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=Regulations and needs
*CO, heat pump
=Development

=l earned Lessons from Field
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SANDEN Group Profile E""
eCO
July 30., 1943

Heating
1 968 M€ in 2010 c Core technology Q
. Cooling
8 750 (15 000 with JV)
1,324 M€ / 67% 568 M€ / 29% WAL*MART"
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1/4 of vehicles are air conditionned by Sanden products
1/3 of food storage equipments are Sanden products ’




GLOBAL FACILITIES : Mfg and R&D

With the concept of “Closer to customers”
Global SCM and development structure with 56 facilities in 23 countries.

O R&D facilities

@ Automotive
Vending machine

o Store systems
Sales

Copyright©2004 SANDEN Corporation. All RightS"/REse!



Focus: Sanden Manufacturing Europe (SME)

SANDEN

eCO

CREATION : April 1995

>> Tinténiac (35) SOP : June 1996
MANUFACTURING & DEVELOPMENT (R&D) Eua CAPITAL : 33.2 M Euros
Activities : A T0:216 M€ (FY10)
> Compressors + HVAC [50 14001
-5 assemb|y lines 5%5 EMPLOYEES : 780 pers

. - 180 machining N—/ TOTALSURFACE : 22 Hect.
C?ﬂte r§ VERSION 2000

o SR W - 7 die casting units vadonass,  BUILDING: 5.4 Hect.

*f*;ﬁ."'g European Warranty Centre

jﬁe it Pumps

7 -1assembly line .




Thermal Regulations in France

SANDEN

Agriculture Eco
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450 32% 10
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. w
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Lack of technologies for RT2012

France: industrial support, customers Incentives

& Challenging thermal regulations »Solar DWH >31 kWh_pe/m2/yr

. . =Electric boiler: bad efficiency (<80%) and > 54
DHW Situation kWh_pe/m2/yr for standard family (50%
DHW 15% of Building energy consumption = houses actually)
7% of national Energy consumption =Solar DWH combined with Gas > 20

kWh_pe/m2/yr)
+ need maintenance + space on the roof

To satisfy RT2012, the Primary Energy *Thermodynamic DHW = (>25 kWh_pe/m2/yr)
consumption for DHW should be reduced to less

than (<18 kWh_pe/m2/yr)

Market: 1 million unit /year for DHW
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. JRYAe CO, Heat Pump

faster to Europe
natural refrigerants Target Applications

11-12 October 2011 in Brussels
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SANDEN product for Japan

M Hot

.=\ | Installation Outdoor

Heat pump unit Mixing tank

0z compressor

Heat Capacity 4.5 kW

g Compression raises
the tempetature

Tank Capacity 370 Liters

Heat absorbed Water T° 55 to 85°C

¢’

Water Quality Soft

Reversing
valve

0009 refrigerant is cooled via
expansion enabling heat to be
absorbed more easily from the air.

2 Million units sold in Japan since 2000
500k+ units per year 7

Water input —

7

How EcoCute Uses Heat in the Air to Produce Hot Water



CO, Advantages

S_ANDEN
eCO
35000 .
T soons =Best Thermophysical and transport
Z g s | properties after Ammonia
*:;—),' L = ~—— R410a . .
& 20000 - — o7 | "Transcritical = Lower performance in AC
e —r717 | gpplication for high ambient T°
2 10000 | —R250
S s000 A - - 4 | sTranscritical with T° glide turns to
e —R22 . . . .
S 0 ‘ I . advantage in water heating application
20 -15 -10 -5 0 53 10 15 20 25
Saturation Temperature [°C] = The Best for DHW app“cation
L
CO, (R744) cycle with outside air T° at -15°C
CO (R?44) cycle wnh outsmle air T° at +20°C
N 1 T\ N SRRy :'cr;yi'.;al' eMore efficient in hot water due to absence of Pinch Point
over the critical point - Détendeur Al NN PSRN i
. -=,,, o s AT HFC co2
o Dkonchur_._ ¥ - - R TR PRV A "
| ' T T : .
‘: 7 Refrigerant 60°C Refrigerant 90°C
;§ i A e temp.
B [ vivfiayd 78 Pinch
7 L0 idr e i Water temp. Point
‘ _/_ _ A 19 " e 1 Temp evolution inside heat exchanger Temp evolution inside heat exchanger
W00 120 140 5~ 180 2« 2"' 240 2&; 233 Bve‘m\:‘;l.é-{‘”:' 3a. '.‘f 2‘) “40 ‘6 450 500 520 540 %80 580 600
DHW application: wide range of conditions due the 3

usage of R744 and the Inverter technology




Development : Adaptation

ﬂapan

——

Split type

Outdoor

SANDEN

eCO

1 block -2 Modules

KFrance and EU

Indoor

>

200 VAC

Tank capacity 370L 150L

230 VAC
£ >

>

| JP standards

EU standl-a.lg

Variabl

Heating capacity

Sort water

Hard w%

2008

2009

2010 2011 2012

Basic Development

v

Field Tests

Build Assembly line

Product improvement

SOP and Market

Range Extension




Development : specifications

Installation Indoor

Power supply 1P-230VAC 50 Hz

Annual COP (PARIS) 3.0 (100% HP no elec backup)
Noise 40dBA

Temperature range (Outdoor) -15 to 43°C(no backup)

Temperature range (Indoor) Higher than 0°C

-Heat pump unit-

Refrigerant co,

Outer size 670X780X680mm
Weight Less than 76kg
Heating capacity 4.5 and 3.5kW
Duct size D200mm

Tank volume 150 liters

Outer size 960X780X680mm
Weight Less than 50kg

-1st control Logic

Eco mode or Comfort mode Eco mode: full heat during the night
and daily heat if middle T° sensor is
cold < 50°C

e i e e o e

< <«
drain pump
340 mm [
S S )
. -
\"\‘.-‘h
wem Ny i mm

SANDEN

eCO

conpressor

condensahle water

domestic cold water




Development : SANDEN Heat Pump technology -

Motor fan

DC Brushless motor
: .

@sDC Original Fan for Evaporator

s

Fan & motor

ElectroniCEvaporator (Fin & tube)

Expansion
valve

OZ
ompressor

Internal heat exch anger
(Double tube)

thermistor

Pressure switch Inverter

Water line

Circulation”  thermistor Gas cooler

pump (Double tube)

Environmental
gain
A Compressor

Life Cycle Analysis study done:

- Bring environment friendly products to the market.

- Evaluate the product total impact on the environment.

- Creation of a Life Cycle Analysis tool to optimize:
Design (materials and product performances)
Production and logistics (up- and downstream)
Life operation and usage (> 80% of impact)
End of life solutions

high

V2010

20,50 % global

V2013

16,92 % global

average

V2015

2,70 % global 0,08 % global

V2012

ow

11
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easy | average hard Feasibility



Specs: Water T°, heat and Tank capacities -

o . . / o o
T° and Heat Capacity selection Average T°65°C
Peak COP for Proto#1 Heat pump COP 85°C 108.7% NO * @ EN-STD
out door temperaturd out dooptemperature o ..
car;Zitity t?ai:;;:::i »c  |rc |aoc Car;Zitity tii:;?a\rz?:i; 2C 7°C 20°C car;Zitity t?aﬂ;;::;i; Average By 100.0%} - Conditions 7°C
75°C 837 7%
55T 232| 2.75| 3.85 557 116.00d 10509 106.6% 557 100.5%
2 5l B5°C 2| 28 381 2.5l B5°C 100.0% mu.uzi{ 100.0% 2 5l B5°C 100.0%
75T 1.97] 237 302 75°C 985 a2 B3.7% 75°C 91.1% :
55T 244] 271| 4.58 55°C 107.5%| ©o.3%| 115.1% 55°C 107.3% Heat CapaCIty & COP
25K B5°C 227 273 3.98 35 BEC 100.094 10000 100.0% 35K B5°C 100.0% 0951] 1011 ned 93 6%
75T 204 2.26] 3.5 75°C BI.0%| 82.8 B7.0% 75 BE.0% 05 0881l 0.9l 081
55°C 311 4.4 55°C 105.4 114.3% 55°C 109.9% ' ' ' '
4.5k B5C 251| 2.05 3.65 4.5KW BEC 100.0%| 100.0%| 100.0% 4.5k B5C on.osel | 086868 1.05] 0.86) —
750 2.17| 2.38] 2.44 75°C B6.5 7 B0, 4% 750 B5.2% 1 1 1 100.0%
3.4 i 1 1|v'Noise 40 dBA |
o ~eo . . ey epe 1 1 1
v/ T° 65°C good compromise for size, COP, water availability, L e e B R —
bacteria killing, reduce scaling risks, etc. 4.5 1,106 1.08] 0.87 _
1.064| 1.04| 0.85]X Noise 44 dBA

I
Tank capacity selection

Daily DHW requirement
{high values)

Nb of people  Nb liters DHW at 60°C eTank capacity of 150 liters
23

Sink 1-2 25

14 3 - with a daily boost can cover
56 45 41

Wash basin T p e the need of DHW of a 6
34 50 45 1
. i - people family

Shiower 1-2 50 45 . .
34 50 73 eHeat up of 150 liters in
5h 110 100 e e

Bath 1.9 190 105 2h29min in ECO mode
34 190 173
ahb 250 e

Source: Ademe 12

total 4 people 165 150

total 6 people 225 205



Development: Lab tests

Tests with Old Standard EN255-3

COP (EN255-3)

7°C

3.4

15°C

4.15

20°C

43

Seasonal COP (EN255-3 / 13°C)

4.0

Bestin class

SANDEN

Acoustic Tests according to ENV 12102 and EN ISO 3746

Outdoor noise configuration

=CO
Hnl=Cy
Indoor noise configuration
Config 1
Top view
::mdi:r.iufd J
E{ 1000mm \@

Sat ll'(.d_h?ul?'

melar pomilion

Height: 1000mm

Height: 2000mm

Indoor & Outdoor Noise < 40 dBA

13




Field tests

A area (H1a) Field Tests

Climatic Zones

Air inlet &
outlet

10 prototypes version 2
installed in 10 Field tests

houses
Site Family | First operation
No | ProtoNo | o e s wWall
1| proto No2 3WES confort concrete block |
2| proto No3 3 confort concrete block
3| proto No5 4 nigh store . .
alprotoNo6 | 3or2 nigh concretebiock |  F1€ld Tests Families
5{proto Nod 5 confot | concreteblock | Sizes from 1 to 5 people
Bproto No1 1 nigh concrete block
7lproto No9 3 nigh store
8{proto Nog 4 confort concrete block
gl proto No7 5 nigh concrete 14
10[proto No10 | 3or 5 corfort concrete block |




Field Tests : Nice Weather during installation !!! ES'A"co
Good Sign ???




eCO

Already positive impact on Global Warming !!! E




Field Tests results Proto #2 -

eCO

Outdoor temperature(Dec 2008 to Jan 2010) Proto#2 #Siteq = Site2 Site3 ¢ Site4  ASite5
@ Site6 W Site7 A Site8 [ Site9 Sitel0

¢ Maximum in a month(eg) = Minimum in a month(eg) 10
Average in a month(°c)

©

40
35
30
25
20
15
10
5

0
-5
-10
-15

Temperature(eg)
Used thermal energy
(kW)

OFRL NWHMOUULO N ©

1 2 3 4 5 6 7 8 9 10 11 12 \

1 2 3 4 5 6 7 8 9 10 11 12 Month
Month

I Outdoor air T°: -11 to 36°C
significantly during summer

Hot water consumption decreases ‘

140 2.4
= 2.2 Hot water consumption 18
s 120 2.0 - 126L/day @ 65°C
§ 100 e
£ 80 é 1.4 Tap annual COP below 2.2
2 o
8 60 s 1.2 Improvements required to
5 8- 1.0 .
g achieve target 3.0
Z 40 " 08
T 0.6
20 0.4
0.2
0 0.0

1234586 78910 12 3 4 5 6 7 8 9 10 17
Site Site




Field Tests first conclusions Es_mco
Main Feedback

mUsers satisfaction of hot water availability (2.5 hours to heat up 150 liters in Eco mode)

=VVery low Noise level
=No failures and no scaling issues

*The annual Tapping COP depends much more of hot water consumption than outdoor
conditions

= |nstallation without difficulties but it takes time (1 day / installation)

mEfficiency lower than target (3.0) and standards test results
I

Main Improvement items

=Limit HP operation time
="|mprove Stratification
=Reduce Heat losses of tank and pipes |

mReduce Installation time

=Aesthetic aspect




Field Tests first conclusions ES_A,,CO
Main Feedback

mUsers satisfaction of hot water availability (2.5 hours to heat up 150 liters in Eco mode)

=VVery low Noise level
=No failures and no scaling issues

*The annual Tapping COP depends much more of hot water consumption than outdoor
conditions

= |nstallation without difficulties but it takes time (1 day / installation)

mEfficiency lower than target (3.0) and standards test results
I

Main Improvement items
mReduce Heat losses of tank and pipes

Warm ambiance but bad on COP !!!

Some chicken eggs found on one prototype 19



Performance Target achieved .

eCO
3.2
30
G g
6?2
26
o
224
-l':E 22 -Improvement of insulator
© in TU (change thickness)
T 20
c _ Proto#3. 1 -= 4
c18 -Expansion water change -Improverment of air flow in HP
< (from hot water to cold water) -heat loss reduction  {sharter water
.ﬂ 16 - Dptimization of control pipe)
% 14 -Standby consumption  Ew=dw
+ -Improvement of insulator -Optimization of defrosting control
12 (change gap) -Optimization of heating up control
< (Optimization of compressar speed,
— 1.0 fan speed and pump)
Protog#2
-Proto # 5 |
Real Life usage Introduction of new compressar
and Cptimization of MY
Lab tests show that we achieve annual COP target COP3.2&Pes=22W
COP (Eco mode) close to 3 with Proto#5 and for the final product r Annual consumption |
I
(Dec2011) : 16 kWh p_e/m2/ yr (H1) |
- I
Target achieved \/ | _13kWh p_e/m2/yr (H3) |

Standard EN16147 with air T° at 7°C with cycle L

COP=3.2 (cycle L ~ 100 liters tapping) and Pes =22 W 20




COST: CO, DHW HP vs other technologies

* source: benchmarking & ADEME data

3 cases studied (all units /year):

SANDEN

eCO

Family of 4 people 200 | 120 | 144 | @ 60°C 3051 kWh
Family of 6 people 3001 180 | 216 | @ 60°C 4577 kWh
Small tertiary appl. 500 | 3001 360 | @ 60°C 7627 kWh

Costs breakdown factors:[__ ] One shot expenses
> product > installation
ctricity cos > real consumption

1 Lifetime expenses
> maintenance
> replacement

Competing electrical

lories sour Free P(EN 1614
technologies: . Standard EN16147 (PrEN25
OP 3.2 (Best in the Market
Electrical boiler N/A No 0.8 nditions 7°C air T° and Cycl
High quality HFC DHW HP | Ambient air No 2.5 @7°C
Exhaust air Yes 2.3 @20°C
Outside air Yes 2.5 @7°C 2 System
is set up with a
Solar water heater Sun Yes N/A (™~ 2.2) DHW T°=65°C I
SANDEN CO, DHW HP Outside air Yes 3.2 @7°C ne ems:

21



COST: CO, DHW HP vs other technologies

Example of France: H2b climate case (mild)

*source: Eurostat 2011 for electricity prices; market survey for products,

installation and maintenance costs

Real DHW cost per technology type
for a 4 people family

SANDEN

eCO

20000
18000 Electrical boiler
16000 —— High quality HFC DHW HP - Ambient {inside) air
14000
12000 ——High quality HFZ DHW HF - Exhaust air
10000 ——High guality HFC DHW HP - Qutside -~
o o
2000 Initial cost of CO, DHW
6000 —— Solar water heatar .
HP is compensated by
4000 — SANDEN DHYY AQUAECO2 HP °
2000 its very low energy
- - - -Future CO2 DHW HP - Cost down H
0 consumption.
DHW HPs vs market drivers
Renewable energy DHW HPs vs market drivers
R hi
Running cos igh performance {real SPF) e
e e Rl{)\{\ing cos igh performance (real SPF)
458 Compel 3
Initial cost oise
=Bt competitors
~tFuture CO2 DHW HP
stallation & maintenance Initial cost oise
Graen refrigeran i
easiness
Positive evolution through: 22
> recognition of CO, efficiency ‘ raerssaliiparan stallation & maintenance
> volume effect easiness




COST: CO, DHW HP vs other technologies .

eCO

25000

Electrical boiler

20000 . ) o )
—— High quality HFC DHY HF - Ambient (inside) air

—— High quality HFC DHWY HF - Exhaust air

Larg e fami Iy 15000
(6people)

—— High quality HFC DHWY HF - Outside air
10000

Solar water heater

5000
—SANDEN DHYY AQUAECO2 HP

- - - -Future COZ DHW HP - Cost down

to get advantage vs competitors.

30000

——Electrical boiler

25000
—— High quality HFC DHW HP - Ambient (inside) air

Sm al I 20000
Tertiary -

—— High quality HFC DHW HP - Exhaust air

—— High quality HFC DHW HP - Outside air

10000 ——— Solar water heater

—— SANDEN DHW AQUAECO2 HP
5000

- = - -Future CO2 DHW HF - Cost down

23




Conclusion

SANDEN

Market drivers eCO

Best competitors CO, DHW HP status

Renewable energy

High performance (real SPF)

Noise

Installation & maintenance
easiness

Red - Green (for cost)

Green refrigerant Product range

Initial cost Automotive experience

] Cost savings on construction
Running costs

CO, is the solution for
NATURAL, ECOLOGICAL ;
COMFORTABLE, HIGH PERFORMANCE,
QUIET and HIGH QUALITATIVE
DHW systems

coMmMuU NICATION WILL BE A KEY TO MAKE EVERYONE UNDERSTA_Nb THAT
CO, AS REFRIGERANT HELPS TO FIGHT CO, EMISSIONS
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