Heat Pumps

3. Further guide to the Heat Pumps

Q1. Why does the wide use of heat pumps contribute to prevention of
global warming?

Q2. What merits does the use of heat pump air-conditioner for heating
bring about?

Q3. I understand that heat pumps are now utilized for hot water supply in
Japan. What is the current situation of such heat pumps?

Q4. I understand that heat pumps are utilized in a wide range of fields.
What applications are they used for?

Q5. I understand that the performance of centrifugal chillers used as large

Why does the wide use of heat pumps contribute to prevention of
global warming?

Trump Card in Measures Against Global Warming Doing
Without Combustion
Reducing CO2 emitting combustion of fossil fuels as much as possible is effective
to prevent global warming.
From this point of view, heat pumps do not burn fuels at the places of use of heat.
Instead, heat pumps efficiently utilize clean and inexhaustible unused energy such as
"heat in the air" and "heat in the ground," which exist everywhere. As heat pumps
make it unnecessary to burn fossil fuels, they significantly reduce CO2 emissions in
large quantity, and are very effective as a measure to prevent global warming.
With the wider use of heat pumps, it is no longer a distant dream to create
combustion-free and low-carbon society.

cooling equipment is also rapidly improving. What is the current
situation of such centrifugal chillers ?

Q6. Heat pumps are now used to utilize heat in a wide range of
applications. What history do heat pumps have?

Q7. Japan seems to be actively promoting technology development of and
giving policy-based support to heat pumps. How about Europe and
America?

Q8. How little do heat pumps emit CO2 compared with various types of
combustion-based equipment?

Breakthrough of Limit of Energy Efficiency
Heat pumps collect heat energy several times as large as the amount of electricity
inputted to operate them. Moreover, the performance of heat pumps has continued to
improve year by year, and the amount of electricity needed to collect the same amount
of heat has decreased. As a result, heat pumps make it possible to utilize the amount
of heat energy in far excess of the amount of primary energy inputted at power
stations, even though the loss at the time of power generation is taken into
consideration. If a heat pump of COP6 (= 600% thermal efficiency) is operated by
the electricity of 40% generating efficiency, the input of primary energy of 100
produces heat energy of 240 (= 100 x 40% x 600%) that is more than twice as large
the inputted energy. Heat pumps have largely broken through the limit of efficiency
of conventional combustion-based equipment that cannot produce larger heat energy
than the amount of primary energy inputted under the thermal efficiency limit of
100%.

Q9. What policies does Japan proceed with to promote heat pumps?

Q10. How much potential do heat pumps have to reduce CO2 emissions?
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Figure 3.1.1 “Heat Pumps” Can Utilize Heat Energy in Excess of Energy Inputted at Power Station.
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Figure 3.2.1 Heat Pumps of Japan Are Remarkably Increasing Their Efficiency in Recent Years
Improvement of element technology has made it possible
to efficiently pump up heat with less electricity.
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<As for air-conditioners for residential use, COP at the time of cooling by
the most efficient air-conditioner with the cooling capability of 2.2 kW class>
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Inverters made it possible to "operate air-conditioners at variable RPM in proportion
to frequencies. Inverter air-conditioners operate at a high RPM speed at the start of
operation and achieve the set temperature in a short time. For both cooling and
heating, inverter air-conditioners shift to low-RPM operation once they achieve a
desirable preset temperature, and then operate at flexible RPM to maintain the
temperature. Therefore, comfortable room temperatures can be maintained by small
power consumption.

Competition for Efficiency Under Top Runner Regulations*
In Japan, moreover, the efficiency (COP) of heat pump itself has drastically
improved in recent years. In the early 1990s, COP was about 3. Since 1999 when the
top runner regulations were applied under the revised Law Concerning the Rational
Use of Energy, manufacturers began competing for high-efficiency products.
Element technologies such as compressors, heat exchangers, motors, etc. were
polished up. At present, a large number of products with efficiency in excess of COP
= 6 are sold on the market. As a result, air-conditioners have reduced power
consumption by one-half from ten years ago and they have become the best heating
appliance in terms of cost, energy conservation, and environmental protection.
* The top runner regulations are a regulatory program that was introduced in the latter half of the 1990s in Japan as a
mechanism to foster continuous improvement of efficiency of energy-consuming equipment such as vehicles and home
electric appliances. Specifically speaking, the top runner regulations have made it mandatory for those companies that
produce or import the specific products designated by the Law Concerning the Rational Use of Energy to improve the
energy-saving performance of their products higher than that of respective best products now made available on the market
by the target fiscal year.

Figure 3.2.2 Image of Top Runner Regulations of Japan
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19km/L
18km/L

Least Costly and Least CO2-Emitting Heating System
In Japan, however, though air-conditioners have been improved to increase
efficiency and reduce cost in reality, there are still many general users who have a
wrong preconceived notion that "electric heating with heat pumps requires high
running cost" probably because of the impression of inefficiency home airconditioners in olden days in Japan. Maybe for this reason, despite the high
ownership rate of heat pump air-conditioners that can play a double role as both
cooler and heater, they are not used for heating in winter in reality.
The comparison of energy prices per MJ in the Tokyo metropolitan area as of
November 2006 shows that the energy price of high-efficiency air-conditioners of
COP = 6.6 is 0.9 yen, that of kerosene stoves with thermal efficiency of 100% is 2.1
yen, and that of gas stoves with thermal efficiency of 100% is 2.5 yen.
Similarly, the comparison of CO2 emissions per MJ shows that CO2 emissions of
high-efficiency air-conditioners of COP = 6.6 are 0.015 kg-CO2, that of kerosene
stoves with thermal efficiency of 100% are0.068 kg-CO2, and that of gas stoves with
thermal efficiency of 100% are 0.051 kg-CO2. [ see. chapter 1. Figure 1.4]
As indicated above, the running cost for heating and CO2 emissions of heat pump
air-conditioners are one-third to one-fourth of that of oil and gas combustion-based
equipment. Actively utilizing such efficient equipment to reduce CO2 emissions is a
very realistic measure.
CO2 emissions from homes in Japan amount to about 3.5 tons per household a year,
and heating accounts for 20% thereof. Oil and gas combustion-based equipment
accounts for 90% of energy consumption for heating. Utilization of heat pump airconditioners, of which CO2 emissions are as small as one-third to one-fourth of that of
kerosene and gas stoves, allows comfortable energy conservation.
In the not-distant future, equipment that recycles heat within a home in various
forms may make its debut such as those that have functions to boil water with waste
heat from cooling, recover heat from hot water in a bathtub, etc. by capitalizing on the
characteristics of heat pumps.

17km/L
16km/L
Achievement
is determined
by a weighted
average of
each product
classification.
Target year
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Figure 3.3.1 “Heat in the Air” Pumped up by Heat Pump
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Even at temperatures
below the freezing point,
heat exists in the air.
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Figure 3.3.2 Relations Between “Pressure” and “Temperature”
of the Air Utilized byHeat Pump (Boyle-Charle’s law)

Figure 3.3.3 Heating and Hot Water Supply Fields Dominated by Combustion-based
Equipment Have a Large Room for CO2 Emission Reductions.
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When the air expands,
its temperature decreases.

Breakdown of energy consumption for hot water supply in Japan
(nationwide in fiscal 2004)
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Gas 27%
Kerosene 62%

Breakdown of energy consumption for heating in Japan
(nationwide in fiscal 2004)
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Figure 3.4.1 Various Applications of Heat Pumps in Proportion to Scale and Temperature
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Figure 3.4.2 Heat Pumps Are also Highly Efficient for District Heating and Cooling in Japan.
(Overall energy efficiency at each typical point: actual results in fiscal 2005)
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Figure 3.6.1 Concept of Heat Pump Invented by Carnot
(To reversely perform the work performed by a heat engine)
Temperature

Temperature

(1)

(2)

Height
of heat

Height
of heat

Power
(Electricity)

“Heat engine”
that creates power (electricity)
with high-temperature heat

Power
(Electricity)

“Heat pump”
that pumps up heat with power
(electricity)

Figure 3.5.1 COP of Partial Load Performance of Centrifugal chiller by Inverters
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Figure 3.6.2 Theoretical COP of Heat Pump
(in the case where the environmental temperature is 7°
C
COP
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Figure 3.7.1 Ground Source Heat Pump Widely Used in Cold
Climate Areas in Europe and America
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Under the action plan (1995-2000) of the U.S. Department of Energy (DOE), the
widespread use of ground source heat pumps was promoted as part of "Promotion of
Renewable Energy Market and Ground Source Heat Pumps." Ground source heat
pumps are installed at the private residences of former President Bill Clinton and
President George W. Bush.
According to the European Heat Pump Association (EHPA), the number of ground
source heat pumps installed in 2005 increased by 16% from the previous year. In the
context, energy prices such as oil and electric power increased, and replacements of
boilers and electric heaters with ground source heat pumps increased. Moreover,
citizens' interest in environmental issues and global warming issues has been growing
and the opportunities for utilization of renewable energy have been enhanced. In
response to such trends, governments of many countries have started adopting
measures to foster the introduction of ground source heat pumps.

Figure 3.7.2 Utilization of Renewable Energy by Use of Ambient Heat
In Germany, the heat in the ground, water and air, which is used by heat pumps, is defined as “renewable energy” of solar origin,
and the introduction of heat pumps is promoted under the government policy.
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In Sweden, the widespread use of heat pumps is very actively promoted. Sweden
takes energy measures that focus on the utilization of renewable energy with an
importance attached to CO2 reductions and energy conservation. In the past, heating
was provided by boilers in general in Sweden. In the 1980s, the Swedish government
started providing subsidies for the use of heat pumps. As a result, heat pumps rapidly
came into wide use in the latter half of the 1990s, and heat pumps have come into the
widest use in Sweden among European countries. The number of heat pumps
installed in Sweden has reached about 400,000, and 70% of which are ground source
heat pumps. Moreover, about 90% of newly built houses that are highly insulated and
highly airtight collect and reuse ventilation waste heat with heat pumps.
In Switzerland, the government developed its energy conservation strategy in 2000
with a target to replace 3.5% of heat produced by fossil fuels with renewable energy
by 2010. The target is placed on heat pumps. The government plans to introduce
100,000 heat pumps in 50% of newly built houses by 2010 and supports the
introduction of this type of appliances. At present, half of heat pumps in Switzerland
utilize heat in the air and another half utilize heat in the ground.
Germany is eager for wind power generation and photovoltaic power generation,
and actively promoting the introduction of heat pumps in recent years as "heat pumps
are renewable energy." In 2005, the number of heat pumps for space heating newly
sold amounted to 17,600, up 35% from the previous year, and the number of heat
pumps in use reached about 100,000. In Europe, Germany has rapidly grown to the
second largest market of ground source heat pumps.
German Environment Ministry showed the "concept of renewable energy" in Figure
3.7.2. According to the concept, it is understood that the sources of renewable energy
are the energies of the sun, the earth and the moon, and these sources appear in
various forms of natural phenomena on the earth and are used as energy. For
example, as the heat energy from the sun changes into "wind" on the earth's surface, it
is understood that heat in the air and heat in the ground, which are utilized by heat
pumps, are originally the energy conveyed from the sun like wind power and sunlight.

Source: “Renewable Energies” (2006) of German Environment Ministry
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Figure 3.7.3 Heat Pumps Are Recognized as “Renewable Energy”
in EU’s energy statistics (at the end of 2004)
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Source:EU-25 Energy Fiches (http://ec.europa.eu)

Figure 3.8.1 Energy-saving and CO2 Emission Reductions Performance of Heat Pumps
(Comparison between fan heater and air-conditioner at the time of heating)
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31

Power consumption : 100MJ÷6(COP)=17MJ
Primary energy : 17MJ÷36.9%=46MJ
(Law Concerning Promotion of Measures Against
Global Warming: primary energy equivalent)
CO2 : 17MJ÷3.6MJ/kWh x 0.37kg-CO2/kWh
(Results of Tokyo Electric Power Co. in fiscal 2005)
= 1.75kg-CO2(31)
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Figure 3.8.2 Energy-saving and CO2 Emission Reductions Performance of Heat Pumps
(Comparison between boiler and Eco Cute at the time of hot water supply)
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39

Power consumption : 100MJ÷4.9(COP)=20MJ
Primary energy : 20MJ÷36.9%=54MJ
(Law Concerning Promotion of Measures Against
Global Warming: primary energy equivalent)
CO2 : 20MJ÷3.6MJ/kWh x 0.37kg-CO2/kWh
(Results of Tokyo Electric Power Co. in fiscal 2005)
= 2.06kg-CO2(39)
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Figure 3.9.1 Policy-based Expectations Running High for Heat Pumps in Japan
<Kyoto Protocol Target Achievement Plan (2005)>
Target of widespread use by 2010: 5.2 million units of Eco Cute and 12,000 high-efficiency air-conditioners for
business use.
<Liberal Democratic Party’s interim Report on Integrated Energy Strategy (2006)>
Energy conservation is purely a domestic non-fossil energy. It is necessary to further promote Japan’s energysaving technologies that are foremost advanced in the world (high-efficiency water heaters, high-efficiency airconditioners, etc. such as air source heat pumps).
<Report to the Ministry of METI on New Energies (2006)>
Heat pumps that drastically improve energy efficiency are defined as the “innovative technology for advanced
utilization of energy,” to which policy-based resources should be intensively inputted.
<New National Energy Strategy (2006)>
“Hyper combustion technology” and “technology to utilize energy beyond time and space” are expected to be
realized, and “energy-saving equipment for commercial use such as high-efficiency water heaters, high-efficiency
air-conditioners, etc. are expected to come into wider use and the efficiency thereof is expected to be improved.”
<Energy Master Plan of the Cabinet (2007)>
As high priority technology to be developed, Japan declares its policy to accelerate the introduction of the “heat
pump technology that efficiently collect low-temperature unused heat energy in the air to create utilizable
temperature energy,” and expand the scope of utilization of heat pumps.
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Figure 3.10.1 Many Advantages Provided by Utilization of Ambient Heat
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