
South West Atlantic

Eastem Central At

W South East Atlantic

North West Atlantic





OPS/images/f0013-02.jpg
-
]

s 8 g 35 o
g 2§ %

S

o






OPS/images/f0014-01.jpg
1,000 kW

1400

1200

1000






OPS/images/f0009-01.jpg
Type

Purpose of main
refrigeration
equipment

Current working
fluids

Fishing vessels Passenger-/Cruise ships  Cargo ships Others

a with
current working
fluids

Alternative/future
‘working fluids

Advantage with
alternative working
fluids

Chilling/freezing of Air itioning and Maintain Air conditioning
the catch provision cooling/ temperature inside
freezing the hold, air
conditioning
Globally: R22. Nordic: HFC Nordic: HFC
Europe: R22/HFC Globally: R22, HFCs Globally: R22, HFC
Nordic: R717, R744 €O, for provision
and HFCs cooling and freezing
Fast ph: ofR22  Fast phase out of R22 required
required High cost of HFCs, due to shortage in the European market (EU
High cost of HFCs, Regulation)
due to shortage in the
European market (EU
Regulation)

Safety requirements
for R717 equipment

R717 and R744 Ry17, Hydrocarbons (e.g. R290) and CO,
Ry17: well-knownand  High-energy efficient ~ High-energy efficient chillers for AC units
high energy chillers for AC units with  with R717 and R290
efficiency for chilling  R717and R2g0
equipment High-energy efficiency,
Ry44: high global availability, and
performance indeep-  safety with Ry44 for
freezing/batch direct expansion (and
freezing applications,  indirect) provision
and ling/freezing units

non-toxic






OPS/images/f0010-01.jpg
Formula (name) Type opP

R12 (freon) CFC 1 (high) 10,900
R22 HCFC 0.055 (medium) 1,810
R404A HFC o 3,922
R410A HFC o 2,088
Ri34a HFC o 1,430
R32 HFC o 675
R1234yf (HFO) HFC o 4
R1234ze (HFO) HFC o 6
R717 (ammonia) Natural o o
R744 (CO:) Natural o 1
R290 (propane) Natural ° 3





OPS/images/f0011-01.jpg
General cargo ships

Oil and chemical tankers
Bulk carriers

Off-shore vessels
Container ships

Ro-Ro / passenger ships

Gas tankers

o

2.000 4.000 6.000 8.000 10.000 12.000 14.000





OPS/images/f0012-01.jpg
1.600

1400

Nordic fleet 2012

number of ships (> 100GT)
1390
8
34
29
s .0
Norway  Denmark  Finland  keland  Sweden

16.000
14,000
12,000
10.000
8.000
6000

4000

Nordic fleet 2012 - gross tonnage (in 1000 GT)
15.697

FrReTy
2785
2370
= °
Norway  Denmark  Finland Iceland Sweden





OPS/images/f0002-01.jpg





OPS/images/f0021-01.jpg
Total HFC (kg) per ship 2007—-2012

626

res

Passenger RoRo

WAC ®Provision

o
me

Tanker

Total HFC (kg) per ship 2013-2016

516

30

Passenger RoRo

WAC ® Provision

51
[
Tankers





OPS/images/f0021-02.jpg
Charged refrigerant (kg) per ship Charged refrigerant (kg) per ship

2007-2012 2013-2016
350 350
300 300
250 250
200 200
150 g0
50 50
. M. I I -1 1 I : | . I 1 ] |
Ri342 R404A  R407C  R410A  Re7A RS0y R22 R1342 R4o4A R407C R410A R417A R422A R422D R424A Rso7 Raz

mPass WRoRo MTanker WPass wRoRo mTank





OPS/images/f0019-01.jpg
AC on RoRo vessels AC on RoRo vessels
2007-2012 2013-2016

1%

4%

mR134a ®WR404A » R407C ® R410A  ®R417A mR134a ®wR404A = R407C  R417A





OPS/images/f0019-02.jpg
AC on tankers 2007-2012 AC on tankers 2013—2016

1%

|

®mR134a ®R404A = R407C ® R410A mR22 = R404A = R4o7C mR22





OPS/images/f0020-01.jpg
Provision refrigeration RoRo Provision refrigeration RoRo
2007-2012 2013-2016

3% 5%

m R404A = R407C R417A ® RLO4A  # R407C = R422A





OPS/images/f0020-02.jpg
Provision refrigeration tankers Provision refrigeration tankers
2007-2012 2013-2016

2%

®R134a ®R4L04LA






OPS/images/f0016-01.jpg
1.600.000

1.400.000

1.200.000

1.000.000

800.000

600.000

Tonnes CO2 equivalents

400,000

200.000

2001

2002

2003

2004

2005

2006

2007

2008

e €] CONSUMptiON

= = = fuel consumption and
refrigerant leakage

2009
2010
2011
2012
2013
2014
2015





OPS/images/f0017-01.jpg
N oWy 0V

B

o

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016





OPS/images/f0017-02.jpg
AC - passenger ships 2007-2012

6%
6%

15%

= R134a ®R404A = R4o7C
R410A  R417A mRs07

AC - passenger ships 2013-2016

4%

13%

21%

m R134a ®R404A R407C R410A
R417A  w R422D R424A m Rgo7





OPS/images/f0018-01.jpg
Provision refr. passenger ships
2007-2012

3% 0% 1%

9%

mR134a =

Provision refr. passenger ships
2013-2016

o ,1%
1% /77" 3%

04A = R407C =R422A mR507A





