
1

Development of high efficiency CODevelopment of high efficiency CO22 Heat Pump for Heat Pump for 

domestic hot waterdomestic hot water
Dr.-Ing. Georges KHOURY
Chief Engineer of ECO Activities

SANDEN Manufacturing Europe, France



2

Agenda

�SANDEN profile

�Regulations and needs

�CO2 heat pump

�Development

�Learned Lessons from Field

�Improvements integration

�Cost Analysis

Development of high efficiency CODevelopment of high efficiency CO22 Heat Pump for Heat Pump for 

domestic hot waterdomestic hot water



3

SANDEN Group Profile

Automotive

equipment

Household

equipment

Food

storage

equipment

1,324 M€ / 67% 568 M€ / 29% 

76 M€ / 4%

HeatingHeating

CoolingCooling
Core technologyCore technology

1/4 of vehicles are air conditionned by Sanden products
1/3 of food storage equipments are Sanden products

8 750 (15 000 with JV)Employees

1 968 M€ in 2010Turnover

July 30., 1943Creation
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GLOBAL FACILITIES Mfg and R&D

Taiwan Plant
Airconditioner for Asia

The Vendo Company
Dallas Plant

Vend. machine for America

India Plant
Airconditioner for Asia

RSG

SIE/VDU
VDE RGW

RIM

RIO VDS

ROD

ROU
ICI

TSA

STC

SRT
ICT

SIM
SIS

SIS
RCQ

SJI

SAP
ICP

SPK
SVL/PVL

SIA

VDA

VDI
VDF

ROF
SME

VDB

SAM

SOA/SFD

SMX

R&D facilities
Automotive

Vending machine

Store systems

Sales

TCE

PET
SIT

SSA/RSH

Copyright©2004 SANDEN Corporation. All Rights Reserved

SGCT
Material & Advanced tech

Akagi
Vending systems

Yattajima
Automotive systems

Technical Center Europe
In Deutschland 

Compressor for Europe

Sanden International USA
Wylie Plant

Comp. for North America

Sanden International USA
Detroit Office

Compressor for North America

Sanden Manuf’g Europe
Tinténiac - France

Tianjin Plant
Airconditioner for China

Singapore Plant
Airconditioner for Asia

Philippine Plant
Airconditioner for Asia

With the concept of “Closer to customers”
Global SCM and development structure with 56 facilities in 23 countries.
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Focus: Sanden Manufacturing Europe (SME)

CREATION : April 1995

SOP : June 1996

CAPITAL : 33.2 M Euros 

TO : 216 M€ (FY10)

EMPLOYEES : 780 pers

TOTAL SURFACE : 22 Hect.

BUILDING: 5.4 Hect.

>> Tinténiac (35)

MANUFACTURING & DEVELOPMENT (R&D)

Activities : 

> Compressors + HVAC

- 5 assembly lines

- 180 machining

centers

- 7 die casting units

> European Warranty Centre

> Heat Pumps

- 1 assembly line
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Thermal Regulations in France

DHW Situation 

DHW 15% of Building energy consumption ⇒⇒⇒⇒

7% of national Energy consumption

Market: 1 million unit /year for DHW

To satisfy RT2012, the Primary Energy

consumption for DHW should be reduced to less

than (<18 kWh_pe/m2/yr)

Lack of technologies for RT2012Lack of technologies for RT2012

�Solar DWH >31 kWh_pe/m2/yr

�Electric boiler: bad efficiency (<80%) and > 54  

kWh_pe/m2/yr for standard family (50% 

houses actually)

�Solar DWH combined with Gas > 20 

kWh_pe/m2/yr ) 

+ need maintenance + space on the roof

�Thermodynamic DHW ⇒⇒⇒⇒ (>25 kWh_pe/m2/yr)

EU Target 3 x 20

France: Industrial support, customers Incentives

& Challenging thermal regulations
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CO2 Heat Pump

SoftWater Quality

55 to 85°°°°CWater T°°°°

370 LitersTank Capacity

4.5 kWHeat Capacity

OutdoorInstallation

2 Million units sold in Japan since 2000

500k+ units per year

SANDEN product for Japan
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CO2 Advantages 

DHW application: wide range of conditions due the 

usage of R744 and the Inverter technology

�Best Thermophysical and transport 

properties after Ammonia

�Transcritical ⇒ Lower performance in AC 

application for high ambient T°

�Transcritical with T° glide turns to 

advantage in water heating application

� The Best for DHW application
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Japan France and EU
Split type 1 block -2 Modules 

Indoor

Constant Variable

Tank capacity 370L 150L

Soft water

Outdoor

Heating capacity

Development : Adaptation

Hard water

200 VAC 230 VAC

JP standards EU standards

Product improvement

Range Extension

SOP and Market

Build Assembly line

Field Tests

Basic Development

20122011201020092008
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Development : specifications

Less than 50kgWeight

-1st control Logic

Eco mode: full heat during the night 

and daily heat if middle T° sensor is 

cold < 50°C

Eco mode or Comfort mode

-System-

Installation Indoor

Power supply 1 -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 CO2

Outer size 670X780X680mm

Weight Less than 76kg

Heating capacity 4.5 and 3.5kW

Duct size D200mm

-Tank unit-

Tank volume 150 liters

Outer size 960X780X680mm
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Development : SANDEN Heat Pump technology

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
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Specs: Water T°°°°, heat and Tank capacities

Heat Capacity & COPHeat Capacity & COP

�Noise 40 dBA

X Noise 44 dBA

� T°°°° 65°°°°C

NO @ EN-STD 

Conditions 7°°°°C

T°°°° and Heat Capacity selection

Tank capacity selection 

� T°°°° 65°°°°C good compromise for size, COP, water availability, 

bacteria killing, reduce scaling risks, etc.

•Tank capacity of 150 liters 

with a daily boost can cover 

the need of DHW of a 6 

people family

•Heat up of 150 liters in 

2h29min in ECO mode
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Development: Lab tests

Tests with Old Standard EN255-3

Indoor & Outdoor Noise < 40 dBA

Outdoor noise configurationOutdoor noise configuration Indoor noise configurationIndoor noise configuration

Acoustic Tests according to ENV 12102 and EN ISO 3746
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Field Tests 
Field tests Field tests 

area (H1a)area (H1a)Climatic ZonesClimatic Zones

Field Tests Families 
sizes from 1 to 5 people
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Field Tests : Nice Weather during installation !!!

Good Sign ???
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Already positive impact on Global Warming !!!
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Field Tests results Proto #2
Outdoor temperature(Dec 2008 to Jan 2010)
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Field Tests first conclusions

Main Feedback

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

�Very low Noise level

�No failures and no scaling issues

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

conditions

�Installation without difficulties but it takes time (1 day / installation)

�Efficiency lower than target (3.0) and standards test results

Main Improvement items

�Limit HP operation time 

�Improve Stratification

�Reduce Heat losses of tank and pipes

�Reduce Installation time

�Aesthetic aspect
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Field Tests first conclusions

Main Feedback

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

�Very low Noise level

�No failures and no scaling issues

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

conditions

�Installation without difficulties but it takes time (1 day / installation)

�Efficiency lower than target (3.0) and standards test results

Main Improvement items

�Reduce Heat losses of tank and pipes

Warm ambiance but bad on COP !!!

Some chicken eggs found on one prototype
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Performance Target achieved

Real Life usage

Lab tests show that we achieve annual COP target

COP (Eco mode) close to 3 with Proto#5 and for the final product

(Dec2011)

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

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

Annual consumption 

16 kWh p_e/m2/ yr (H1)

13 kWh p_e/m2/ yr (H3)

COP 3.2 & Pes = 22 W

COP 3.2 
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3 cases studied (all units /year):

360 l @ 60°C

216 l @ 60°C

144 l @ 60°C

Incl. syst. losses

3051 kWh120 l200 lFamily of 4 people

7627 kWh300 l500 lSmall tertiary appl.

4577 kWh180 l300 lFamily of 6 people

Elec. Consumption (e. boiler)DHW @ 60°CDHW @ 40°CHousing

Costs breakdown factors:

> product > installation > maintenance

> electricity cost > real consumption > replacement

Competing electrical

technologies:

One shot expenses Lifetime expenses

* source: benchmarking & ADEME data

N/A (~ 2.2)YesSunSolar water heater

2.5 @7°CNoAmbient airHigh quality HFC DHW HP

2.3 @20°CYesExhaust air

3.2 @7°C

2.5 @7°C

0.8

COP (EN 16147)

NoN/AElectrical boiler

YesOutside airSANDEN CO2 DHW HP

YesOutside air

Free 

Calories

Calories source

SPF for CO2 system

is set up with a

DHW T°°°°=65°°°°C !!

Other systems: 52.5°°°°C

COST: CO2 DHW HP vs other technologies

New Standard EN16147 (PrEN255-3)

COP 3.2 (Best in the Market)

Conditions 7°°°°C air T°°°° and Cycle L
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Example of France: H2b climate case (mild) 

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

installation and maintenance costs

Initial cost of CO2 DHW 

HP is compensated by 

its very low energy

consumption.

COST: CO2 DHW HP vs other technologies
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COST: CO2 DHW HP vs other technologies

DHW high consumption (300 to 500l @ 40°°°°C per day) allows CO2 DHW HP 

to get advantage vs competitors.

Large family 
(6people)

Small 
Tertiary
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Conclusion

Noise

Best competitors

Running costs

Initial cost

Green refrigerant

Installation & maintenance 

easiness

High performance (real SPF)

Renewable energy

CO2 DHW HP statusMarket drivers

Red ���� Green (for cost)

Product range

Automotive experience

Cost savings on construction
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Thank you for your attention


