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Sources: Association of Home Appliance Manufacturers (AHAM) for energy consumption and volume; U.S. Census Bureau for price.

Notes: a. Data includes standard-size and compact refrigerators.
b. Energy consumption and volume data reflect the current DOE test procedure.
c. Volume is adjusted volume, which is equal to fresh food volume + 1.76 * freezer volume.
d. Prices represent the manufacturer selling price (e.g. excluding retailer markups) and reflect products manufactured in the U.S.
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AVAILABILITY OF AIR-CONDITIONERS OPERATING WITH DIFFERENT REFRIGERANTS AND AT DIFFERENT EE LEVELS

Table 1: Availability of technology options for AC: Energy Efficiency vs. refrigerants - Low Tier

Low Tier Energy Efficiency Meeting MEPS

Regions

HCFC

High-GWP HFC

Medium and low GWP

Australia & New
Zealand (ANZ)

Aus. & NZ: Not Available

45% of the market is R-410A in the low and mid-tier
efficiency ranges

53% of the market is HFC-32 units more weighted
towards the higher efficiency tiers 1% of the market is
HC-290 in the low tier

Papua New Guinea / Fiji/ Solomon Islands:

Oceania & PIC Around 5% of the market R-410A imports from ANZ in the low and mid tiers HFC-32 becoming prevalent in line with trend in ANZ

Japan: Units available for export only
Japan Japan: Not Available Regulation does not support equipment development Japan: HFC-32 units are prevalent

with high-GWP HFCs

. . Korea: 410A system including ductless, mini-split .
Korea Korea: Not Available system and VRF Korea: HFC-32
— 5
China Chl_na. Less t_han 20% China: about 60% of equipment are High-GWP HFCs China: HFC-32 and HC-290 units are available
equipment with HCFCs

Thailand Locally manufactured R-410A locally manufactured with inverter and HFC-32 units locally manufactured in small quantities

non-inverter

South East Asia

Locally manufactured in
some countries

Indonesia: ~50 of the market is R-410A

R-410A fixed speed locally manufactured in some
countries or imported

MEPS are not separated for inverter and non-inverter
except in Singapore and Indonesia

Malaysia: manufacturing of compressors for HFC-32
Vietnam and Indonesia: HFC-32 units with inverter

India: Available from

India local manufacturers. India: Not available in lower efficiencies India: HFC-32 and HC-290 units available
Import is not allowed.
Central Asia Locally manufactured in Locally manufactured in some countries Auvailable for import

some countries

Gulf Cooperation
Council

Auvailable as locally
manufactured or
imported

HAT: R-410A with fixed speed and variable speed

HFC-32 units are available

Research on HC-290 and HFO leads to viable result
Saudi G-Mark regulation requires certification for charge
limitation of flammable refrigerants for residential
applications
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Middle East & North
Africa

Available as locally
manufactured or
imported

Available as locally manufactured or imported

HFC-32 and R-454B Accepted in Egypt, manufacturing not
started

Morocco*: HFC-32 inverter is available for import through
Buyers' club

Central Africa

Available in most
countries

R-410A units fixed speed and inverter

Ghana: HC-290 units imported into the country in a program
supported by GI1Z

Other countries: HFC-32 units with inverter available for
import*

Southern Africa

Auvailable as locally
manufactured or
imported

R-410A units fixed speed and inverter

HFC-32 units

Europe

EU: Available in R-410A and R-407C in mini-splits:
2-speed and VRF

EU: both HFC-32 and HC-290

North America

N. America: Available in R-410A and R-407C in mini-
splits: 2-speed and VRF

N. America: Emerging new technology using HFC-32 and
HFO blends

Central America

Available in most
countries

R-410A available

Mexico: HFC-32 inverter by at least one manufacturer
Other countries: HFC-32 available to import
Grenada: HC-290 available to import through a GIZ program

South America

Available in most
countries

S. America: R-410A both fixed speed and variable speed
Brazil: 40-50% of R-410A units are inverter

Brazil: HFC-32 inverter available from one manufacturer. A
second manufacturer announced production of HFC-32 by
end of 2019

HC-290 expected to be available once MLF projects
completed.

Other countries: available to import




UNEP/OzL.Pro/ExCom/84/69
Annex 11

Table 2: Availability of Technology for AC: Energy Efficiency vs. refrigerants - Mid Tier

Mid-Tier Energy Efficiency up to 10% above Minimum MEPS

Regions HCFC High-GWP HFC Medium and low GWP
Australia & New Aus. & NZ: Not 45% of the market is R-410A in the low and mid-tier 53% of the market is HFC-32 units more weighted
Zealand Available efficiency ranges towards the higher efficiency tiers

Around 5% of the

Papua New Guinea / Fiji/ Solomon Islands:

Oceania & PIC market R-410A imports from ANZ in the low and mid tiers HFC-32 becoming prevalent in line with trend in ANZ
Japan: ""The top runner program' requires weighted

Japan Japan: Not Available Japan: Not Available average APF higher than the standard value. (for both
domestic and commercial air-conditioners)

Korea Korea: Not Available Korea: 410A system including ductless, mini-split Korea: HFC-32 units with inverter

system and VRF
China: Less than 20% . . .
. - - . . . China: Both HC-290 and HFC-32 inverter that have higher
- [0) -
China qucl:J;:pggent with China: about 60% of equipment are High-GWP HFCs APF than the standard value are introduced
. Thailand: Locally . . Thailand: 70% of the locally manufactured units are
Thailand manufactured Thailand: R-410A locally manufactured HEC-32 units with inverter

South East Asia

Locally manufactured
in some countries

Indonesia: 5% of the market is R-410A inverter
R-410A units are locally manufactured in some
countries or imported

MEPS are not separated for inverter and non-inverter
except in Singapore and Indonesia

Indonesia: ~ 50% of the market is HFC-32 units
MEPS are not separated for inverter and non-inverter
except in Singapore and Indonesia

India: Available from

India local manufacturers. India: R-410A widely available up to 3 Stars India: HFC-32 and HC-290 available up to 5 Star
Import is not allowed.
Central Asia Locally manufactured Locally manufactured in some countries Auvailable for import

in some countries

Gulf Cooperation
Council

Available as locally
manufactured or
imported

R-410A with inverter

HFC-32 units are available

Research on HC-290 and HFO leads to viable results
Saudi G-Mark regulation requires certification for charge
limitation of flammable refrigerants for residential
applications

Middle East & North
Africa

Available as locally
manufactured or

Available as locally manufactured or imported

HFC-32 and R-454B Accepted in Egypt, manufacturing not
started

imported Morocco: HFC-32 inverter is available for import
Central Africa Not Available R-410A units with inverter HFC-32 units in some markets
. . R-410A units with inverter o
Southern Africa Not Available South Africa: 75% of the market is inverter HFC-32 units in some markets
Europe Not Available EU: Available in R-410A and R-407C in mini-splits: EU: Cent A/C 2-speed, Mini-splits VRF - EU Eco-Design,

2-speed and VRF
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North America

Not Available

N. America: Available in R-410A and R-407C in
mini-splits: 2-speed and VRF

N. America: Emerging new technology using HFC-32 and
HFO blends

Central America

Available in most
countries

R-410A available

Mexico: HFC-32 inverter by at least one manufacturer

South America

Available in most
countries

S. America: R-410A both fixed speed and variable
speed
Brazil: 40-50% of R-410A units are inverter

Brazil: HFC-32 inverter available from one manufacturer. A
second manufacturer announced production of HFC-32 by end
of 2019

HC-290 expected to be available once MLF projects
completed.

Other countries: available to import
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Table 3: Availability of Technology for AC: Energy Efficiency vs. refrigerants - High Tier

High Tier Energy Efficiency more than 10% above Minimum MEPS

Regions

Australia & New Zealand

Oceania & PIC

Japan

Korea

China

Thailand

South East Asia

India

Central Asia

Gulf Cooperation
Council

Middle East & North
Africa

Central Africa

Southern Africa

Europe

North America

Central America

South America

HCFC

Not Available

High-GWP HFC Medium and low GWP

Not Available 53% _of the mg(ket is HFC-32 units more weighted towards
- the higher efficiency tiers

Not Available Available for import

Japan: Not Available

Japan: ""The top runner program requires weighted
average APF higher than the standard value (for both
domestic and commercial air-conditioners)

Korea: 410A system including ductless, mini-split
system and VRF

HFC-32 units with inverter

China: ""The top runner program' requires weighted
average APF higher than standard value, about 1% of
market

China: Both HC-290 and HFC-32 inverter that have higher
APF than the standard value are introduced

R-410A locally manufactured mainly inverter type
Separated MEPS for inverter and non-inverter

HFC-32 units with inverter
Separated MEPS for inverter and non-inverter

R-410A locally manufactured in some countries or
imported. MEPS are not separated for inverter and
non-inverter except in Singapore and Indonesia

Indonesia, Philippines, and Vietnam: HFC-32 units with
inverter

India: R-410A widely available in inverter 3 to 5 star

India: HFC-32 and HC-290 available up to 5 Star

Available for import

Available for import

HAT: High GWP HFCs Could not meet higher efficiency
with conventional design, however, MEPS >10%, (EER
12.7) can be achieved with microchannel heat exchangers

HFC-32 units are available

Research on HC-290 and HFO leads to viable result

Saudi G-Mark regulation requires certification for charge
limitation of flammable refrigerants for residential applications

Available as locally manufactured or imported

HFC-32 and R-454B Accepted in Egypt, manufacturing not
started. Morocco: HFC-32 inverter is available for import

R-410A units with inverter

HFC-32 units in some markets

R-410A units with inverter
South Africa: 75% of the market is inverter

HFC-32 units in some markets

EU: Cent A/C 2-speed, Mini-splits, VRF- Eco-Design

EU: Cent A/C 2-speed, Mini-splits VRF - EU Ecodesign

N. America: Cent A/C 2-speed, Mini-splits, VRF with
R-410A units

N. America: Emerging new technology using HFC-32 and
HFO blends

R-410A available

Mexico: HFC-32 inverter by at least one manufacturer

S. America: R-410A both fixed speed and variable
speed
Brazil: 40-50% of R-410A units are inverter

Brazil: HFC-32 inverter available from one manufacturer. A
second manufacturer announced production of HFC-32 by end
of 2019. HC-290 expected to be available once MLF projects
completed.

Other countries: available to import
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INFORMATION ON AVAILABILITY, COST AND ENERGY EFFICIENCY (EE) IMPACT AND
APPLICATION TO CLIMATE REGION FOR DIFFERENT COMPONENTS RELATED TO EE
FOR MEDIUM- AND LOW-GLOBAL-WARMING POTENTIAL REFRIGERANTS FOR
AIR-CONDITIONERS AND SELF-CONTAINED COMMERCIAL REFRIGERATION

EQUIPMENT
Part 1: Air conditioners
. . ._lIncremental  |Applicability to
Component gprilgi?fgﬁitg\ézgzble rnris;rl)tly Remarks cNoer(r:wesjr?(reﬁts ma):oveme%?tem'alcost for RAC|climate region
' : P P unit LATMAT [HAT
Compressors
Mostly
Higher efficiency X Y Y  [rotary X | X | X
compressor
Mostly used Inverter,
-Inverter driven X Y Y " dedicated 20% to 30% 20% X | X | X
or rotary
compressor
- wo  stage Y L |very limited 10% 10%-20% | X | X | X
compression availability
- motor efficiency Y L  [Standard same Same X | X | X
controllers
Energy efficient fan motors
Reduce
- EC fan motors Y Y  [energy, heatController 7% to 15% 15% to 25% X | X | X
load
- variable/fixed- v v x| x | x
speed
- optimized fan v v x| x| x
blades
-tangential fans Y Y Fo_r indoon X | X | X
unit only
- improved axial v v For outdoor x | x| x
fans unit only
Expansion devices
- electronig Y EEV 504 10 20% 15% X | x| x
expansion valves controller
-fixed orifice X Y L RAC heating |Less efficiency negative X | X[ X
- capillary tubes X Y Y TEV Heating mode negative X X | X
Heat exchangers
-Microchannel Only .
; Y Y Y AL/AL 15% negative X | X | X
condenser coil condenser
-Microchannel Less cost
evaporator coil N N N compared o
P the fin and tube|
- smaller tube
diameter for| X Y Y Y CU/AL 10% to 40%, negative X X X
condenser coil
- smaller tube
diameter for Y Y Y CU/AL 10% to 40% negative X | X | X
levaporator coil
S .. [Filter and
Adiabatic y [vey  [onlyin high oo 25% to 30% 20% to 35% X
condensers limited |ambient
treatment
Pipe insulation Y Y Norrr_lal Pipe insulation <2% Standard X | X | X
practice
. See RTOC . See RTOC 2014,+/- depends on
Refrigerant X Y Y b014, 2018 Refrigerant b018 the region X X X
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. . ._lIncremental  |Applicability to
Component gprilgi?ﬂﬁitg\ézgible rnris;r])tly Remarks cNoer%T)SoSr?{e%ts m%):oveme%?tem'alcogt for RAC[climate region
' ' unit LAT MAT HAT
Defro_st Y Y For HP only [controller HP X | X | X
techniques
- hot gas, reverse 4 WAY . .
cycle Y L HP \VALVE negative Heating X | X | X
- resistance some Electric
heaters for Y Y - negative Someareas | X | X | X
- regions heater
Heating
- on demand Y Y controller same X | X | X
control
Controls
- dynamic
demand Y Y standard standard X | X | X
controllers
. Var speed
Rgilsjﬁlrzg head X Y Y cond. fans, | 2—-3%perl K various X X
P controller
Part 2: SCCRE
= Applicability
= Ncl)?()a(ntial to  climate
Slale P Indicative |region
: o | S| 3 |Applicable to « Necessary EE additional
= . T
Option @ | 2| € |what SCCRE? Remarks component(s) IMPTOVE loost  for| > 3§> >
S|le| > ment  of =134
S| S |= . SCCRE
L12|5 entire
g S| SCCRE
| < |
Avoids heating
Anti-fogging glass Y|Y Glass door elements, as Surface Minimal |<5% X X
freezer - treatments
option
Improved cabinet
air flow
- air Open Reduces cold . 0
deflectors/guides Y|y multideck spillage Aerofoils 15% neg. XXX
- s.helf risers and v |y Oper_1 Re_duces cold Plastic strips 4% neg. x [ x| x
weir plates multideck spillage
- short air curtains Y|Y Oper_1 Re_duces cold Airflow design (30% neg. X | X]| X
multideck spillage
- strip/night v |y Oper_1 Re_duces cold Clgar plastic 60% $100 x [ x| x
curtains multideck spillage strips
Energy efficient
fan/motors
- Electronically Less enerav &
Communicated Y | Y |All types 9 % EC motors 10% +15% X | X| X
heat load
(EC) fan motors
- variable speed Y | Y |All types ?i.géld 2-speed Fan motor type |10% +15% X | X]| X
- optimised fan 0
blades Y |All types None 5% Neg.
- tangential fans Y |All types Fan type 5% <10% X | X
- diagonal compact Match press of 0 0
fans Y |All types cabinet Fan type 5% <10%
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= Applicability
2 th?fa(nt'al to  climate
ey EE 18 |Indicative |region
—_ © 175) . s
Option 2|82 Applicable to Remarks Necessary improve additional clz| T
@ | = | = |what SCCRE? component(s) cost for| > || >
S|2| > ment of 45 H
S| lg|= - SCCRE
L85 entire
g/ S8 SCCRE
| < | a
;ar:smpro"ed axial Y | Y |All types Fan type 5% <10% X [ x| X
'faf‘ motor outside Y | N |Never used Not worth it |None n/k neg. X | X]| X
cabinet
Cabinet doors
Reduces  heat
- doors on cabinets Y | Y |All types load and|Doors 45% $300perm| X | X | X
infiltration
Standard  for Reduces  heat
- door gaskets Y|Y " load and|Gaskets 15% $30 X | X| X
reezer A
infiltration
Compressors
Increased by Advanced 20%
- higher efficiency | X | Y | Y |All types 20% over pastCom ressor (MT), neg. X | X| X
20 years P 30% (LT)
Better PL|Inverter, 2 x non-
- Inverter driven X | Y |Y |All types efficiency; dedicated 40% ; X | X]| X
. inverter
with/out PFC  |compressor
Regions having
poor mains
- motor efficiency Y | L |All types POWET, nOtMEC device |10% n/k X | X| X
controllers needed for
Variable Speed
Drive (VSD)
. Two (smaller)
- two stage o |y | Mainly for compr; two|5% 20-40% | X | X | X
compression R744 .
roller rotaries
Special
- economisers / Mainly for compressor  +|, -,
inter-stage coolers XYt R744 flash vessel or 15% nk XXX
HX
Expander /
Expanders X|lY|L Mainly for Integrated 30% n/a X|X| X
R744 compressor-
expander
Cabinet lighting
50% on
- LEDs Y | Y |All types Now standard |LED lamps lighting <0% X|X| X
- occupancy v |y mal_nlyfornon- (_)n_ demand|Proximity 10% <0% x| x| x
Sensors perishables lighting Sensors
Defrost
techniques
- hot gas, reverse Freezers, . Increases leaks
' Y | L [shortens time, "'Valve 5% 3% X | X]| X
cycle .. 'faults
product quality




UNEP/OzL.Pro/ExCom/84/69

Annex Il
= Applicability
2 th?fa(nt'al to  climate
ey EE 18 |Indicative |region
Option 2|82 Applicable to Remarks Necessary improve additional clz| T
@ | = | .= |what SCCRE? component(s) cost for| > || >
o|2> ment OfSCCRE =l e
8 2| E entire
g/ S8 SCCRE
| < | a
- resistance heaters Y|Y MT. anld LT Pre_ferred /Heater rods n/a n/a X | X| X
cabinets reliable
- off-cycle y |y [HT and MT|Eliminates | 0%  |<0% X | X | X
cabinets defrost energy
- on demand Y | Y |All types Defrosts when|Sensors, 10% <5% x| x| x
control needed controller
Controls
- dual port
thermostatic X | Y| N |opentype  [EVEMS TEV nik nik X | x| x
expansion  valve evaporator load
(TEV) (balanced)
- dynamic demand Y | Y |Alltypes Manages Sensors & 40% Various x | x| x
controllers energy use controller
- electronic Modulates EEV and
expansion valves| X | Y | L [Larger cabinets |evaporator 20% $200 X | X| X
controller
(EEV) pressure
- optimisation of| | v | v |All cabinets Anything |Neg. X [ X| X
capillary
. Modulates
- suction pressure (See VSC &|2% per K i
control X | Y | L |Larger systems |evaporator EEV) increase $40-%400| X | X | X
pressure
Reducing head Reduces press|Variable speed2 - 4% .
X |Y | Y |[Larger systems |,. per 1 K|Various X| X
pressure lift fans, controller .
reduction
Larger systems 20%  or
Ejectors X|Y|L ger sy ' Ejector valve  [30% with|$20 X | X
R744 only
R744
Heat exchanger
(HX) design
Better heat
- 0 to 40%
- optimised transfer (HT), .
configuration XY Y |All types lower discharge HX materials |of _ Neg X|X| X
baseline
pressure (DP)
. o Better HT, . 0
- optimised air fins Y | Y |All types lower DP HX design 10% Neg X|X| X
) o Better HT, ; 0
- internal rifling X Y |Y |Alltypes lower DP HX design 5% Neg X | X]| X
- internal fins XY Y |All types Better HT, Internal fins (5% Neg X|X]| X
lower DP
Mainly for
- hydrophobic conds, reduces . 0
coating Y | L |All types dust and Coating 5% Neg X | X]| X
corrosion

LLT: Low Temperature, around -18°C; MT: Medium Temperature, around 0°C to 8°C
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= Applicability
2 th?()a(nt'al to  climate
ey EE 18 |Indicative |region
—_ © wn - s
. o | © | = |Applicable to Necessary . additional
Option @ % S |what SCCRE? Remarks component(s) IMPrOVe leost — for ; ;§> %
o|2> ment  of S5 4
S| lg|= - SCCRE
L85 entire
g/ S8 SCCRE
| < | a
- Anti-corrosion;
- hydrophilic v LA YPES,| educe  water Coating 5% Neg X | X| X
coating evaporators .
layer thickness
i flooded X | Y | N |Larger systems |added to R744 Float v, surge 5% n/a X | X]| X
evaporators drum
Other heat load
. Reflects 0
- radiant reflectors Y | Y |Any glass infrared (IR) Internal surface 8% Neg X | X]| X
- night blinds and Y |All types Can.re.duce. IR[Night  blinds, 20% $300
covers and infiltration |covers
- improved glazing Y |Any glass Reflects IR New glass 5% 5%
- anti-sweat heater v Any with AS|Minimise heat|Controller, 3% Neg.
control heaters load Sensors
. . Instead of
- refrigerant line . . - 10% to
trim heaters Y | Y |LT cabinets resistance Extra piping 25% Neg. X | X
heaters
- vacuum insulated Reduces . 2
panels (VIP) Y | N |All types thermal cond. VIP 15% $400/m X[ X| X
In cabinet
shelves, Integrated heat
Heat pipes Y | N |All types improving ie% 12% n/k X[ X]| X
product pIp
temperature
Leak
minimization
- improved leak Y | Y | Y |Alltypes Degrees of I\/_Ianufacturmg 20% 10% x| x| x
tightness improvement  |Kit
- leak detection Y | Y | L |All types Previously on Sensors 15% 10% X | X| X
large system
Liquid ressure 30% of
quic P X | Y | N |Larger systems Liquid pump  [25% compresso| X | X | X
amplification
r cost
Liquid-suction HX Brazing pipes 0 .
(LSHX) XY Y |All types together LSHX 0% Various X|X]| X
Pipe insulation Y | Y |All types Nor”.‘a' Pipe insulation |3% n/k X | X
practice
. . RTOC
Higher efficiency See RTOC .
refrigerant X Y |Y |All types 2014, 2018 Refrigerant 2014, +/- X | X | (X)
2018
Nanoparticles i » | |\ | All types Experimental, | oparticles |20%  [$20-100 | X | X | X
refrigerant concerns

2 Clodic and Zoughaib (2000).
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Annex IV

AVAILABILITY OF COMPONENTS FOR AIR-CONDITIONING EQUIPMENT WITH
LOW- AND MEDIUM-GLOBAL-WARMING POTENTIAL REFRIGERANTS

This annex presents information on availability and EE aspects relating to AC equipment.
Availability of compressors for AC equipment

1. The most common form of AC equipment, mini-split ductless systems, mainly use rotary type
compressors. The simplest form of rotary compressor is “fixed-speed,” meaning it only has two modes:
“on” or “off”. It turns on to cool a room and turns off once the room has reached the desired set temperature.
“Variable-speed” compressors are inverter-driven and can operate at more than one speed to more
efficiently and comfortably deliver the amount of cooling needed and maintain the desired temperature.
The variable-speed units require electronic control systems, which can add to manufacturing costs.

2. Nearly all rotary compressor production is currently located in Asia and concentrated in China, as
shown in Figure 5. Compressor manufacturing outside of China in descending order of capacity as of 2018
include Thailand, South Korea, Malaysia, Japan, India, Brazil, and the Czech Republic.
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Figure 5. Global RAC Rotary Compressor capacity as at September 2018 (Nicholson et al 2019)

3. China is by far the world’s largest producer of compressors for room air-conditioner, with an
estimated annual capacity of nearly 200 million units per year. In 2018, the four largest compressor
manufacturers in China together accounted for over 60 per cent of global rotary compressor production
capacity.

4. An analysis of company catalogues and websites found that rotary compressors using higher-GWP
HCFC-22 and R-410A refrigerants accounted for the majority of models available worldwide in 2018,
although many companies, mostly in Asia, now offer both fixed-speed and variable-speed compressors
which use medium- and low-GWP HFC-32 and HC-290 refrigerants. However, the analysis found that
none of the variable-speed compressor models identified use HCFC-22. In China, 42 per cent of the
167 million rotary compressors produced in 2017 were of the variable-speed type, compared to five years
earlier in 2012, when these were only 30 per cent of 103 million.
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5. Approximately 30 per cent of the rotary compressors produced in China in 2017 were designed to
operate with the HCFC-22 refrigerant. While the quantity of HCFC-22 units has remained approximately
constant over the past several years (Figure 6), the percentage of HCFC-22 units has declined in recent
years, as the production of units using R-410A has increased to become the dominant type in
China-produced rotary compressors.
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Figure 6. Chinese production of Fixed and Variable Speed Rotary Compressors, 2012-2017

6. Compressors for medium- and lower-GWP refrigerants (HFC-32 and HC-290) are mainly made in
China.
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Figure 7. Chinese Production of Rotary Compressors by Refrigerant, 2012-2017

Note: HFC-134a rotary compressors are primarily used in mobile cooling applications, in contrast to the rest of
the rotary compressor market which is used mainly for room (stationary) AC

7. As can be seen from the chart, the production of HC-290 compressors is not significant compared
to the other refrigerants.

8. Some Middle East countries, especially with HAT conditions, continue to use reciprocating and
scroll compressors in some of their production. Only a few rotary compressors are used for split AC units.
Compressors operating at HAT conditions have specific design requirements (e.g. higher starting torque
against the higher standing pressure during the off cycle; a motor-design suitable for those conditions). The
technology for 2-ton units running on A2L refrigerants is available; however, commercial availability of
compressors will depend on the demand.
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9. The transition from fixed-speed to inverter compressors has sharply increased in the last five years
to meet MEPS requirements, even though MEPS in some countries still list the full load efficiency figures
only, rather than the seasonal efficiency figures. This is the case for Saudi Arabia where most of the AC
units are fixed speed.

10. New compressor lubricants are being developed to be compatible with low-GWP synthetic
refrigerants. Certain conventional polyester (POE) and polyvinyl ether (PVE) oils used for HFC refrigerants
were insufficiently miscible with some refrigerants like HFC-32. New oils with better miscibility properties
have been developed and patented for room AC use.

Availability of heat exchangers for AC

11. In most cases, the heat exchangers continue to be of the “fin-and-tube” type made from copper or
aluminium. However, many companies are switching to use smaller tube diameter and micro-channel heat
exchangers, which are already used in existing high-GWP AC split units. The most commonly used heat
exchanger tube diameter for standard high GWP refrigerant are 3/8-inch (9.525 mm), % inch (6.35 mm),
and 7mm (~1/4 inch) tube diameter, but for the new refrigerants, some companies are using tubes of 5 mm
diameter. These higher energy efficiency components reduce the refrigerant charge and are valuable in
enabling medium and lower GWP refrigerant AC units to comply with safety standards. They are widely
available. More information on heat exchangers in section 3.2.3 of TEAP Task Force report 2019.

Availability of fans for AC

12. Each split unit contains two fans (one in the outdoor unit and one in the indoor unit). Fan
technologies are widely available. There are no special requirements for using efficient fans for medium
and lower-GWP refrigerants.

Availability of refrigeration accessories for AC

13. The accessories for the refrigeration circuit used in the split AC units include the expansion device,
liquid and gas valves, suction accumulator, liquid receiver, oil separator (if needed), and all accessories
installed in the connecting pipes between all major components of the AC unit either in the gas side or
liquid side of the unit. All of these components and accessories are available for high-GWP refrigerant
applications and can be used for the medium- and low-GWP applications.
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Annex V

AVAILABILITY OF COMPONENTS FOR AIR-CONDITIONERS AND SELF-CONTAINED
COMMERCIAL REFRIGERATION EQUIPMENT LOW- AND
MEDIUM-GLOBAL-WARMING POTENTIAL REFRIGERANTS

This annex presents information on availability and energy efficiency aspects relating to SCCRE.
Availability of compressors

1. A variety of different compressors are used in SCCRE, depending upon temperature lift, capacity,
refrigerant type, and so on. For most types of compressors, efficiency improvements arise from marginal
incremental refinements (such as oil distribution, valve losses, motor efficiency, internal leakage, flow path
pressure losses, internal heat transfer, etc.). One major technological progression involves use and
deployment of variable speed compressors, typically using inverter technology to enable the control of
rotational speed over a fairly wide range. Variable speed compressors allow the mass flow of refrigerant to
be adjusted to suit the cooling (or heating) demand so that the system components are essentially closer to
the optimal balance point for the surrounding temperatures. Implicit in this is the lower mass flow (at
sub-maximum load) which leads to reduced pressure losses and less frosting.

2. Usual compressors are hermetic reciprocating, scrolls and rotary (both vertical small print and
horizontal when height restrictions apply). The remaining compressor developments have arisen from the
increased use of R744, where much higher pressures, pressure ratios and pressure differences are present,
compared to usual refrigerants. Although many of these developments are in principle beneficial to other
refrigerants, they result in a costly approach for minor efficiency improvements.

3. The applicability to a specific climate/region depends more on daily or annual variation in
temperature, rather than absolute high or low temperature.

Improved cabinet air flow

4. Improved cabinet air flow has a potentially huge impact on energy use and also product quality.
Various physical approaches are available such as changes to configuration of air ducting and small plastic
baffles and plates. Most are broadly cost-neutral but just require extensive R&D.

Energy-efficient fan/motors

5. Major transformation has occurred in the shape of electronic commutation (EC) motors, which
offer significant reduction in energy use. Further benefits arise from design of fan structure and blade shape.

Doors on cabinets

6. Intuitively the use of doors on display cabinets should yield major energy benefits by retaining cold
air and preventing spillage and entrainment of warm humid air. Major improvements are associated with
“vertical” type cabinets, where infiltration ordinarily contributes to about 70 — 80 per cent of the heat load.
The benefits are less with gondola (also known as well or coffin) type cabinets where infiltration is
responsible for about 20 per cent of the load. Gaskets around glass doors also amplifies the benefit of using
door.

Cabinet lighting

7. Historically SCCRE used fluorescent lamps but presently LEDs are almost ubiquitous. LEDs use
less power and also reduce heat output (thus reducing heat load).

1
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Defrost techniques

8. Historically a variety of defrost techniques have been used, including reverse cycle, hot gas, cool
gas as well as electrical resistance heaters on “off-cycle” where air is continued to be passed over the frosted
coil but with absence of refrigeration. Whilst reverse cycle, hot gas and cool gas defrost offer more efficient
defrosting, they tend to be more costly to implement and have other implications that affect system
reliability, such as causing thermal shock and thus increasing leakage. The most beneficial development
related to defrost is control methodology so that defrosting-on-demand can be applied.

Controls

9. In addition to improved cabinet airflow, and in parallel with variable speed compressor drives, the
most significant contribution to SCCR equipment (SCCRE) efficiency improvement has come from modern
control technology. Application of the electronic expansion valve (EEV) and associated control software
can yield substantial improvements in EE, although at present there is only limited application in SCCRE
due to the relatively high cost, compared to other technologies. Control systems linking compressor
modulation, EEVs, defrost-on-demand, lighting, trim-heaters, fan airflow rates as well as leak detection
based on system parameters can have a major influence on energy consumption and optimisation of cycle
efficiency. Adjusting the cooling to the use pattern e.g. while keeping the product at, say, 3°C if the shop
is closed (such as during weekends, etc.). The set-point temperature can be adjusted to achieve the optimum
balance between run time and pull-down energy demand. Such techniques are not applicable to perishable
products.

Heat exchanger design

10. Features related to heat exchanger design are diverse and given the variation on SCCRE design,
construction and function, it is difficult to make general statements on how much EE improvement
particular approaches can offer and what the potential improvements could be. Target heat exchanger
approach temperature difference should be below 5 K, for both evaporator and condenser. Often it depends
upon the skill and knowledge of heat exchanger designers and manufacturers. In general, it is common
practice today to use microchannel heat exchangers (MCHX) for condensers and brazed plate heat
exchangers (BPHX) for liquid-cooled condensers, which simultaneously offer advantages in terms of
charge reduction (preferred for flammable refrigerants). For smaller capacity units, wire-on-tube (WoT)
condensers are used, which are low cost and provide sufficient levels of EE. The major advantage is
however, that degradation due to dust accumulation over time is substantially.

Heat load

11. Lowering the heat load into the SCCRE helps reduce energy consumption per m? or per m® of
refrigerated space, although it does not necessarily impact on the refrigeration cycle efficiency. Most
approaches are based around limiting thermal transfer from electrical components, minimising radiant heat
transfer from the surroundings and reducing conduction into the space.

Leak minimisation

12. Whilst leak minimisation is a priority for the application of flammable refrigerants, actions to retain
the entire charge can significantly contribute to maintaining the “design” efficiency of a SCCRE. A deficit
of refrigerant charge can go unnoticed until a certain level is reached, but in the meantime the compressor
operates longer, and cycle efficiency degrades.

13. Whilst many of these technologies can in isolation produce substantive improvements in EE,
combining two or more technologies will not result in summation of both improvements. Considered
selection and iteration of implementation is necessary to obtain the most cost-effective benefit.
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14. Many of the “older” technologies are now becoming redundant since newer technologies help
bypass the need for others. For example, locating fan motors outside the cabinet is no longer worth the
effort, when new EC fan motors only emit a fraction of heat of previous fan types

15. National or regional MEPS are the main driver for improving EE. Historically “in-situ” direct
testing of energy use was riddled with misinterpretation and misunderstanding of measurements and results.
Increasingly more rigorous methods are being developed. However, one of the main challenges is
conducting tests that mimic real life conditions, which can vary widely and drastically affect comparative
results.

16. Regulators in certain regions have introduced MEPS. However, the process has been turbulent in
many cases due to the basis (dominator) for determining energy consumption, i.e., per internal volume, per
display area, etc.
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Annex VI

ADDITIONAL COSTS RELATING TO PRODUCTION LINE AND COMPONENT CHANGES
FOR PRODUCING DOMESTIC AIR-CONDITIONERS USING FLAMMABLE
REFRIGERANTS AND COST AND PERFORMANCE ANALYSIS OF ENERGY EFFICIENT

REFRIGERATION AND AIR-CONDITIONING EQUIPMENT

1. Production line changes and additional requirements (modifications) to produce domestic AC units
with flammable refrigerants will require production line equipment modifications and or replacements on
each line including:

@) Refrigerant recovery and charging machines for both A2L and A3 refrigerants
(US $25,000 —US $50,000)

(b) Pressure testing equipment for high pressure refrigerant A2L (HFC-32) (US $15,000 —
US $30,000)

(c) Refrigerant storage tank and accessories (3000 to 10000 litre) US $15,000 — US $40,000)

(d) Structural and safety modifications in the refrigerant charging area (including electrical
panels, piping, anti-static floors and accessories) (US $15,000 — US $25,000)

(e) Modifications to the finished product testing areas (US $10,000 — US $20,000)

4] Modifications for heat exchanger production line for tooling for smaller tube diameter, or
establishment of new production lines for micro-channel heat exchanger (US $1,000,000
— US $1,500,000). It should be noted that smaller diameter or microchannel heat
exchanger, the material cost is significantly reduced.

(9) Labour costs differ between countries, but extra costs will come in two main categories:
(1) Staff training to build capacity in dealing with flammable refrigerants and their

safety requirements.
(i) Additional staff cost to use more skilled workers.
2. The estimated cost for these items varies between countries and depends on the source of the

equipment and availability of parts. For example, the cost of a refrigerant charging machine from China is
30 per cent lower than buying the same specification machine from Europe (in the range US $25,000 —
US $50,000). There is additional cost in the finished product testing area for flammable refrigerant
compared to non-flammable refrigerants, due to the additional piping, isolation valves and gas leakage
sensors (5 to 10 sensors at ~ US $500 each) that are required in many locations.

Safety measures

3. Additional ventilation and fire-fighting equipment is required in the charging area, for safe
manufacture any units for either A2L or A3 refrigerants with estimated costs as follows:

e Charging area ventilation system (US $10,000 — US $20,000)
e Charging area firefighting system including sprinklers and water storage tanks (US $20,000 —
US $30,000)
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Testing

4. Testing facilities are required at two locations, the production line and the laboratory for testing
A2L and/or A3 refrigerants with the following estimated costs:

e The production line testing area (US $50,000 — US $75,000)
e The laboratory for product development (US $50,000 — US $75,000)

IP/technology know-how
5. The costs of technology transfer including IP and know-how are estimated as follows:

e Software (either developed in-house or outsourced from another specialized company: (US $0 —
US $50,000)

e Building prototype(s) to verify performance and validate the software: (US $10,000 — US $20,000)

e |P cost is unknown but may be a royalty (in licensing) or a one-off license payment. For many A2L
refrigerants there is substantial IP in terms of design of the refrigerant supply but moreover for
system design, etc. With A3 refrigerants there is only very limited IP, and this is generally
associated with “gadgets” and are thus not critical to their application.

Logistics
Shipping

6. This will include the additional shipping cost due to flammability for all material and/or
components required for the manufacturing of the AC and CR equipment, and the additional cost of
shipping finished goods either internally or abroad. This differs between countries. As an example, the
shipping cost of a 40 ft container of flammable refrigerant from China to Jordan is US $1,900 compared to
US $1,500 for non-flammable refrigerant. Some countries customs and clearance processes cost an
additional 3-5 per cent.

Handling

7. This includes the cost of handling and storage of the flammable refrigerant and or finished product
inside the manufacturing facilities and preparing it for inland, sea and air freight shipments. The handling
process inside the factory requires the following precautions which increase the cost including:

e Storage of flammable refrigerant can be either inside a storage tank or smaller refrigerant cylinders,
but both need adequate ventilation, and leakage monitoring systems: (US $20,000 — US $30,000)

e Handling the refrigerant and finished products inside the factory requires additional safety
measures for transportation between the production departments and storage areas: (US $10,000 —

US $15,000)
e Additional factory insurance and product liability insurance for flammable refrigerants: (US $8,000
— US $20,000)
Installation
8. This will include the additional costs of the training and awareness programs under the local

jurisdiction; the extra cost of the certification and approvals from the jurisdiction party(s) to comply with
the local building codes; international certification requirements to meet safety standards required in many
countries for in the domestic A/C and commercial refrigeration equipment using flammable refrigerants.

9. This can be in different categories with the following estimates for costs:

2
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@) Training and awareness programmes with certification of workers, workshops etc.
(US $10,000 — US $20,000)

(b) The certification cost for the new products (depending on the number of models needing
to be certified, and the test standards requirements IEC, 1SO, etc. (US $10,000 —
US $15,000)

Overall costs summary

10. In summary, the overall costs, excluding shipping costs, are shown in Table 1 below. From this one
can conclude the following at an overall level.

(@) The investment required to convert an RAC manufacturing facility to flammable
refrigerants is in the range of 300,000 — 500,000 USD.

(b) The additional investment required to maximise energy efficiency by the establishment of
new production lines for micro-channel heat exchangers is in the range 1,000,000 —
1,500,000 USD

Table 1: Estimates of the manufacturing costs for energy efficient RAC equipment containing
low- and medium-GWP flammable refrigerants.

Conversion measure (USD) Minimum | Maximum
Manufacturing

Production line

Refrigerant recovery and charging machines for both A2L and A3 refrigerants 25,000 50,000
Pressure testing equipment for high pressure refrigerant A2L (HFC-32) 15,000 30,000
Refrigerant storage tank and accessories (3000 to 10000 Litre) 15,000 40,000
Structural and safety modifications in the refrigerant charging area (including

electrical panels, piping, anti-static floors and accessories) 15,000 25,000
Modifications to the finished product testing areas 10,000 20,000
Modifications for heat exchanger production line for tooling for smaller tube

diameter, or establishment of new production lines for micro-channel heat | 1,000,000 1,500,000
exchanger

Safety measures

Charging area ventilation system 10,000 20,000
Charging area firefighting system including sprinklers and water storage tanks 20,000 30,000
Testing

Production line testing area 50,000 75,000
Laboratory for product development 50,000 75,000
IP/technology know-how

Software 0 50,000
Building prototype(s) to verify performance and validate the software 10,000 20,000
IP costs? variable variable
Logistics

Shipping

Additional costs 3% 5%

1 Please refer to section 3.1.1 discussion on IP related costs
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Conversion measure (USD) Minimum | Maximum
Handling
Storage of flammable refrigerant can be either inside a storage tank or smaller
refrigerant cylinders, but both need adequate ventilation, and leakage monitoring 20,000 30,000
systems
Handling the refrigerant and finished products inside the factory requires additional
safety measures for transportation between the production departments and storage 10,000 15,000
areas

Additional factory insurance and product liability insurance for flammable

. 8,000 20,000
refrigerants

Installation

Training and awareness programmes with certification of workers, workshops 10,000 20,000
Certification cost for the new products (depending on the number of models 10.000 15.000
needing to be certified, and the test standards requirements IEC, 1SO) ' '
Total without micro-channel heat exchanger production line or shipping) 303,000 535,000

Total with micro-channel heat exchanger production line (excluding shipping) | 1,300,000 2,035,000
(USD)

AC: Cost of components

11. The relative costs of energy efficient components are compared for a 3.5 kW mini-split in China.
The baseline uses R-410A (APF 4.0) and HCFC-22 (EER 3.5) appliances. Certain components discussed
in the following sub-chapter also apply to commercial refrigeration. These components will not be
discussed in the chapter 3.3.

Refrigerant

12. Conventional refrigerants account for about 1 per cent of the total AC cost. The price of refrigerant
always decreases with increasing consumption. Indicative prices of refrigerants commonly used in AC in
China are shown in Fig 1. It is worth noting that in UK, the bulk HC (HC-290, HC-600a, HC-1270) price
varies between USD 1 to USD 1.5 per kg. Furthermore, the average HCFC-22 price is USD 6/kg.

34 -

3.2 -

3.0
28 -
24 . . .
R290 R22

410A R32

Prie (USD/kg)

Figure 1. Estimates of refrigerant prices in China

13. The general price range of refrigerants is low, around 3 USD/kg +/-10 per cent. At an early stage,
new refrigerants are more expensive, and difficult to get a foothold in the market. For example, R-290 is a
by-product of the liquified natural gas (LNG) industry. Its production process is simpler than HFC-32, but
its current price is slightly higher than HFC-32. However, when buying in bulk quantities, refrigerant-grade
propane can be as low as US $1 per kg.
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14. The cost of high-GWP HFCs will rise with the implementation of the F-gas regulation and Kigali
amendment, both of which impact the competitiveness of products containing HFCs. For example, the
guoted price of R-410A in Europe went up tenfold over 2017, and in 2018 is ~ 20 Euro/kg, which far
exceeds the material cost of the refrigerant itself. This increases the competitiveness of medium- and
low-GWP alternative refrigerants and greatly promote the commercialisation of environmentally friendly
refrigerant technologies.
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— — — R410A (GWP 2088)
900 - R407C (GWP 1774)
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e 700 R134a (GWP 1430)
k-
a
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Source: Okorecherche 10/2018, Monitoring of HFC prices in the EU

Figure 2. HFCs quota price trend in Europe (Okorecherche, 2018)
Compressor

15. The compressor accounts for about 20 per cent of the total cost of AC systems. Improving
compressor efficiency represents one of the most direct and effective measure to improve an
air-conditioner’s efficiency. Rotary compressors are the most commonly used. Piston compressors are used
in some window air-conditioner especially in the Middle East, whilst scroll compressors are often used in
lighter commercial products. Today, modern compressors have an efficiency of about 70 per cent. The
majority of the losses are electrical and mechanical, with the remainder due to internal refrigerant leakage.

16. The most effective way to improve the efficiency of a compressor is to use a higher efficiency
motor, but lower scale improvements can also be obtained using refrigerants with properties that provide
higher thermodynamic efficiency, reducing inner leakage and mechanical friction. These will increase the
cost of materials and manufacturing costs. Efficiency can be improved by up to 20 per cent by technical
advances, but cost increases proportionately.

Heat exchangers

17. Finned tubes are the most commonly used heat exchangers for AC. The heat exchanger efficiency
is mainly determined by the heat transfer coefficient, area and the flow friction and has a major impact on
the system’s cooling/heating capacity. The smaller the heat transferring temperature difference (i.e. the
larger heat transferring coefficient multiplied by the area) and the smaller the flow friction, the higher the
heat exchanger efficiency, which can be achieved. Measures to improve efficiency include heat transferring
enhanced copper tubes and fins, increasing air volume, reducing contact thermal resistance between fins
and copper tubes, improving manufacturing processing to reduce the damage to the heat transfer enhancing
structure, and increase of the surface area and to improve the contact between tubes and fins. Most of these
increase the cost of manufacturing. Recent considerations such as reducing the heat exchanger volume to
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reduce the volume of refrigerant and the use of thinner tubes (<5mm diameter) have not yet been assessed
in terms of manufacturing costs

18. The relationship between the heat transfer efficiency of finned tubes to the system energy
efficiency, and accordingly increased cost are shown in the figure below. Both found a proportionate
increase in heat transfer efficiency in relation to cost.
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Figure 3. Heat exchanger cost and air-conditioner efficiency changing with heat exchanger efficiency

19. Micro-channel heat exchangers have a different mechanical structure, and approximately 40 per
cent higher heat transfer efficiency than finned tube exchangers, due to:

o Higher air side heat transferring efficiency (larger tube area facing the airflow, with tubes connected
with the fins by welding or by metal forming?, rather than by expansion);

e Less refrigerant flow resistance due to shorter and more direct tubes;
Higher refrigerant heat transfer coefficient

o Reduced system refrigerant charge by as much as 40 per cent.

20. Micro-channel heat exchangers require more complex to develop and are difficult to use them as
evaporators. In addition, they can have higher maintenance costs because they are made from aluminium
and the weld points can corrode in some conditions. Nevertheless, compared to finned tube heat exchangers,
micro-channel heat exchangers have similar or marginally lower (~5 per cent) cost for the same capacity,
and have higher (0-5 per cent) efficiency.

2 Metal forming, is the metalworking process of fashioning metal parts and objects through mechanical deformation;
the workpiece is reshaped without adding or removing material, and its mass remains unchanged
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Fans/motors

21. There are two main types of fan motor used in air-conditioners - direct current (DC, efficiency
70 per cent) and alternating current (AC, efficiency 30 per cent). DC motors have a much higher efficiency
but are almost double the cost compared to AC motors.

22, AC efficiency can be improved by increasing airflow rate. The air volume flow is proportional to
the power of the fan. There is an optimum airflow rate at which the air-conditioner has highest efficiency.
If the airflow is less than the optimum, increasing airflow benefits the system efficiency. However, if
airflow rate is greater than the optimum then system efficiency declines due to additional power needed to
overcome high-pressure loss that has a diminishing benefit to heat transfer. The cost of the fan and motor
increases with increasing airflow rates in a stepwise fashion, because a single fan/motor can cover a range
of airflow rates. Selecting the correct fan for cost versus efficiency varies from case to case. As can be seen,
there is an optimal fan speed, above which efficiency declines and cost increases.

Power(w)
=N WD
o O o ©

o

800 1000 1200 1400 1600
Air flow rate(m3/h))

Figure 4. Schematic of fan power changing with airflow rate

E ffciency Cost
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Figure 5. Schematic of air-conditioner efficiency and motor cost changing with air flow
Maintenance; self-cleaning

23. Most air-conditioners will have 5-10 per cent decline in efficiency during their lifetime, mainly due
to dust deposition on heat exchange surface, the more complicated the fin geometry and the more rows of
tubes, then the greater the dust deposition. As a result, the resistance to airflow increases and the air flow
volume decreases, which reduces the efficiency of the heat exchanger and of the air-conditioner. Therefore,
regular maintenance and cleaning of the AC system is essential in maintaining energy efficiency.
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Increasingly, new products have a self-cleaning design at an additional cost of about $20 (Task Force
estimate).
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Figure 6. Schematic of airflow decrease changing with static pressure increase, to mimic dust build-up
Retrofit technologies

24, Several retrofit technologies offer EE improvements compared to baseline technologies. Some of
these retrofit technologies include for room AC:

o Electronic, programmable, and self-learning Wi-Fi-enabled thermostat (estimated at 5 per cent
energy saving);

e Central control system (estimated at 10 per cent energy saving); and

e Replacement of indoor and outdoor fan motors with variable speed ECM motors.

25. For commercial self-contained AC units, retrofit technologies include:

Digital controllers to improve the compressor and fan controls;

Adding doors/shields to vertical self-contained units;

Replacing lighting with LED (reduce load and power draw); and

Changing the thermostat set-point and reduce the glass-door heater power requirement

Install anti-fog films on glass doors and deactivate glass door heaters (reduce load and power draw).

Costs of components for higher EE, specific to CR

26. As discussed in the previous sub-chapter, the energy consumption associated with a CR appliance
is dictated not only by the system design and its components but also the construction of the equipment that
is often unrelated to the system. Thus, there are a variety of elements that can be applied to commercial
refrigeration appliances that may or may not be affected by the refrigerant type. Their cost can vary widely,
depending upon the type of appliance, it’s size and also its function.

217. Table 2.7 in Chapter 2 of TEAP task force report lists all the often-considered options for improving
SCCRE energy consumption; there are of course other options, but which may be applicable to
non-self-contained or centralised type systems. The options have been broadly categorised according to its
function, for example, improving airflow, improving fan energy, reducing heat load and so on. Of course,
the effectiveness and cost of most of these options are interrelated. As noted above, the indicative additional
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costs are applicable to certain classes of SCCRE, but also the size of the appliance; most of these apply to
a 1.2 mor 2.5 m length cabinet.

System design and optimization
(i) Cost-neutral EE upgrades
28. EE is one of the main design features that product development engineers consider during the
development of new platforms, however, there are several other important factors that impact the design
including manufacturability, reliability, cost, performance, etc. An engineer will always consider
cost-neutral EE upgrades, whilst potentially improving other features. Some of the relevant examples of
cost-neutral or cost-reduction EE upgrades include:

@) Micro-channel heat exchangers;

(b) Improved fan designs;

(©) Optimized air flow distribution;

(d) Higher efficiency compressors; and

(e) Evaporator and Condenser design optimization (within certain limits)
(i) Additional cost savings opportunities from EE measures
29. Some EE measures should be studied holistically, as they can increase or decrease costs elsewhere.
For example, using brushless DC motors (electronically commutated motors, ECM) fans in commercial
refrigeration units would require the use of more expensive electrical conductor (3- or 4-wires DC
conductor instead of the usual 2-wires AC conductor). In contrast, a higher efficiency commercial
refrigerator requires less electrical power and thus smaller electrical wire gauge and switches with a lower
total installed cost.
30. All aluminium micro-channel heat exchangers reduce material cost, require lower refrigerant
charge/cost, and because they are smaller and lighter result in reduced chassis cost, reduced cover cost,

reduced packaging cost, and reduced transportation and storage costs.

(iii))  System design and optimization case study: Sino - US CFC-Free Super-Efficient Refrigerator
Project

31. During the phase-down of CFC refrigerants, parties were interested in providing energy efficient
solutions. One of the major studies performed was the “The Sino - US CFC-Free Super-Efficient
Refrigerator Project Progress Report: Prototype Design & Testing” to promote the transformation of the
Chinese industry to the production of CFC-free, super-efficient domestic refrigerators. Technologies
examined in that effort included:

@) Non-CFC refrigerants and foam-blowing agents;

(b) Alternate refrigeration cycles;

(c) More efficient compressors;

(d) Optimization of condenser and evaporator designs;

(e) Increased insulation thickness; and
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4] Improvements to door gaskets and controls.

32. EPA (1997) reported that the China Household Electric Appliance Research Institute (CHEARI),
the Haier Group, and the University of Maryland collaborated to build and test typical Chinese refrigerators,
evaluate Chinese consumer opinion research on the marketing of ozone-friendly, energy-efficient
refrigerators, and perform field testing for one year in three Chinese cities to test the performance of units
under actual operating conditions. EPA (1997) concluded the following:

33. Laboratory tests have demonstrated that conversion from (CFCs) to alternative refrigerants and
foam-blowing agents can be achieved along with substantial energy savings as shown Table 2.

Table 2: Summary of laboratory test results (EPA, 1997)

Energy savings |Technology improvement options employed
~20% Lorenz cycle with non-CFC refrigerant blend
—20% Increa_sed foam insulation (about 2 cm) to sides, back, bottom, and (1 cm) to both doors
of cabinet
~40% Increased foam insulation and improved compressor
~50% :)r;crzased insulation, improved compressor, and Lorenz cycle with non-CFC refrigerant
en

34. Chinese consumer opinion research showed that Chinese consumers care more about the quality of
the product and they are willing to pay 20 per cent more for a higher quality product which consumes 40 per
cent less energy than the models currently available.

35. The optimized models showed significant higher energy savings in the field than in laboratory tests;
however, noise level was a concern with the field-tested units.
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