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Abstract- The possibility of exploiting waste heat from the automobiles has been of great significance in view of ever 
increasing energy demand and environmental constraints. Waste heat utilization for the production of power and cooling 
simultaneously helps in reducing problems related to global environment, such as greenhouse effect from CO2 emission due 
to the combustion of fossil fuels in engines, and the use of chlorofluorocarbon refrigerants which is currently thought to 
affect depletion of the ozone layer. Thus to overcome these issues we bring out a new system where the maximum utilization 
of the exhaust energy can be used. In this proposed cogeneration system Li-Br-water absorption system is used along with 
the thermionic power generation in a mini trucks used for transporting sea foods and cold storages. Required tonne of 
refrigeration is available using our proposed system.  In order to utilize the waste heat coming out from the automobile 
exhaust, this system is employed. Additional heat available from the generator is used to generate power by thermionic 
cycle, which is stored in the battery and used for secondary purposes. Results also show that this proposed cogeneration 
cycle have better exergy and thermal efficiency. The fuel efficiency also increases without much drop in the output power of 
the engine. This proposed system is economical, eco- friendly and also have good future scope. 
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I. INTRODUCTION 
 
The  vapour  absorption  system  is  one  of  the  
oldest  methods  of  producing  refrigerating  effect. 
This  system  can  be  used  in  both  domestic  and  
large  industrial  refrigerating  plants. The vapour 
absorption system uses heat energy, instead of 
mechanical energy. In  the vapour  absorption  system  
the  compressor  is   replaced  by  an  absorber, a 
pump, a generator and  a  pressure  reducing  valve. 
In the  system  the  vapour  refrigerant  from  the  
evaporator  is  drawn  in  to an  absorption  unit  
where  it  is  absorbed  by  the  weak  solution  of  the  
refrigerant  forming  a  strong  solution, which  is  
pumped  to  the  generator where  it  is  heated  by  
some  external  source. During  the  heating  process,  
the  vapour  refrigerant  then  flows  into  the  
evaporator  and  thus  cycle is completed.  
 
The vapour absorption refrigeration system needs at 
least two fluids. One fluid act as a refrigerant while 
the other as an absorber. The desirable properties of a 
refrigerant-solvent combinations are the absorber  
should have greater  affinity  to  absorb  the  
refrigerant, ideal  absorbent  should  remain  in liquid  
state   under  operating  conditions, high boiling  
point, high specific  heat  for  better heat  transfer and 
low  viscosity.  
The excess heat available from the generator is used 
to produce power using Seeback effect. This effect 
can be used to generate electricity, measure 
temperature or change the temperature of objects. 
The thermocouple is well known and has been used  

 
extensively over the last 100 years for measurement 
of temperature and process control. The principle 
governing the operation of thermocouple devices is 
the Seeback effect. 
 
II. THE ABSORPTION CYCLE 
 
Fig. 1 below shows the conceptual schematic of an 
absorption machine using lithium-bromide/water as 
solution pair. As can be seen in the schematic, the 
main components of the absorption machine are: 
desorber (generator), condenser, evaporator, a 
solution heat exchanger and the absorber. 

 
Figure 1. Vapour Absorption Refrigeration System 

 
The process starts when the hot water entering the 
desorber   induces a violent boiling process within the 
desorber. The boiling takes part of the lithium 
bromide solution out of the desorber. Furthermore, 
part of the water escapes as vapour into the condenser 
and the remaining concentrated solution heads to the 
absorber. In the condenser, the vapour is condensed 
to saturated liquid and further expands decreasing the 
temperature as it goes through the expansion device. 
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This sub-cooled liquid is finally taken to the 
evaporator where the cooling effect is obtained and 
the liquid goes to a superheated water vapour state. 
Simultaneously the heat released to absorb the vapor 
is removed by air. The resultant diluted solution then 
goes back to the evaporator. 
 
With reference to numbering system shown in fig 1,at 
point (1) the solution is rich in refrigerant and a pump 
forces the liquid through a heat exchanger to the 
generator (3). The temperature of the solution in the 
heat exchanger is increased. In the generator thermal 
energy is added and refrigerant boils off the solution. 
The refrigerant vapour (7) flows to the condenser, 
where heat is rejected as the refrigerant condenses. 
The condensed liquid (8) flows through a flow 
restrictor to the evaporator (9). In the evaporator, the 
heat from the load evaporates the refrigerant, which 
flows back to the absorber (10). A small portion of 
the refrigerant leaves the evaporator as liquid spill 
over (11). At the generator exit (4), the steam consists 
of absorbent-refrigerant solution, which is cooled in 
the heat exchanger. From points (6) to (1), the 
solution absorbs refrigerant vapour from the 
evaporator and rejects heat through a heat exchanger. 
 
III. SYSTEM   ANALYSIS 
 
The determination of thermodynamic properties of 
each state in the cycle, the amount of heat transfer in 
each component and flow rates depends on the 
following input parameters. 
 
Generator temperature   Tg (oC) 
Evaporator temperature      Te(oC) 
Condenser temperature      Tc (oC) 
Absorber temperature        Ta  (oC) 
Refrigeration load             Qe(kW) 
 
The above set can be determined from the actual 
running measurements or assumed by a first 
reasonable estimate to cycle performance. Here 
pressure drop in components are neglected. 
 
The theoretical COP of Vapour Absorption 
Refrigeration System is  
 

Theoretical COP =  
T

T ∗
T

T − T  

 
We consider actual COP= 0.6 * Theoretical COP, 
with % Li-Br at Absorber = 0.55 and % Li-Br at 
Generator= 0.65 
 
Capacity of Refrigeration = 15 tonnes 
 
Therefore heat removed (Qr) from the system = 15 * 
210  
                                                          = 3150kJ/min 
 

For this heat that should be added is 3055.5 kJ/min. 
This heat is provided from the exhaust gas of the 
automobile to the generator.  
 
Considering the factors like effectiveness(ε) we take 
it as 0.8 for heat exchangers. Now this effectiveness 
would effect the cycle therefore, 
 

Total Heat needed =
Q
ε  

 
A heat exchanger is established between the exhaust 
manifold and generator of vapour absorption 
refrigeration system to transfer heat from exhaust gas 
to the  generator, so the required mass flow rate of 
water through the heat exchanger is obtained from the 
equation  

Heat transfer =  m c (T − T ) 
 
TW1and Tw2 are the inlet and exit temperature of the 
water in the heat exchanger.  
 

SECTION TEMPERATURE Li-Br 
concentration 

Condenser 30oc 0 

Evaporator 50c 0 

Generator 1000c 0.65 

Absorber 300c 0.55 

       Table 1. Temperature and Li-Br concentration. 
 
IV. POWER GENERATION CYCLE 
 
Seeback Effect 
 
A thermoelectric power generator is a solid state 
device that provides direct energy conversion from 
thermal energy (heat) due to a temperature gradient 
into electrical energy based on “Seeback effect” in 
figure 2. The thermoelectric power cycle, with charge 
carriers (electrons) serving as the working fluid, 
follows the fundamental laws of thermodynamics and 
intimately resembles the power cycle of a 
conventional heat engine. 

 
Figure 2. Seeback effect 
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Thermoelectric power generators offer several 
distinct advantages over other technologies, 
 they are extremely reliable (typically exceed 
100,000 hours of steady-state operation) and silent in 
operation since they have no mechanical moving 
parts and require considerably less maintenance 

 they are simple, compact and safe 
 they have very small size and virtually 

weightless 
 they are capable of operating at elevated 

temperatures;   they are suited for small-
scale and remote applications typical of rural 
power supply, where there is limited or no 
electricity 

 they are environmentally friendly 
 they are not position-dependent and 
 they are flexible power sources. 

 
When a temperature difference is established between 
the hot and cold junctions of two dissimilar materials 
(metals or semiconductors) a voltage is generated, 
i.e., Seebackvoltage.  
 
In fact, this phenomenon is applied to thermocouples 
that are extensively used for temperature 
measurements. Based on this Seeback effect, 
thermoelectric devices can act as electrical power 
generators. A schematic diagram of a simple 
thermoelectric power generator operating based on 
Seeback effect is shown in Fig. (1). As shown in Fig. 
(1), heat is transferred at a rate of QH from a high-
temperature heat source maintained at THto the hot 
junction, and it is rejected at a rate of  QL to a low-
temperature sink maintained at TL from the cold 
junction. Based on Seeback effect, the heat supplied 
at the hot junction causes an electric current to flow 
in the circuit and electrical power is produced. Using 
the first-law of thermodynamics (energy conservation 
principle) the difference between QH and QL is the 
electrical power output We . It should be noted that 
this power cycle intimately resembles the power 
cycle of a heat engine (Carnot engine), thus in this 
respect a thermoelectric power generator can be 
considered as a unique heat engine 
 
V. COMBINED CYCLE 
 
Figure 3. shows the proposed vapour absorption 
refrigeration system with power generation. Here the 
vapour absorption process is coupled to Seeback 
circuit to produce power. Here the exhaust heat is 
utilized to produce the refrigeration effect and a part 
of this exhaust gas left out from generator is used to 
produce the hot junction of the Seeback circuit, 
thereby producing power. This power is stored in a 
battery which can be used for secondary purposes. 
 
The exhaust gas coming out from the automobiles is 
one of the major problems faced by modern world 
Thus in this proposed cycle we are utilizing the 

maximum of exhaust energy. The refrigeration effect 
from the vapour absorption cycle can be used for cold 
storage purposes. By this we can put a control over 
the environmental crisis like pollution, global 
warming etc.. 

 
Figure 3. Combined cycle 

 
CONCLUSION 
 
The possibility of exploiting waste heat from the 
industries has been of great significance in view of 
ever increasing energy demand and environmental 
constraints. Waste heat utilization for the production 
of power and cooling simultaneously helps in 
reducing problems related to global environment , 
such as green house effect from CO2 emission due to 
the combustion of fossil fuels in utility power plants, 
and the use of chlorofluorocarbon refrigerants which 
is currently thought to affect depletion of the ozone 
layer. 
 
In order to utilize the waste heat coming out from the 
automobiles at a significantly higher temperature 
(600-700oC) we can adopt this proposed cycle. The 
automobile waste heat operated combined power and 
refrigeration cycle, which integrates the LiBr-H2O 
absorption refrigeration cycle and Seeback cycle. The 
vapour absorption refrigeration systems powered by 
waste heat are used in different engineering 
applications and have several advantages over the 
well-known compression systems like; simplicity in 
construction, low capital cost, high reliability, silent 
operation and very low maintenance cost.  
 
The main objectives of this combined cycle are; 
 to   utilise  the  maximum  exergy. 
 to   get  better  cooling  effect. 
 to   avoid  compressor  work. 
 to   produce power for secondary purposes. 
 to   protect our  mother  nature  from  
pollution. 
 
Here from this cycle we can produce a cooling effect 
of 5oC which is suitable for cold storage purposes and 
thus it can be easily incorporated in heavy 
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automobiles used for such purposes. The power 
produced can be utilized for other auxiliary purposes 
of automobiles. 
 
REFERENCES 
 

[1]  Aphornratana S, Eames IW. Thermodynamic analysis of 
absorption refrigeration cycles using the second law of 
thermodynamics method. International Journal of Refrig- 
eration 1995 

[2]  D’Accadia MD, de Rossi F. Thermoeconomic optimization 
of a refrigeration plant. International Journal of Refrig- 
eration 1998 

[3]  Wall G. Optimization of refrigeration machinery. Inter- 
national Journal Refrigeration 1991 

[4]  Bejan A, Tsatsaronis G, Moran M. Thermal design and 
optimization. New York: John Wiley and Sons Inc; 1996. 
[5] Tsatsaronis G, Javier P. Exergoeconomics evaluation 
and optimization of energy systems—application to the 
CGAM problem. Energy 1994 

[6]  Lozano MA, Valero A. Theory of the exergetic cost. Energy 
1993 Fig. B1. Plot of the investment cost equation for the 
evaporator assembly. 168 R.D. Misra et al./International 
Journal of Refrigeration 26 (2003) 

[7]  Frangopoulos CA. Application of the thermoeconomic 
functional approach to the CGAM problem. Energy 1994 

[8]  Von Spakovsky MR. Application of engineering func- 
tional analysis to the analysis and optimization of the 
CGAM problem. Energy 1994 

[9]  Szargut J, Morris DR, Steward FR. Exergy analysis of 
thermal, chemical and metallurgical processes. New York: 
Hemisphere Publishing Corporation; 1988. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[10]  Irvine TF, Liley PE. Steam and gas tables with computer 
equations. USA: Academic Press; 1984. 

[11] Castro, J., Leal, L, Pozo, P., Perez-Segarra, C.D., and C. 
Oliet; “Development and Performance of an Air-Cooled 
Water-LiBr Absorption Cooling Machine”, 
UniversitatPolitecnica de Catalunya; International Forum on 
Renewable Energies; 2002. 

[12]  Daikin Industries, Ltd., Japanese Patent “Air-Cooled 
Absorption- Refrigerator”, 1998. 

[13] Daikin Industries“Air Cooled Absorber”, 1999. 
 [14] Daikin Industries, Ltd., U.S. Patent 6109060, “        Air-

Cooled Absorption Type Refrigerating Apparatus”, 2000. 
[15] De Vuono, A.C., Hanna, W.T., Osborne, R.L., and   D.A. 

Ball, “Development of a Double-effect Air-Conditioner 
Heater (DEACH).  Phase 3 and Final Report, January 1990-
December 1991. Phase 3, September 1987-December 1991.  
Overall Project”, report by Battelle and Gas Research 
Institute, 1992. 

[16] DeVault, Robert, Oak Ridge National Laboratory, Oak 
Ridge, TN; Telephone interview by Robert Zogg of TIAX, 
Cambridge, MA; October 11, 2004.  

[17]  Dirksen, J.A., and T.A. Ring, “LiBr Crystallization 
Inhibition”, Gas Research Institute, GRI-97//0049, January 
1997.  

[18] Drost, M. K. and M. Friedrich; “Miniature Heat Pumps for 
Portable and Dristributed Space Conditioning 
Applications”; AIChE 1998 National Meeting; New 
Orleans, LA; No. 97464; 1998.  

[19] Drost, M. K., C. Martin, J. Martin, and R. Cameron; 
“Recent Developments in Microtechnology-Based Chemical 
Heat Pumps”; 3rd International Conference on 
Microreaction Technology; Frankfurt, Germany; April 
1999.  

[20]  Erickson, Donald C., President, Energy Concepts Company, 
Annapolis, MD; Telephone interview by Robert Zogg of 
TIAX, Cambridge, MA; December 1, 2004. 

 
 
 
 
 
 
 
 

  


