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Combination of Heat Pumps That Utilize Ambient Heat and High-Efficiency 
Power Sources enhance "Energy Security"
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Condensation

Compression

Heat exchanger (outdoor unit)
A gaseous refrigerant 
exchanges heat with outside 
air at a high temperature, 
becomes high-temperature 
liquid, and dissipates 
condensing heat. The liquid 
does not boil even at a high 
temperature because of high 
pressure, and the refrigerant 
remains in liquid state.

Outside air 
at a higher 
temperature

Liquid (medium
temperature and 
high pressure)

Gas (high temperature 
and high pressure)

Ambient
in summer

Heat absorbed in the 
room is added to outside 
air, and hot air hotter 
than the outside air is 
blown out into the 
atmosphere.

High 
pressure

Low 

Compressor
Gas(High temperature 
and high pressure)

Gas(Low temperature 
and low pressure)

Compression Absorption

Pressure and 
temperature are 
raised by compression
of gaseous refrigerant.

Electric
energy

Heat Pump's Mechanism to Pump up Heat

When a spray is continuously 
pushed, the pressure inside of 
the spray is lowered and the air 
in the spray is cooled. An 
expansion valve is the same as 
a tap. The higher the pressure 
becomes on the upstream side, 
the lower the pressure becomes 
on the downstream side.

Temperature is 
lowered by 
expansion of 
part of liquid 
refrigerant.High 

pressure

Low pressure

Heat exchange
(Indoor unit)

Heat exchange
(Indoor unit)

Room Air 

Cool air

Expansion valve
Liquid(Medium
temperature and 
high pressure)

Gas + liquid(Low 
temperature and 
low pressure)

Expansion

Heat exchanger (indoor unit)
Gas + liquid (low temperature 
and low pressure)

Gas (low temperature 
and low pressure)

Indoor air

Liquid refrigerant 
exchanges heat 
with air, absorbs 
evaporation heat 
and becomes gas.

Evaporation
At the time of disinfection 
with alcohol, alcohol
evaporates and absorbs heat 
from your skin, making you 
feel cool. The refrigerant is 
also such liquid that can 
easily evaporate.

Comparison to Familiar Phenomena

Expansion Expansion 

  Water in the air is cooled 
by a cool cup and adheres 
to the surface of the cup 
as water droplets.
  Water in a pressure 
cooker is pressurized, and 
does not boil and remains 
in liquid state.

Air in a tire increases 
its pressure and 
temperature when it 
is compressed by a 
bicycle pump.

CompressorCompressor

valvevalve

Heat 
exchanger
(Outdoor unit)

Heat 
exchanger
(Outdoor unit)

Flow of 
refrigerant
Flow of 
refrigerant

Flow of 
refrigerant
Flow of 
refrigerant

pressure
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Up to 18.6
(1,100 tons) Up to 20.3

(1,100 tons)

* COP (Coefficient of Performance)
COP represents energy consumption efficiency.  The ratio of cooling (heating) output divided by the energy inputted.  
COP = 6 means that input of electricity of 1 is required to produce heat of 6.  In other words, it shows the efficiency 
when heat energy of 1 is pumped up, electric energy of only one-sixth of the heat energy is required.



Heat Pumps

page 70 page 71

4. Toward the Low-Carbon Society with Heat Pumps

Structural Drawing of 
Thermal Storage Tank

Operation 
to produce 
and store 
cold energy

Operation to 
produce cold 
energy to be 
immediately 
used

Daily cooling 
load

To use 
stored 
cold 
energy

Installed capacity required 
by non-therm

al-storage system

R
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installed capacity
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installed capacity

22：00 8：00 18：00 22:00 on the following day

Nighttime Daytime

Installed capacity 
required by therm

al
storage system

Installed capacity 
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al
storage system

Image of Thermal Storage Operation Overall appearance (on the left) and inside (on the 
right) of ice thermal storage tank

< Source:  BAC Japan Co., Ltd. >

< Source:  Meiwa Service Inc. >

    A heat pump is a mechanism that freely creates 
the temperature you want to use when you want .  
However, the demand for air conditioning in 
offices reaches a peak during daytime, and air 
conditioners are rarely used during nighttime.
If equipment is prepared in proportion to such 
demand, the availability factor of such equipment 
remains low.
    For this reason, "thermal storage" air 
conditioning that produces and stores the heat 
needed for air conditioning during nighttime 
when the demand for air conditioning is small and 
utilizes the stored heat at a peak during daytime is 
now receiving much attention.
    If this thermal storage system is compared 
to a car for easy understanding, it is similar to 
hybrid cars that have recently come into wide 
use.  The engines of hybrid cars differ little from 
that of conventional cars.  However, as the former 
mainly uses the most efficient part of the engine, 
its fuel efficiency is drastically improved.  As the 

thermal storage system can also allow heat pumps 
to operate more efficiently, it is congenial to heat 
pumps.
    With this thermal storage system, large air 
conditioning systems that are made proportional 
to the peak during daytime will be unnecessary, 
and the basic charge of electricity contract can 
be saved.  Moreover, as the system produces and 
stores heat by using an inexpensive nighttime 
electricity service, overall running cost is 
lowered.  Moreover, as the heat source equipment 
is efficiently operated at a constant speed, it saves 
energy consumption by about 10%.
    Thermal storage stores heat in the water and 
ice stored in tanks.
    In Japan as a whole, a peak of 1.6GW or 
equivalent to 1.5 large power plants is reduced 
by thermal storage.  Thermal storage is expected 
to come into wide use as a mechanism to further 
exploit the advantages of eco-friendly heat 
pumps.

Thermal Storage Air Conditioning
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Top Runner Standard

Heat exchanger
Blower fan

Cooling airflow

Cross-section structure of indoor unit

Airflow inside of indoor unit (simulation)
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"Vacuum Heat Insulation Materials" Has Drastically 
Improved Energy-Saving Feature of Refrigerator

From Chlorofluorocarbon to Natural Materials: Changes 
in Refrigerant
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Conventional method

er

ing by
water

Heat pump 
nit

. Drying at high temperatures by heater

. Water-cooled dehumidification

. Drying at low temperatures without using a heater

. Dehumidification and drying without using water

Heat pump method

Depressurization

Dehumidifi cation

Compression
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Effect of Eco Cute

If all households in Suginami ward use Eco Cute (a 
total of 280,000 households), 230,000 tons of CO2
emissions could be reduced.

Suginami ward

Image of CO2 emissions reduction

CO2 emissions reduction equivalent 
to preserving forest areas of:

Heat island controlling effect

Decreases in
temperatures

It is estimated that some 0.5℃ would drop, if all 
households in Tokyo's 23 wards, totaling some 4 million, 
use Eco Cute, which recovers urban waste heat.

< Source:  Central Research Institute of Electric Power 
   Industry >

Eco Cute will have the same effect as entire areas of 
Tokyo's 23 wards are covered by forests.
Eco Cute will have the same effect as entire areas of 
Tokyo's 23 wards are covered by forests.
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    Eco Cute pumps up the heat of the air to boil 
water.  Chlorofluorocarbon used as refrigerant
in air conditioners are not able to efficiently 
produce high temperatures required for hot water 
supply.  Using CO2 as refrigerant has solved this 
bottleneck.
    Compressed CO2 up to 100 barometric 
pressures reaches supercritical state, a state 
somewhere between a gas and a liquid.  CO2 in 
this state can be easily heated up to much higher 
temperatures, enabling heating water over 90℃, 
necessary for hot water supply.  Then, in 1998, 
Central Research Institute of Electric Power 
Industry of Japan, DENSO CORPORATION, and 
Tokyo Electric Power Company (TEPCO) started 
joint development of the world's first natural 
refrigerant heat pump water heater.  Eco Cute was 
introduced to the Japanese market in 2001. 

    The largest advantage of Eco Cute is that "it 
does not burn fuel."  "The common sense of 
burning fuel to boil water" has become completely 
outdated.   

Instead of burning, necessary heat is taken in from 
the "air."  Accordingly, no CO2 is emitted, as 
contrasted to a burning process.  
A small amount of CO2 is emitted at the time 
of power generation to obtain marginal power 
required for pumping up heat from the air.  But, 
the amount of CO2 emission is much less than a 
combustion type water heater.
    A combustion type water heater is unable 
to take in energy more than the amount put in.  
On the other hand, Eco Cute has improved its 
efficiency to COP = 4.9 in the 2006 model from 
COP = 3.5 of the initial model.  Even taking into 
account of 40% of power generation efficiency, 
it produces heat greater than the energy put in a 
power station.  Its primary energy consumption is 
much less than combustion type water heater.        
    As a result, in case of Eco Cute with COP = 4, it 
releases some 65% less CO2, compared with 
conventional water heaters.  Reduction in CO2 
emission totals 0.8 ton a year per household in 
Japan.     
    One-third of total household energy 
consumption of Japan is for hot water supply.  
Currently, combustion type water heaters have a 
majority market share.  If efficient Eco Cute 
spreads, significant energy-saving and reduction of 
CO2 emissions would be possible.  Residential 
sector account for 15% of total energy 
consumption 
in Japan.  If all home water heaters are replaced by 
Eco Cute of COP = 4, 25 million tons of CO2 
emissions, or some 2% of the total, could be 
reduced a year in Japan.

    Appreciating such a great potential for reduction 
of CO2 emissions, the Japanese  government sets a 
plan to introduce 5.2 million units by the time of 
2010 as part of efforts to achieve the targets of the 
Kyoto Protocol.  The government introduces a 
subsidizing system to help its wider use.

Characteristics of Eco Cute



Heat Pumps

page 82 page 83

4. Toward the Low-Carbon Society with Heat Pumps

)

CO2 emissions 
reduction 
potential: about 
100 million tons 
of CO2 in Japan

About 98.5 million tons of 
CO2 (about 67% reduction)

and thermal storage systems




