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ABSTRACT 
 
 

Single stage absorption chillers (water/lithium bromide) can operate using low grade heat, 

thus single stage absorption chillers can operate using low temperature geothermal 

resources. An EES computer model was written for a single stage absorption chiller based 

on overall heat transfer coefficients, mass flows, salt balances, energy balances and other 

assumptions. The single stage model was calibrated with well known and available data 

from US and Japanese manufacturers. The system was considered to work in hot and 

humid climates like those in Abu Dhabi and Shanghai. The results show that when cooling 

water is 28 °C hot the initial and annual total cost is high. However, as cooling water 

temperature decreases, the initial and annual total cost decreases sharply (when cooling 

water is at 20°C the reduction is around 35% of the total annual cost). The results show a 

great influence of cold and hot water on the performance and total annual cost of 

absorption chillers.  

The second part of the computer model contains a Total Equivalent Warming Impact 

(TEWI) analysis. TEWI considers both the direct refrigerant effects and the primary 

energy impact on equivalent carbon dioxide (CO2) emissions. Competing technologies are 

vapourïcompression and gas cycles. The results show some recommendations for 

absorption system diversification to reduce the Total Equivalent Warming Impact. The 

results also show that absorption hot water chillers have the lowest contribution to Global 

Warming (TEWI).   
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PREFACE 

 
 

Geothermal is a renewable source of energy which holds abundant energy. Single stage 

absorption chillers (water/lithium bromide) can operate using low grade heat, thus single 

stage absorption chillers can operate using low temperature geothermal resources. The 

results show the great influence of cold and hot water on the performance and total annual 

cost of absorption chillers. The results show some recommendations for absorption system 

diversification to reduce the Total Equivalent Warming Impact. The results also show that 

absorption hot water chillers have the lowest contribution to Global Warming (TEWI). 

Many people have contributed in order for me to carry out this work to whom I wish to 

express my gratitude. First of all, I would like to thank my supervisor Mr. Þrándur Sigurjón 

Ólafsson for his support, guidance and invaluable advices. I also want to thank Dr. Marian 

Siudek from AGH University of Science and Technology. Thanks to him I had the 

opportunity to participate in RES.  

I also want to thank Davíð Stefánsson and my flatmate Michal Monit for long inspiring 

discussions (not only about thesis) and many useful ideas concerning thesis.  

Special thanks go to Dr. Björn Gunnarsson, Mr. Arnbjörn Olafsson, Ms. Sigrún Lóa 

Kristjánsdóttir, Dr. Hrefna Kristmannsdottir, Dr. Axel Bjornsson and Mr. Gudjon 

Steindorsson.  

Regards are also given to my friends Przemek, Daq, Jasiu, Erin, Magda, Sido and Mateusz 

for their support and friendship.  

Finally I would like to thank Ania and my family, to whom this thesis is dedicated for their 

patience, understanding and love.  

 
ñéIf you can wait and not be tired by waiting, 

Or being lied about, don't deal in lies, 

Or being hated, don't give way to hating, 

And yet don't look too good, nor talk too wise: 

 

If you can dream - and not make dreams your master; 

If you can think - and not make thoughts your aim; 

If you can meet with Triumph and Disaster 

And treat those two impostors just the same;éò 

 

ñIféò by Rudyard Kipling, it is only part of the whole poem, however even this small part 

has the potential to be my inspiration and driving force, thus I would like to thank the 

person who showed me that poem.  

 
Everything should be as simple as it is, 

but not simpler. 

ðAlbert Einstein (1879-1955). 

 

A mathematical theory is not to be considered complete 

until you have made it so clear that you can explain it 

to the first man whom you meet on the street. 

ðDavid Hilbert (1862-1943) 
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1 INTRODUCTION 

The purpose of this preliminary project is to examine a current single effect absorption 

chiller unit and determine the circumstances under which the absorption technology is 

most applicable and most environmentally friendly (beneficial to the local and global 

environment). 

The first phase of the project involves designing a single effect absorption chiller unit. The 

performance characteristics of the single effect cycle are examined by changing 

(optimizing) the low enthalpy hot water flow, the cooling water flow, temperature and 

some flow agreements of the cooling and heat sources. Low temperature water which 

drives the heat comes from a geothermal production well.  

The second phase of the project involves computing a total equivalent warming impact 

(TEWI). To emphasize great influence on TEWI, the absorption technology is compared to 

the classical cooling technologies, such as vapour compression cycle, which are widely 

available.  

1.1 Why Absorption Technology 

Space cooling may be accomplished from geothermal energy by an absorption cycle. The 

cooling effect is achieved through the use of two working fluids under two pressure levels, 

and some certain quantity of heat input, instead of electrical input as in the widespread and 

more familiar vapour compression cycle. Each of these technologies accomplish the 

removal of heat through the evaporation of a refrigerant (working fluid) at low pressure 

and the rejection of gained heat through the condensation of the refrigerant at a higher 

pressure. The major difference between the absorption and vapour compression cycle is the 

way in which pressure levels are created. The vapour compression cycle employs a 

mechanical compressor (electricity is the driving force) to create the pressure differences 

necessary to circulate the refrigerant. In the absorption system, a secondary fluid or 

absorbent is used to circulate the refrigerant. In the ABS machines the mechanical 

compressor is replaced by a thermal compressor (absorber, solution heat exchanger, and 

generator).  

The standard vapour compression cycle contains a condenser, evaporator, throttling 

(expansion) valve, and a compressor. Figure 1, shows components and flow directions in 

the standard vapour compression cycle.  



2 

 

Figure.  1  Vapour - Compression Cooling (Refrigeration) Cycle. 

 

An absorption cooling (refrigeration) cycle contains a generator, an absorber, a solution 

heat exchanger, an expansion valve and a pump instead of a mechanical compressor.  

The generator might be a shell and tube heat exchanger, which sprays (3) a weak LiBr ï 

H2O solution above the heating tubes. The main aim of this procedure is to boil off 

secondary fluid (working fluid - water). The weak LiBr ï H2O solution surrounds a bundle 

of tubes which carry either steam or hot water (geothermal brine in this case). Hot water is 

required to boil off the weak LiBr ï H2O solution. The solution boils, sending the 

refrigerant vapour upward into the condenser (7) and leaving behind a concentrated lithium 

bromide solution (4). The concentrated LiBr ï H2O strong solution moves down to the 

solution heat exchanger (4), where it is cooled by the weak solution (2 ï 3). The refrigerant 

vapour reaches the condenser (7); the vapour migrates through mist eliminators to the 

condenser tube bundle. The refrigerant vapour condenses on the tubes. The heat is 

removed by cooling water (15 ï 16) which moves through the inside of the tubes. As the 

refrigerant condenses, it collects at the bottom of the condenser (8). The refrigerant liquid 

moves down to the evaporator by passing through (8) the refrigerant expansion valve (9). 

The expansion valve is the boundary between the high pressure level (condenser side) and 

low pressure level (evaporator side). At point 9 the water stream is split into streams 9a 

(water) and stream 9b (steam). Stream 9 is almost sub ï cooled water, however it has great 

influence on the COP of the chiller unit, due to smaller mass flow to the evaporator. In the 

evaporator (9a) refrigerant is sprayed over the evaporator tube bundle. Due to the extreme 

vacuum of the evaporator (e.g. Plow = 0,9 kPa, absolute pressure), the refrigerant liquid 

boils at  low temperatures depending on pressure (5,4 °C in the case of 0,9 kPaabs), creating 

the refrigerant effect. As the refrigerant vapour migrates to the absorber from the 

evaporator (10), the strong lithium bromide solution from the solution heat exchanger (6) is 

sprayed over the top of the absorber tube bundle. The strong LiBr ï H2O solution plus 
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refrigerant vapour, creates the extreme vacuum in the absorber (low pressure side). During 

the mixing some quantity of heat is generated, heat is removed by the cooling water. In 

most cases the cooling water comes from a cooling tower. Now diluted ï weak LiBr ï H2O 

solution flows down to the solution pump (1). The cycle is now completed and the whole 

process begins once again. The figure below shows components and flow directions in the 

lithium bromide absorption cycle.  

 

Figure  2 Scheme of the single - stage absorption chiller. 

 

The ability of the absorption unit to work depends on the type of working fluid which is 

used. The desirable properties of ideal working fluids are high affinity between the 

absorbent and the refrigerant (LiBr and H2O), and a low heat of mixing (in the absorber). 

Lithium bromide has an advantage as an absorbent because it is essentially non ï volatile, 

resulting in the cycle design that avoids the need for a rectifier. Water has an advantage as 

an absorbent because it does not crystallize.  

In an absorption cycle, water vapour from the evaporator (10) is absorbed by the LiBr ï 

H2O solution in the absorber. Due to that mixing it is possible to pump weak LiBr ï H2O 

liquid solution instead of vapour (which enters the absorber from the evaporator). The 

pumping of a liquid solution is much less energy ï consuming than the compression of 

vapour. Absorption technology uses the heat (generator, 11 ï 12) as a driving force instead 

of electrical power. The strong LiBr ï H2O solution under high pressure is sent to the 

generator (desorber, 3) to boil off the water vapour that was absorbed by the strong LiBr ï 

H2O solution in the absorber. The figure below shows the simplified scheme of a single ï 

effect absorption chiller.  
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Figure  3  Cooling (Chilling) Cycle Schematic(SANYO Electrical Air Conditioning CO., 

Ltd,). 

 

The chiller unit is divided into two regions based on pressure level. The high pressure 

region contains the generator, condenser, and solution heat exchanger. The low pressure 

area contains an evaporator and absorber. The refrigeration expansion valve, pump and 

solution expansion valve are boundaries in the chiller unit. The solution heat exchanger has 

a significant role in the reduction of the quantity of heat input at the generator.  

A refrigeration heat exchanger can be used as well, but due to small increases in COP and 

high increases of initial cost (cost of heat exchanger) this solution is not widely introduced. 
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Figure  4  ABS modification ï RHE. 

Absorption units are widely available for commercial purposes in two basic configurations. 

For applications above 0 °C, the cycle uses lithium bromide as the absorbent and water as 

the refrigerant (mostly air conditioning applications). For applications below 0 °C (water ï 

ammonia cycle) ammonia is the refrigerant and water is the absorbent.  

The figure below describes the main difference in COP values between single and double 

stage LiBr absorption chillers.  

 

 

Figure  5  LiBr-H2O single and double effect cycle performance(Mary H. Dickson 2005).  

1.2 History and Status of Absorption Technology 

Absorption technology with water/lithium bromide solution has been widely used since the 

1950s when the technology was developed by several manufacturers in the United States. 

Absorption machines based on a water/lithium bromide solution are typically configured as 

water chillers for air-conditioning systems in large buildings. Absorption units are 
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available in sizes ranging from 10 (35, 2 kW) to 1500 ton (5, 28 MW). In this case, 1 ton is 

a unit of refrigeration capacity and is equal to 12 000 BTU/hr = 3,517 kW.  

Before the 1970s fossil fuels were cheap and widely available, thus electricity was also 

inexpensive and energy consumption was not a concern when operating a chiller. During 

this period an equal number of absorption and electric centrifugal chillers were sold 

(Plazak, 1996).  

In the 1970s, a steady increase in energy costs caused the absorption chiller industry to 

examine the efficiency of their units. The double and triple effect units were developed to 

increase the COP, and therefore their share in the market increased. The oil embargo 

increased the price of fossil fuels more dramatically than electric energy prices and thus 

overnight killed the domestic absorption market. The absorption market has recovered to 

its pre 1973 levels (Plazak, 1996). However, the increase of fossil fuel prices is positive 

from a geothermal energy standpoint because then geothermal energy becomes 

competitive.  

 

Figure  6  Production of ABS units 1988 ï 1996 (ABS guideline, New Building Institute, 

1998) 

 

The 1980s saw decreasing prices of natural gas and a steady increase in electrical rates. 

This resulted in the growth of the newly developed single and multi stage direct-fired 

absorption units in the middle to late 1980s. A direct-fired unit is one in which natural gas 

is combusted in the generator instead of using the gas to create steam or hot water. The 

growth was also a result of the gas and electric utility initiatives, which supported 

programs for gas cooling in the summer to keep the supply of natural gas constant 

throughout the whole year. The phase out of CFC based refrigerants used in electric 

centrifugal chillers also helped boost the direct-fired market (Plazak, 1996).   

The Montreal Protocol on Substances that Deplete the Ozone Layer classifies Freon ï 11 

and Freon ï 12 as Annex A substances and bans their production and consumption as of 

1996. Although CFCôs use is now forbidden, modern compression chillers contribute to 

Global Warming much more than absorption chillers powered by geothermal brine. 

Geothermal energy is an environmentally friendly and sustainable energy source.  
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Absorption technology is currently experiencing a resurgence of interest from end users, 

who need an independent and clean technology. The current single effect market is 

relatively small but stable and is used in applications where low grade heat is available. 

The current market for single stage absorption chillers is around half of the total absorption 

chillers market. The current size of the absorption market is the result of a decline which 

was driven by political decisions in the early 1970s (as was mentioned before) to limit 

usage of natural gas due to expected supply shortfalls, which never happened, but the 

absorption industry was damaged extensively. The three manufacturers of absorption 

equipment saw their business dry up and production of absorption machines was reduced 

to less than 10% of its earlier production levels. Companies were forced to reassign staff 

and relocate resources. In the meantime, the Japanese absorption industry was developing 

extremely well due to local domestic demand and product innovation (Keith E. Herold, 

1995). 

1.3 Applications  

Ideal candidates for absorption applications are those where the (electric) peak demand 

charge is high. Since cooling is generally the primary cause of sharp spikes (peaks) in an 

industry and buildingôs electric load profile, it seems to be beneficial to investigate 

alternatives that may reduce this peak. Absorption cooling units powered by geothermal 

heat may reduce or flatten the electric peaks in a buildingôs electric load characteristic. The 

absorption cooling application should be used to reduce the electric load into the building.  

A hybrid system seems to be an extremely beneficial solution. Hybrid means that most of 

the cooling demand is covered by an absorption unit, and only some small (sharp) part of 

cooling demand is covered by an electric centrifugal chiller. This type of application may 

greatly reduce the total electric load into the cooling facilities. The profitability of such 

applications strongly depends on the local electricity, heat (geothermal water), and cooling 

(condenser) water prices. In summary, good applications for absorption chillers have the 

following characteristics: 

- High energy demand, 

- Simultaneous need for air conditioning and heating (heating and/or tap water), 

- High energy flow into the building, 

From an environmental and economical standpoint the beneficial applications for 

absorption units are when prices of electricity are relatively high, electrical energy load is 

high and a geothermal (or other renewable) heat source is available. The most suitable 

places for absorption chillers are:  

- District cooling and heating networks, 

- Schools, hospitals and other public utilities,  

- High residential buildings, hotels 

Currently there seems to be a need to develop absorption machines which will be able to 

work with hot water temperatures in the range of 65 °C ï 90 °C (low grade heat sources), 

therefore the most suitable absorption machines are single and half stage units. 
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1.4 Standard and Ratings 

Currently, (2008) there is no state/federal standard or norm that regulates absorption 

cooling systems. Therefore, there are several metrics, which are used to define absorption 

chiller efficiency, like:  

- COP 

- IPLV 

- APLV 

Coefficient of Performance ï COP 

COP is widely used in many types of comparisons, which sometimes might give distorted 

facts, data or point of view. Therefore it is beneficial to distinguish site COP and resource 

COP. 

  

Chiller 

Type 
Site COP 

Source ï to ï Site 

factor 
Resource COPR 

Electric 2,00 ï 6,10 0,27 0,54 ï 1,65 

Absorption 0,65 ï 1,20 0,91 0,59 ï 1,10 

Table 1  Effectiveness of Chiller Units (ABS guideline, New Building Institute, 1998). 

E
ABS

G work

Q
COP

Q P
  (1.4.1)

 

E
EL

comp

Q
COP

P
 (1.4.2)

 

COPR is equal to the COP of chiller type, multiplied by (SourceïtoïSite factor) the 

efficiency of the conversion of primary energy to the secondary energy form (e.g. coal to 

electricity). Due to greater ñSourceïtoïSite factor valueò in the case of the absorption 

chiller, there is no significant difference in COPRôs of electric and absorption chiller units. 

In fact absorption cooling machines do not have high COP values, nevertheless these 

machines have relatively high Resource COP. 

An important number in the case of absorption machines is the coefficient of performance 

(COP). COP of these units is defined as refrigeration (cooling, chilling) capacity divided 

by the driving heat input and power required for running the solution pump. The typical 

range of COP in absorption machines is between 0,7 (single effect) < COP < 1,2 (double 

stage). 

Integrated Part Load Value ï IPLV  

Integrated Part Load Value (IPLV) is another measurement of chiller efficiency. IPLC is 

an industry standard for calculation of an annual COP based on a typical load profile and 

the part load characteristics of chillers. It was originally conceived as a part of 

ANSI/ASHRAE Standard 90.1 (Standard for Energy Efficient Design of New Non 

residential and High ï Rise Residential Buildings) (ABS guideline, New Building Institute, 

1998) in response to a need for directly comparing manufacturersô part load data. The 
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method assumes that the chiller operates at a specific part load for a specific number of 

hours during the year. According to the following equation:  

1

0,17 0,39 0,33 0,11
IPLV

A B C D

  (1.4.3) 

The figure below provides the proper assumptions and appropriate values for the equation 

(1.4.3)  

 

Chiller Load 

(Load factor) 

[%] 

Chiller Water Return 

Temperature [°C] 

Symbol from 

the equation 

Part Load Hours 

[%] 

100 29,44 (85,00 °F) A 17 

75 26,03 (78,85 °F) B 39 

50 22,50 (72,50 °F) C 33 

25 19,03 (66,25 °F) D 11 

Table  2  IPLV Calculation Assumptions (ABS guideline, New Building Institute, 1998). 

 

COP ratings A, B, C and D at each part load condition are obtained from the chiller 

manufacturer and should be delivered from the actual chiller tests and surveys. Note that 

the calculation allows for a 1, 36 °C ï 1, 41 °C (2, 5 °F) drop in the entering cooling water 

temperature every 10% reduction in the cooling load. A lower entering cooling water 

temperature corresponds to part load cooling demand that results from a drop in ambient 

temperature. 

Although IPLV is a useful way to compare different manufacturersô chiller machines, it 

probably does not represent whole and variable operating conditions. Thus for applications 

where cooling load is not significantly affected by ambient temperature conditions this 

estimation should provide reliable results. Chiller performance should be modelled to 

actual building load profiles tailored to siteïspecific ambient conditions. 

Load factor  

Load factor is the ratio of the average load over a designated period of time to the peak 

load occurring during that period. Ambient temperature and air humidity have great 

influence on load factor. 

The load factor value increases with increasing ambient temperature values. Therefore as 

the load factor becomes greater, the more economically feasible is the absorption 

technology application. 

Applied Part Load Value ï APLV  

The Applied Part Load Value, APLV is calculated using the same IPLV formula, except 

that actual chilled and condenser water temperatures and flow rates are used. The 

advantage of using the APLV over the IPLV is that this rating gives more accurate 

approximation of actual operating conditions. The disadvantage is the additional 

performance data that needs to be collected. 
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1.5 Manufacturers 

Cention 

Cention Corporation is a manufacturer of absorption chillers located in Korea with US 

representation. For over a quarter of a century since its foundation, Cention has been a 

market leader of the air conditioning equipment industry in Korea by introducing high 

technology and consistent research & development. 

The Cention absorption chiller/heater is driven by LNG, LPG or natural gas, so it gives off 

no sulfur dioxide or smoke, and very little NOx. The unit can function as both a cooler and 

a heater, so it takes up less installation area than other separate chilling and heating units. 

Moreover, the Cention absorption chiller/heater uses about 7% less energy compared to 

conventional machines, as it uses parallel flow technology, is compact in size, and has a 

high temperature generator located at the bottom of the unit. The Cention absorption 

chiller/heater can be adapted to geothermal hot water or steam. However, Cention 

absorption chiller/heater machines are beyond the scope of this study due to their high 

temperature generator.  

Sanyo 

Sanyo is one of the leading brands in the absorption cooling technology. The main focus of 

the company in business is based on the theme of ñClean Energyò. As an example of 

contributing to the protection of the global environment, SANYO's full line-up of 

absorption chillers is suited to a wide range of space applications and also creates clean 

and comfortable living environments. SANYO has successfully developed absorption 

chillers with capacities of up to 6 600 U.S RT (Refrigeration ton) while at the same time 

minimizing growth in weight and volume of the unit, thus realizing improvements in 

energy savings and space efficiency. 

 

Figure 7 SANYO, singleïstage hot water chiller unit (SANYO Electrical Air Conditioning 

CO., Ltd.) 
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Yazaki 

A Yazaki absorption chiller/heater, using water as the refrigerant, is todayôs best choice in 

air conditioning for protecting the environment and reducing the cost of energy. Double-

effect cycles and advanced technology ensure high performance and long term reliability. 

With over 100 000 units operating worldwide, Yazaki is a leading supplier of non-CFC 

based space cooling. Capacities of 30 through 100 tons are available to either cool or heat 

installations such as schools, offices, hospitals, industrial facilities, and hotels. 

Chillers manufactured by Yakazi are available for purchase globally, but they will only 

warranty the product in Japan (Rober A. Zogg, 2005). Yakazi ships 2 to 3 units per month 

within Japan. They have received inquiries from many other countries, especially Europe. 

They use a new LiBr working solution, which may be their patented LiBr/LiCl/LiNO3 

solution.  

York  

Formerly known as Hitachi, the line is now manufactured in the United States by York 

International in Huston, Texas. This is the only large tonnage manufacturing plant in the 

US since 1992. Units up to 600 tons are completely preïpackaged and shipped ready to 

work. Large units require some onïsite assembly. Single stage absorber units are the older 

design but are smaller and cheaper than two stages. If the heat source is relatively 

inexpensive and available the single stage makes sense. Single stage units that are used in 

coïgeneration and waste heat applications, also might be applicable in geothermal 

solutions. The size range is 120 ï 1 377 tons. York units can cool down chilled water to 7, 

22 °C. 
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2 GEOTHERMAL ENERGY AS A DRIVING FORCE 

2.1 Introduction, World Energy Consumption 

With the increase in world population, industrialization and improvement in the standard 

of living, there has been a continuous increase in the consumption of energy. Thus the 

main aim became to find a costïeffective form of energy that neither affects global 

warming nor threatens national energy security, therefore geothermal energy has become a 

significant player.   

In recent years, the increase in energy consumption has been at least as intensive as the 

population explosion. The figure below shows an estimate of the worldôs energy 

consumption, growth of population and energy production over past years. 

 

Figure  8 World population and energy consumption (H. Gupta, S. Roy, 2007). 
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There was a tremendous 50% jump in world energy consumption between the years 1980 ï 

2003, mostly due to around a 40% increase in world population, as well as due to 

worldwide improvements to the standard of living in both developing and developed 

countries. According to papers published by the United States Census Bureau the world 

population is currently around 6 500 000 000 and it is expected to reach around 

10 000 000 000 in 2055(H. Gupta, S. Roy, 2007). A ton of coal equivalent (TCE), is equal 

to 29, 3076 GJ. 

2.2 Geothermal Energy ï an Alternative  

Geothermal energy, unlike fossil fuels, is considered to be a relatively clean and renewable 

energy source. It is a relatively diffuse resource ï the amount of heat which flows through 

the earthôs surface equals 10
21

 joules/year. For a comparison, amount of heat which 

reaches the earth from the sun is equal to 5,4 10
24

 joules/year. 

The use of the Earthôs heat as an energy source began in the twentieth century when 

electricity was generated for the first time from geothermal steam at Larderello, Italy in 

1904. The technology spread rather slowly around the world during the first half of 

twentieth century. At the beginning of the second half of twentieth century, interest was 

developing in other parts of the world, especially in New Zealand, the United States of 

America, Japan and Iceland, where geothermal power plants were built in 1958, 1960, 

1961 and 1969. Electricity production is not the only application for geothermal energy. 

Hot geothermal water began to be used for largeïscale district heating systems in Iceland 

in 1930. The development of geothermal energy resulted in a worldwide maximum growth 

rate of ~ 22, 5 % between 1980 and 1990, and ~ 16, 7 % in next decade. Many 

development efforts in utilizing geothermal heat sources have been made in recent years 

(H. Gupta, S. Roy, 2007). 

Geothermal resources vary widely from one location to another, depending on the 

temperature and depth of the reservoir, the type of rock and the chemistry and abundance 

of ground water. Geothermal resources are usually classified into three categories: 

 high enthalpy resources (liquid and vapour reservoirs at temp. above 180 ï 200 °C), 

 medium enthalpy resources (at temperatures around 100 ï 180 °C), 

 low enthalpy resources (at temperatures below 100 °C), 

 The term enthalpy is used due to the nature of water, because temperature alone does not 

describe sufficiently the useful energy content of water and/or a steam.  

The wide spectrum of geothermal energy applications is given on the Lindal diagram 

(Figure 9) below.  
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Figure  9   Modified Lindal diagram (R. DiPippo, 2008). 

 

From here on thesis will  focus on a lowïenthalpy application where hot geothermal brine 

can be utilized as a driving force in absorption (water/lithium bromide) machines to 

produce a cooling effect by using a low grade heat source. Moreover, absorption machines 

do not utilize the whole enthalpy carried by hot water, thus water can be used in district 

heating systems.  

2.3 Types of Geothermal Systems 

A geothermal heat source could be simply defined as a reservoir beneath the surface of the 

Earth. Energy extracted from such a geothermal reservoir can have a competitive price 

compared with other forms of energy, and could also be useful for electricity generation or 

other applications. A geothermal reservoir can contain heat in solid rock as well as in the 

brine that fills the fractures and pore spaces within the rock. The estimation of a 

geothermal reservoir is made on the basis of geological and geophysical data such as:  

- Depth, thickness and extent of geothermal aquifers 

- Properties of rock formations 

- Salinity and geochemistry of geothermal brine 

- Temperature, porosity and permeability of rock formation (Rummel and 

Kappelmeyer, 1993) 

Natural aquifers are often porous rocks that can store brine. Porosity refers to the cavities 

present in the rock, whereas the ability to transmit water is known as permeability. A 
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geothermal aquifer must be able to sustain a flow of geothermal fluid, so even highly 

porous rock will only be suitable as a geothermal aquifer if the pores are interconnected.  

A geothermal resource is distinct from a geothermal reserve, which refers to the part of a 

resource that can be extracted economically at present price level. Reserves are confirmed 

on the basis of detailed reservoir datasets obtained by deep drilling into potential resource 

areas. Therefore, the main factors in estimating reserves are the costs of drilling and the 

quality of available data on subsurface rock formations (Harsh Gupta, 2007). 

Radioactive decay of long-lived isotopes, particularly those of potassium, uranium and 

thorium, continuously generates heat within the Earth. The amount of radioactive elements 

present in the rocks releases enough heat to account for a major portion (typically, 60% for 

continental crust) of the total heat flow observed on the Earthôs surface. 

Heat is lost from the Earthôs surface at an average rate of ~ 80mW/m
2
. In most areas, this 

heat reaches the Earthôs surface in a diffuse state, making it uneconomical to exploit this 

vast heat resource. It is believed that heat transfer below the lithosphere is mostly by 

convection and in the lithosphere by conduction. Rocks are relatively poor conductors of 

heat (Harsh Gupta, 2007). 

In some specified geological circumstances heat may be locally transferred within a few 

kilometres of the Earthôs surface through the process of convection by magma or molten 

rocks. The magma has temperatures in the neighbourhood of 1000 °C and interacts with 

the near-surface rocks, causing surface manifestations of geothermal activity such as the 

hot springs, geysers and fumaroles. Under certain suitable geological conditions, the heat 

becomes trapped, forming heat reservoirs. In such areas, after drilling a few hundred 

meters, temperatures of the order of 200 ï 300 °C are found and the regions could be 

suitable for harnessing the geothermal energy. The major producing geothermal fields of 

the world exploit such situations. 

Geothermal systems can be divided according to the following types:  

- vapour dominated, 

- hot water, 

- geopressured, 

- hot dry rock (HDR), 

- magma, 

Due to the scope of this project only hot water geothermal system will be briefly described. 

2.3.1 Hot Water Geothermal Systems 

In hot water geothermal fields, water ï convection currents carry the heat from the deep 

source to the shallow reservoir. The bottom of the convective cell may be heated through 

conduction from hot rocks. The geology of hot geothermal fields is quite similar to that of 

an ordinary ground water system. Typically hot water geothermal reservoirs vary from 60 

ï 100 °C and they occur at depths ranging from 1500 ï 3000 m.  

Within the reservoir, convection currents of hot water are set up providing a good heat 

exchange, and the temperature difference between the top and bottom of the reservoir is 

not very significant. A variety of rocks have been found to constitute good reservoirs. At 

Wairakei (New Zealand), it is pumiceous and breccia and tuff, and at Cerro Prieto 

(Mexico), it is deltaic sands. A good reservoir could also be formed at geological 

unconformities and formation boundaries. 
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An impermeable cap rock or a cap rock with low permeability, overlying the reservoir is 

necessary to prevent the escape of the hot reservoir fluids through convection. The heat 

loss through conduction is not prevented by the cap rock. However, the amount of heat 

conducted is significantly smaller than the amount of heat which could be lost by 

convection heat and mass transfer.  

Depending upon the temperature, chemistry and structure of the reservoir, hot water 

systems have been divided into several subtypes, which are briefly described below.  

- System characterized by low (50 °C) to medium temperatures (150 °C) and 

producing water with a chemical composition to the regional surface and shallow 

ground waters,  

- Systems characterized by the presence of partly nonïmeteoric water. Such systems 

usually occur in deep sedimentary basins,  

- Systems characterized by the presence of brine of very high salinity. The chemistry 

can vary considerably from one field to another, 

- Systems characterized by the presence of natural cap rocks. Geothermal fields at 

Cerro Prieto and Salton Sea (California) have cap rocks constituted by fineï

grained, lowïpermeability sediments, 

- Systems characterized by the creation of their own selfïsealing cap rocks. These 

cap rocks are formed through the chemical alteration and deposition of sediments 

near the surface where the temperature decreases suddenly. Wairakei and 

Yellowstone Park are typical examples (H. Gupta, S. Roy, 2007), 

Figure 10 is the schematic representation of a hotïwater field and the reference curve 

represents the variation of the boiling point of the pure water with depth.  

 

 

Figure  10  Temperature variations in hot ï water geothermal system (H. Gupta, S. Roy, 

2007). 
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2.4 Direct Use of Geothermal Energy  

In the direct use sector, the potential of geothermal energy is very large for space cooling 

and heating, and water heating. In developed countries, around 35% of total primary 

energy consumption is used in buildings. The European Unionôs commitment to reduce 

green house gas emissions by 20% by the year 2020 opens a huge potential for geothermal 

applications. However, the largest potential happens to be in China. Owing to geological 

conditions, there are widespread lowïtemperature geothermal resources in many provinces 

of China. Geothermal resources are already widely used in China for space heating and 

cooling.  

 

Country China Sweden US Turkey Iceland Japan World 

Total 

Direct Use 

(2005) 

12 604,6 10 000,8 8 678,2 6 900,5 6 806,1 2 861,6 75 924,9 

Unit GWh Thermal 

Table 3 Direct use of geothermal energy (China Renewable Energy and Sustainable 

Development Report, 2008) 

In early January 2008 the 3
rd

 Geothermal Heat Pump Technology Utilization Conference 

was held in Beijing. At the conference it was learned that through September 2007 the 

Beijing area already had constructed 497 water source geothermal heat pump projects, 

which cumulatively have an installed coverage area of 10,52 million square meters of 

heating capacity, moreover these projects are growing at a pace of 150%/year (China 

Renewable Energy and Sustainable Development Report, 2008).  

2.5 Electricity Production 

Following the necessary exploratory works, production wells are drilled into a geothermal 

reservoir. Typically, in a large scale commercial operation, a production well could be as 

deep as 3,000 m or more. The production well enables the highly pressurised hot water to 

rise up from the reservoir under its own force (in many cases water has to be pumped to the 

surface). Depending on the type of power station, steam and/or hot water is then piped 

from the production well directly to the power station. The temperature and conditions of 

the geothermal reservoir determine which type of electricity generation technology is used. 

There are three common types of geothermal electricity generation technology: 

Dry steam power plants are fed directly from geothermal steam reservoirs with 

temperatures of more than 220 °C. In this system, steam that has risen to the surface is 

piped straight to the power plant where it is then directed into a turbine, spinning the 

generator and therefore producing electricity. 

Flash steam power plants use a geothermal reservoir with water of temperatures greater 

than 180 °C. This very hot water flows up through wells in the ground under its own 

pressure. As the water flows upward the pressure decreases and some of the hot water 

flashes (i.e. boils) to steam. The flashed steam is then separated from the remaining water 

and fed directly into a turbine that is connected via a shaft to the generator to generate 
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electricity. It is also possible to flash the remaining hot water to produce low pressure 

steam (dual flash) which may also be used in electricity production or process heating. 

Binary cycle power plants can operate on water and/or steam over a wide range of 

temperatures (typically 110 to 180 °C) and geothermal reservoir conditions. In some binary 

cycle stations hot water delivered via its production well(s) is first flashed into steam to 

rotate a primary turbine/generator unit. Following this initial generation process, the heat 

from the separated hot water and/or low pressure steam is used to boil a secondary fluid, 

which is usually a hydrocarbon fluid (e.g. liquid pentane) with a lower boiling point. The 

secondary fluid is vaporised in a heat exchanger and the vapour is used to turn a secondary 

(binary) turbine to generate electricity. The vapour is then condensed and pumped back to 

the heat exchanger in a closed cycle. 

Typically, the cooled geothermal water that is not evaporated through the cooling towers 

from each power station type is either re-injected back into the geothermal reservoir from 

which it was extracted, or discharged to nearby surface water (and in some cases onto land) 

after being treated. In some cases, prior to re-injection or discharge of the cooled water, 

there is the opportunity to re-use this water for direct use purposes.  

2.6 Possible Hurdles 

Exploitation of any type of energy brings different sets of problems. Water which has been 

in contact with rock for thousands or even millions of years contains dissolved minerals. 

Hot water tends to be more reactive and aggressive than cold water. Geothermal waters 

may often contain around one percent of dissolved solids. Usually these could be 

carbonates, sulphates, chlorides and/or dissolved silica, the amount of which becomes 

significant where waters have been in contact with rock at high temperatures (around 200 

°C and above). Thus one can often meet brines, which is the name for geothermal waters. 

Dissolved gases are common as well, especially at higher temperatures and liquid/vapour 

reservoirs or vapour dominated reservoirs. Currently available techniques can significantly 

lessen the negative impact of minerals carried by the brines; however this has to be taken 

into consideration during the design stage of the power plant, district heating system or any 

other application which uses the geothermal brine. With correct research and design, these 

contaminations can be handled and disposed of without operational or environmental 

difficulty. If such threats are ignored during the research and design stage, the entire 

(piping, heat exchangers) system can easily fail within a matter of months.  

There are at least a few objectives that a geothermal exploration program must accomplish 

in order to be successful: 

- Locate exactly the geothermal reservoir beneath the surface, 

- Define the chemical composition, origin and properties of the geothermal fluid, 

- Estimate the volume of the reservoir and its type, temperature, flow and pressure of the 

fluid, permeability of the formation, 

- Predict the nature of the geothermal fluid in the reservoir ï is it going to be a one-phase or 

two-phase mixture, 

- Forecast (estimate) the deliverability of the geothermal reservoir, 

If some of the above mentioned research was neglected or misapplied it could result in 

some serious consequences like: 
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- The geothermal reservoir can be depleted when more hot water or steam is withdrawn than 

can be naturally recharged (natural water inflow) or artificially reïinjected by a reinjection 

well. Thus it is important to predict and exploit the geothermal reservoir in sustainable 

way, because once it is fully depleted, it may take centuries to recharge such a reservoir,  

- Gas emissions can be unpleasant or even dangerous. Hydrogen sulphide in high 

concentration is dangerous, and carbon dioxide or other toxic emissions can occur during 

the exploitation of geothermal wells,  

- Geothermal brines often have a high content of dissolved solids, minerals or toxic 

substances, thus harmful the impact of brine and its minerals on the piping system, heat 

exchangers and cooling tower ought to be properly estimated during the research and 

design stage (H. Gupta, S. Roy, 2007),   

2.7 The Benefits of Geothermal Energy 

When properly developed and managed, geothermal energy systems are clean, abundant, 

and reliable sources of renewable energy. The use of geothermal energy sources for 

electricity generation of direct use eliminates the need for the exploitation and utilization 

of nonïrenewable and more harmful resources. Installed geothermal electricity generation 

capacity worldïwide is equivalent to the output of around ten nuclear power plants (57 

TWh/a of electricity (Bertani, 2005), and 76 TWh/a for direct use (Lund et al., 2005)). The 

utilization of geothermal energy does not require any type of nonïrenewable fuel; it is a 

selfïsufficient technology. Moreover geothermal energy is not dependent on climatic 

variations. Geothermal energy as a renewable energy source helps to reduce the reliance on 

imported crude oil or other fossil fuels. 

The use of geothermal energy conserves nonïrenewable fossil fuels and mitigates the 

carbon dioxide emissions, which would have been produced by a conventional power plant 

producing an equivalent amount of electricity. The utilization of geothermal resources is 

not land intensive; it is quite the contrary when compared to conventional power plants. 

Geothermal power plants and district systems are reliable, as they can operate 24h/day 

compared to wind, solar or tidal power plants (stations). Small sized geothermal power 

plants, heat pumps, absorption chillers, and district systems powered by geothermal energy 

can be installed in remote areas, thus providing electricity, heat and/or cold (thermal 

comfort).  
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3 ONGOING MARKETS 

3.1 Overview  

This chapter is partially based on the ñResidential HVAC Market Researchò published 

(July 14, 2004) by National Energy Management Institute.  

Recently tight and unstable oil and natural gas markets have generated extremely high (40 

ï50 $/barrel, Jan 2009 or 140 ï 150$/barrel Jul 2008) levels of crude oil and petroleum 

product prices. Continued increases in prices and decreasing resources of fossil fuels are 

expected, reflecting tightness in supplies for the next years. Electricity prices are rather less 

volatile than natural gas or crude oil prices; regardless, electricity prices are going to rise 

during the next years. Therefore, now is the proper time to develop and spread absorption 

cooling technology powered by geothermal heat, as a cost, energy efficient and 

environmentally friendly method for providing thermal comfort to peopleôs lives.  

The history of water/lithium bromide absorption chiller development suggests that 

developing such a product for lightïcommercial (highïresidential buildings) applications 

are technically and economically feasible (sometimes it requires specified conditions).  

The key risks lie in whether prominent and capable manufacturers will consider the market 

potential to be sufficient to justify development costs and whether product costs can be low 

enough to appeal to the market.  

3.2 Current Markets 

United States 

The United States is a unique and valuable example of developing HVAC market. In the 

US there are an estimated 120 million singleïfamily homes. Almost 20 million, or 17%, of 

these homes were added just in the past 10 years. As the housing stock grows, so does the 

number of installed HVAC units. As the number of HVAC units grows, so does the 

number of absorption chiller units.  

Demand in the US for heating, ventilation and air conditioning (HVAC) equipment is 

forecast to increase 3.2 percent per year to $16.8 billion in 2011. Advances will be 

primarily driven by strong gains in non residential construction, along with ongoing 

growth in the residential replacement market. Although gains will be restrained by 

projected declines in new single unit housing completions between 2006 and 2011, nearly 

three quarters of HVAC demand is attributable to replacements. Growth in the replacement 

sector will benefit from rising interest in more energy efficient building systems driven by 

rising energy prices, spurring the replacement of older HVAC equipment with newer 

models. Changing regulations regarding minimum efficiency requirements for many of 

these systems will also affect sales of HVAC equipment.   

In 2006, electric powered HVAC systems accounted for 82 percent of US sales value and 

natural gas-burning systems accounted for 16 percent of sales. Systems operating on 

geothermal energy will post the strongest gains, albeit from a very small base.  



21 

Unitary air conditioners will remain the largest segment in the cooling equipment industry, 

accounting for more than 70 percent of total demand in 2011. Absorptive liquid chilling 

systems are expected to post the strongest gains through 2011 as industrial and commercial 

construction rebounds over the forecast period (The Freedonia Group, 2007). 

China 

In 2000, the percentage of the population living in cities and towns was 36,1% in China, 

which means that about 457 million people lived in cities and towns. Shanghai ranked first, 

with more than 88% of its citizens living in the urban area. In 2000, the population of 

Shanghai had reached 16,7 million but the land area of Shanghai is only 6340,5 km
2
. 

Therefore, the population density in the downtown area is very high ï up to 53 326 

people/km
2
. The perïcapita gross living area was 15,5 m

2
 (in 2003), which was still at a 

low level if one considers global standards, thus it  was predicted that about 5,7 billion m
2
 

of residential buildings will need to be constructed by 2008. That means dramatically 

expansion of HVAC market.  

 

 

Figure 11 Rapid growth of room air conditioner production in |China (Based on: China 

Statistical Yearbook, 2003) 

 

China has been the fastest growing major nation for the past 25 years. Rapid growth of the 

Chinese economy, industry and living standards caused an increase in the HVAC market in 

China. The HVAC market has been growing the fastest in the areas of the Yangtze River 

and the Yellow River, mostly due to very hot summers and very cold winters. Some of the 

large cities in China, like Beijing and Shanghai have begun to build district heating and 

cooling systems to cope with the cityôs energy crisis and pollution problems.  
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3.3 Existing Models and Applications 

Most of the worldôs LiBr absorption manufacturing capacity is currently in Asia (Japan 

and China) and the US, as is much of the LiBr absorption chiller development work. 

Published LiBr absorption development efforts have taken place in the US, Japan and 

Europe. An Existing application of doubleïeffect absorption chillers can be found at a 

hospital in Brooklyn, New York. Absorption chillers provide 280 tons of cooling capacity 

(985, 6 kW). The chiller operates on steam created by natural gasïfired boilers. The 

Thermax unit has a high 1,25 coefficient of performance (COP) value. The unit generates 

chilled water to air building air conditioning system, without increasing the hospitalôs 

electricity demand during peak summerïrate periods. The chiller provides cold for 48 000 

ft
2
 (14 630,4 m

2
). 

 

 

Figure 12 Double - effect steam - fired absorption chiller. 

 

Appendix A contains a Summary of Published Past LiBr Development Efforts 

3.4 Climate Considerations  

In many applications, such as in solar energy technology, space cooling technology and 

heating and cooling applications an accurate climatic database is required. In the current 

project the accuracy of ambient air temperature (dry bulb temperature) and humidity are 

crucial. Preferable conditions for humans and machines to work are: 

- Temperature between 18 °C ï 25 °C  

- Relative humidity below 50%.  

If the environment within a building is too cold or too warm, with respect to this 

temperature band, then occupants soon will feel uncomfortable. Due to lower thermal 

comfort, machines could be less productive and occupants may even become ill.  














































































































































