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1．Introduction 

The gas engine-driven heat pump air conditioner (GHP) is a gas 

air-conditioning system that heats and cools by means of heat-pump 

operation. GHPs have an outdoor compressor driven by the gas engine. 

Since GHPs were introduced for sale in 1987, they have widely spread 

mainly in commercial use, with recognition given to their features including 

good energy-saving performance, low electricity consumption and high 

effectiveness in power-saving and electricity peak shaving. For GHPs to 

further spread and expand, there are two major issues to be addressed 

with regard to market needs. 

The first is to enhance efficiency. In order to respond to the requirements 

for energy saving and reduction of CO2 emissions, efficiency of GHPs 

must be enhanced both in terms of equipment efficiency and operational 

efficiency.  

The second is to reinforce security, as the Great East Japan Earthquake 

triggered a rapid increase in the need for securing power sources in times 

of power failure. 

This paper reports on the technological trends of the latest GHPs that 

should respond to these market needs.  

 

Figure 1. Sales Trends of GHPs 

 

2. Ultrahigh Efficiency GHPs 

Conventionally, developments to enhance efficiency of GHPs were 

centered on improving their rated COP (coefficient of performance) under 

rated conditions. However, the APF (Annual Performance Factor) Index, 

which takes into account the actual use status, has been becoming 

increasingly popular as the efficiency index since being incorporated into 

the Japan Industrial Standards (JIS) in 2006. In this regard, the 

APF-equivalent is used as the index that regards GHPs as electric heat 

pumps (EHPs) having comparable efficiency on a primary energy basis. 

Since April 2011, Aisin Seiki, Panasonic, Yanmar Energy System and the 

three gas companies (Tokyo Gas, Toho Gas and Osaka Gas) have been 

commercializing the ultrahigh efficiency GHPs (hereafter referred to as 

“GHP XAIR”) that have the highest level of efficiency among multi-split air 

conditioners for buildings.  

2.1 Technologies to Achieve Higher Efficiency 

The technologies for higher efficiency incorporated in the GHP XAIR are 

explained below. 

(1) Downsizing of engines 

In general, when the same output is made by engines with different 

displacement (exhaust volume), engines with smaller displacement have 

fewer pumping loss and friction loss and thus require less fuel 

consumption. Thus, if the displacement of the engines can be made 

smaller while maintaining the air-conditioning output of GHPs, fuel 

expenses are expected to improve. Accordingly, the latest development 

achieved higher efficiency by reducing the engine displacement to 

optimize the engine output. 

 

Figure 2. Downsizing of Engines 

 

(2) Reduction of engine speed 

Basically, engine efficiency becomes higher when engines drive with 

higher torque. For GHPs, high-torque operation is achieved by enlarging 

the diameter of the engine pulley, as the rotational power of gas engines 

are transmitted to compressors through a belt. 

On the other hand, the air-conditioning output is proportional to [engine 

revolution × torque]. Accordingly, under the same air-conditioning output, 

the engine revolution must be reduced to achieve high-torque operation. 

In the latest development, high-torque operation was realized by enlarging 

the engine pulley diameter while at the same time expanding the 
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operating range of the engine revolution into the lower side. 
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Figure 3. Overview of Reduction of Engine Speed 

 

(3) Optimization of the refrigerant line of outdoor unit heat exchanger 

The power required for refrigerant circulation is reduced by decreasing the 

pressure loss of heat exchangers, thereby leading to higher efficiency. In 

addition, the heat transfer coefficient becomes higher by increasing the 

flow rate of the liquefied refrigerant, thereby leading to higher efficiently. 

Therefore, we optimized the refrigerant lines that can both achieve a 

reduction in the pressure loss and an increase in the flow rate by 

increasing the number of flow lines of the gas refrigerant, which have a 

large pressure loss, and reducing the number of flow lines of the liquefied 

refrigerant. 

 

Figure 4.  Illustrative Figure for Optimizing the Refrigerant Lines of Outdoor Unit 

Heat Exchangers 

 

3．Energy-Saving Services for GHPs 

The three gas companies are offering remote monitoring services, which 

primarily comprise the automatic reporting function upon failures, as part of 

their maintenance services, which contributed to improve customer 

satisfaction. 
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Figure 5. Overview of the Remote Monitoring System 

By utilizing the infrastructures for the remote monitoring services, Aisin 

Seiki, Panasonic, Yanmar Energy System and the three gas companies 

commercialized a new, intelligent-type remote monitoring adaptor in April 

2012 to enable energy-saving services that improve the operational 

efficiency of GHPs. 

3.1 Overview of the New Remote Monitoring Adaptor 

By connecting the remote monitoring adaptor to the GHP outdoor unit, 

two-way communication is enabled with the Remote Monitoring Centers 

of the three gas companies through wireless connection, and the 

operation of the GHP can be controlled. The new adaptor has 

incorporated the energy-saving functions described in Table 1, making it 

possible to provide a variety of energy-saving services to customers. 

Table 1. Overview of the Energy-Saving Services 

Major functions Content 

Energy saving 

control 

Automatic energy-saving operation in accordance 

with the load in order to satisfy both energy saving 

performance and comfort 

Selective control Optimizes the number of operating units when 

multiple outdoor units are operated for 

air-conditioning a large space 

Scheduling 

function 

Management functions including schedule setting, 

automatic switching-off and temperature control 

Daily reporting 

function 

Makes operation status visible for customers by 

accumulating and compiling operational information 

 Figure 6 shows an example of energy-saving control operations, in 

which fluctuations of engine revolution in the ordinary control mode are 

automatically controlled. On the other hand, the room temperature is 

always monitored and, when comfort drops, the energy-saving control 

level is automatically adjusted so as to satisfy both energy-saving 

capability and comfort. The results of monitor tests conducted by Toho 

Gas allow expectations for energy saving of 10% to 20% 

 

Figure 6. Example of Energy-Saving Control Operations 
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4. GHPs with Self-Sustained Power Sources 

In April 2012, Panasonic and the three gas companies commercialized 

GHPs with self-sustained power sources (hereinafter referred to as “Excel 

Plus”) that can conduct air-conditioning operation and supply electricity to 

lighting and other equipment in a blackout. Aisin Seiki and Yanmar Energy 

System also commercialized the product afterward. 

4.1 System Overview 

Figure 7 shows the overview of the GHPs with self-sustained power 

sources. The system is based on a GHP with a power generating function, 

and is equipped with a start-up battery and a feeder circuit from the battery 

to the circuit board, among other things. Modifications have also been 

made to power generation and air-conditioning control in a blackout. 

These have enabled the system to supply electricity to the air conditioner, 

lighting and the receptacle outlet load even in a blackout. Furthermore, if 

air conditioning is not required in a blackout, the system can operate only 

for supplying electricity. With regard to switching from commercial power 

supply to the self-sustained circuit, a dedicated power supply switch board 

is installed, with the self-sustained load set at the secondary side of the 

switch board. The start-up of the system in a blackout can be conducted 

by operating the newly-added self-sustained operation switch. 

 

Figure 7. System Configuration of Excel Plus 

A renewed version of Excel Plus that can re-utilize existing refrigerant 

pipes was also commercialized in April 2013, making it easier to conduct 

replacement at existing properties. Moreover, by combining with High 

Power Excel, it can increase the load capacity that can be used in a 

blackout. 

 

5. Future Outlook 

GHP XAIR is the mainstay of the current GHP products. Going forward, 

we intend to develop equipment succeeding GHP XAIR that should 

respond to the environmental changes in the air-conditioning industry. 

Moreover, in order to meet a variety of market needs, we will work to 

sophisticate the energy-saving services by utilizing remote monitoring and 

develop derivative equipment on the basis of GHP XAIR. As such, we are 

resolved to support the spread of GHPs through technological 

development. 
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