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ABSTRACT  

An absorption refrigeration system used for exploiting mid-
low temperature geothermal resources is described, in 
which a two-stage LiBr/H2O absorption chiller driven by 
hot water is the core technique. The refrigeration system is 
driven by a low-temperature hot source and consists of an 
evaporator, a low-pressure absorber, a low-pressure 
generator, a high-pressure absorber, a high-pressure 
generator, a condenser, a low-pressure heat exchanger, and 
a high-pressure heat exchanger. 

This refrigeration system can reduce the geothermal water 
of above 70°C to 60°C. Experimental data indicated that the 
COP of this chiller ranges from 0.38 to 0.42 with heat 
source temperature of 63-65°C. Compared to the traditional 
air-conditioner, implementation of this system reduces 
power consumption by 62%, and the payback period of the 
investment is less than four years. This system has a high 
value of practice and a great deal of market prospect. 

1. INTRODUCTION 

Geothermal energy has many advantages over other 
renewable forms of energy, such as a large heat flow 
density, ease of collection and transport, parameter stability 
(flux, temperature), and convenience of use. Geothermal 
energy is not only a mineral resource but also a valued 
water resource of the tourist villages, and has already 
become a focus for development and utilization. 

In China, utilization of mid-low temperature geothermal 
resources in local regions has had favorable effects, such as 
those in Beijing [1] and Tianjin [2]. These two cities make 
use of geothermal water for heating in winter, which 
reduces the use of fossil fuels and helps to ameliorate the 
atmosphere and environment. However, China has lagged 
behind some other developed countries in the level of 
utilization of geothermal resources. In addition to using 
high temperature resources to generate electricity, most 
direct uses of mid-low temperature geothermal resources 
are still in a state where simple and original methods of 
utilization are adopted. 

In recent years, a lot of tourist villages with geothermal 
resources have been built in Guangdong, because investors 
are interested in the sustainable development. To improve 
tourist villages, two-stage LiBr/H2O absorption chillers 
driven by hot water are used to supply cooling capacity to 
the buildings, which makes full use of the geothermal 

resource of more than 70°C[3][4]. Geothermal water at about 
60°C from the chiller outlet can be used in the drying of 
agricultural products, bathing, aquaculture and so on, which 
allows the realization of comprehensive utilization of the 
geothermal resource and simultaneously promotes 
development of tourism and agriculture in the local region. 

2. REFRIGERATING PRINCIPLE OF TWO-STAGE 
LIBR/H2O ABSORPTION CHILLER DRIVEN BY 
HOT WATER 

The cycle system of a two-stage LiBr/H2O absorption 
chiller consists of an evaporator, a low pressure absorber, a 
high pressure absorber, a low pressure generator, a high 
pressure generator, a condenser, a low pressure liquid heat 
exchanger, a high pressure liquid heat exchanger, and a 
liquid circulation pump and refrigerant pump, as shown in 
Figure 1. 

The refrigeration process can be divided into three parts: 1) 
refrigerant circulation; 2) low pressure liquid circulation; 
and 3) high pressure liquid circulation. Low pressure 
refrigerant steam from the evaporator (E) is absorbed by 
liquid in the low pressure absorber (Al), and refrigerant 
steam is generated in the low pressure generator (Gl) 
through low pressure level circulation, circulation. This 
steam is later absorbed by liquid in the high pressure 
absorber (Ah). Then, high pressure refrigerant steam is 
generated in the high pressure generator (Gh) through high 
pressure level circulation. Next, the steam enters the 
condenser (C) to output its heat, and the temperature and 
pressure decrease when it passes the throttle valve or U 
shaped tube. Finally, it enters the evaporator (E) to supply 
cooling load (air-conditioning) to the building.  

Compared to one-stage absorption chillers, two-stage 
LiBr/H2O absorption chillers use two extra pieces of 
equipment: a high pressure absorber and a low pressure 
generator, which makes use of lower temperature 
geothermal water more effectively. 

3. COP OF TWO-STAGE LIBR/H2O ABSORPTION 
CHILLER DRIVEN BY HOT WATER 

By definition, the cooling capacity of a two-stage LiBr/H2O 
absorption chiller is Qo, the heat capacity from geothermal 
water in the high pressure generator is Qhg, and the heat 

capacity from the low pressure generator is Qlg. Thus, the 
Coefficient of Performance (COP) of the chiller is defined 
by Equation 1:  
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Figure 1. Refrigeration principle of the two-stage LiBr/H2O absorption chiller 

As shown above, two-stage LiBr/H2O absorption chillers 
need twice the heat capacity of one-stage chillers in order to 
obtain the same cooling capacity, so COPs of two-Stage 
LiBr/H2O absorption chillers are around 0.4. 

4. APPLICATION OF GEOTHERMAL 
REFRIGERATING SYSTEM 

The first geothermal refrigerating system in China was 
completed by the Guangzhou Institute of Energy 
Conversion, CAS in 2002 and operated in the same year. 
This system lies in a tourist village in Wuhua, Meizhou, 
Guangdong, which uses geothermal water of 70°C as a heat 
source to obtain chilling water of 9°C, which is supplied to 
a coffee house and a lobby. 

4.1 Parts of geothermal refrigeration system 

The system mainly consists of two-stage LiBr/H2O 
absorption chiller driven by hot water, a deep well pump, a 
heat exchanger, a cooling tower, several water pumps, a 
control box, and an air conditioning terminal unit. As 
shown in Figure 2, geothermal water of 70°C is pumped 
from the well and enters the heat exchanger to supply the 
heat flux to the chiller. It is then routed through the 
refrigeration circulation, and chilling water of 9°C is 
pumped to a coffee house and a lobby. The capacity of this 
system is 100 kW, and the overall power consumption is 
less than 17 kW. 

4.2 Main parameters of the system 

The main parameters of the geothermal refrigerating system 
are shown in Table 1. The overall power consumption is 
less than the cooling capacity of the system. The chilling 
water can provide adequate cooling capacity for the coffee 
house and lobby. 

4.3 Data analysis of the system 

Hot water, cooling water and chilling water are three 
mediums between the absorption chiller and the 

surrounding environment, so the parameters of these three 
mediums directly influence the cooling capability of the 
system. The system is tested and analyzed in detail in order 
to determine the operating status of two-stage LiBr/H2O 
absorption chillers driven by low temperature geothermal 
water.  

Table 1. The main parameters of geothermal 
refrigerating system 

Parameter Value Parameter Value 

Cooling capacity 100kW Power 
consumption of 

chiller 

1.85 
kW 

Power 
consumption of 

geothermal water 
pump 

2.2 kW Power 
consumption of 
hot water pump 

2.2 
kW 

Power 
consumption of 
chilling water 

pump 

3 kW Power 
consumption of 
cooling water 

5.5 
kW 

Power 
consumption of 
cooling tower 

2.2 kW Overall power 
consumption of 

system 

16.95 
kW 

Chilling water 
temperature 

9-12°C Geothermal water 
inlet temperature 

70°C 

Geothermal water 
outlet temperature 

55-
60°C  

Cooling water 
temperature 

24-
32°C 

Geothermal water 
flux 

20 t/h Cooling water 
flux 

60 t/h 
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Figure 2. 100kW geothermal refrigerating system 

 

Figure 3. Running curve of geothermal refrigerating system 

As shown in Figure 3, the heat source temperature of the 
chiller mostly stayed at 63 − 65°C. This stability determines 
the stabilities of chilling water temperature and the 
performance of the chiller. Although the geothermal water 
temperature is slightly low, the COP of the chiller still 
remains at 0.38 − 0.42. 

4.4 Economic analysis of the system 

A comparison between geothermal refrigeration systems and 
traditional air conditioning systems is shown in Table 2. The 
power consumption of a geothermal refrigeration system is 
27.35kW less than that of a traditional air conditioning 
system, and the use of the system saves 55,100 Yuan (RMB) 
in annual operating costs. Compared to traditional systems, 
the investment cost is greater by 210,000 Yuan, and the 
payback period of this system is about 4 years. 

5. CONCLUSION 

While geothermal resources are very abundant in China, 
their distribution is not well-proportioned. Most geothermal 
resources are distributed in remote areas, such as villages 
and towns, so they have not been utilized very much. The 
importance of the exploitation of the geothermal energy 
resource to the development of the local economy and to the 
acceleration of tourist village growth must be realized. 

The technology of two-stage LiBr/H2O absorption chillers 
driven by hot water, which use mid-low temperature 
geothermal resources of 70 − 90°C, has already become a 
very important part of comprehensive geothermal utilization. 
With the construction more tourist villages surrounding 
geothermal resources, this technology will be applied widely. 
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Table 2 Economic analysis of geothermal refrigerating 
system 

Item Unit 
Former 
system 

Geothermal 
refrigerating 

system 

Cooling 
capacity 

kW 100 100 

Power 
consumption 

kW 44.3 16.95 

Investment 
cost 

Yuan(RMB) 160,000 370,000 

Annual 
running cost 

Yuan(RMB) 89,300 34,200 

Annual 
saving 

Yuan(RMB)  55,100 

Payback 
period 

Year  3.8 

 

REFERENCES  

Liu Y Z, Xie G Y, Develop Geothermal Trade with Capital 
Characteristic of China in Beijing, BEIJING 
GEOLOGY 1995, (2):1-5 

Ma W B, Xia W H, Industrial Application of A Two-Stage 
LiBr/H2O Absorption Chiller, REFRIGERATION 
1998, (4):37-40. 

Wang Z W, The Development Countermeasure of Tianjin 
Heat Resources, TERRITORY &NATURAL 
RESOURCES STUDY 2000, (3):50-51. 

Xia W H, Ma W B, A Novel Low Temperature Hot Water 
Driven Chiller, REFRIGERATION 1996, (2):1-6. 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


