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Abstract 
 
A massive quantity of heat gets wasted from Main Engine Exhaust Gases and gets 
released into atmosphere contributing to global warming. Since Diesel engines run at 
only 50% efficiency, we waste as much energy as we use for the main propulsion. The 
best ships using the most advanced energy capturing devices can somehow manage 
to utilize half of the wasted energy. Release of the remaining last quarter of the total 
energy obtained from the fuel into the atmosphere is inevitable and unavoidable. For 
ships' air conditioning and refrigeration systems, we use refrigerants  which have non-
zero ODP and substantial GWP, TEWI etc., contributing to environmental degradation. 
We also consume a lot of power for running the Vapour Compression Systems for the 
Air Conditioning. Why don't we use Vapour Absorption Systems, utlising the extra heat 
from the Main Engine Exhaust Gases and in the process protect the atmosphere and 
prevent its degradation at least to some extent? 
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Introduction 
 
Waste Heat Recovery  
 
The 1973 Oil Crisis has prompted considerable investment into reducing engine fuel 
consumption with the result that for some years the largest-bore engines have had an 
overall thermal efficiency of almost 50% (Fig.1). Shipowners who have not responded 
to the change have perished. 
 
There is a natural trade-off between engine fuel consumption and NOX emissions. 
Reductions in specific fuel consumption involve a natural increase in NOX emissions. 
However, there is one avenue which gives both a reduction  in emissions and a 
reduction in fuel consumption – utilisation of otherwise wasted energy. With today’s 
modern low-speed engines having an excellent efficiency of up to 50%, there is still 
50% of the fuel input energy not being put to productive use.  
 



In the case of a Sulzer 12RTA96C engine developing a maximum continuous output of 
68,640 kW, we should note that an equivalent quantity of energy is being wasted. A 
daily consumption of about 300 tonnes of heavy fuel oil is needed to generate this 
68,640 kW shaft power. This wasted energy is burdening the environment and is 
wasting our limited primary energy resources. We do have the responsibility to take 
care of the environment and to make best use of our primary energy resources. This 
leads to the need to develop concepts which allow better utilisation of primary energy. 
 
A series of palimpsests has already been published about reducing exhaust gas 
emissions from marine diesel engines with attention being on either controlling the 
generation of the emissions inside engine cylinders, removing the emissions by 
aftertreatment of the exhaust gases, or in the case of SOX  emissions, restricting the 
fuel specification. However, for the reduction in carbon dioxide (CO2) emissions, we 
will most probably need to spread our net further when looking for further emissions-
control ideas. But there is very little margin left in the large marine diesel engine for 
reducing CO2 emissions through improving engine thermal efficiency.  
 
Improved utilisation of fuel energy at the end of the day results in both lower fuel costs 
and lower emissions. The reduced emissions also have the benefit of providing the 
vessel with a ‘green’ image which today is even becoming a helpful factor in the 
competition of the freight market.  

  
 
Fig. 1: Heat balance of a Sulzer 12RT-flex96C engine without heat recovery (left) 
and with TOTAL HEAT RECOVERY PLANT (right) 
 



The application of a waste heat recovery system is therefore threefold:  
 
• The operator profits from a lower annual fuel bill  
• The operator contributes to lower the emission, such as CO2 and NOX  
• The operator benefits from an improved competitivity in the freight market.  
 
There is also the moral point in that the industry has an obligation to carefully deal with 
the Earth’s limited energy resources and, at the same time, look for environmentally-
friendly solutions.  
 
Engine tuning for waste heat recovery and Pressurised Engine Rooms  
 
A Marine Diesel engine’s exhaust gases contain about 25% of the input energy which 
is available at a fairly high temperature (Fig. 1). They are therefore a useful, potential 
source for heat recovery.  
 
Yet this exhaust gas temperature can be increased by adapting the engine for ambient 
suction air intake. Usually marine engines are designed for intake temperatures of up 
to 45°C for tropical conditions with turbochargers drawing intake air from the engine 
room. If instead the intake air is drawn from outside the engine room through an air 
intake duct, the maximum intake temperature can be assumed to be no more than 
35°C. The concept of pressurized engine rooms increased the engine room 
temperatures and also improved engine efficiency. 
 
In such a case, the turbochargers can be rematched to return the thermal load of the 
engine back down to what prevails for the intake temperature at 45°C. When 
considering such a tuning to reach an increased exhaust gas temperature, it is 
important that the thermal load of the adapted engine is no greater than that of the 
usual engine so as not to jeopardise engine reliability.  
 
Even with a certain quantity of exhaust gas branched off for the power turbine and 
therefore not then available for the turbocharger, the thermal loading of the engine 
becomes even lower than for the conventional engine. This is possible because the 
special turbocharger matching in combination with the power turbine allows full 
utilisation of the available efficiency of the turbocharger, and also because of the 
ambient suction tuning.  
 
This adapted tuning, however, incurs a penalty in a slightly increased fuel consumption 
at ISO reference conditions. But the gain in recovered energy more then compensates 
for the loss in efficiency from the higher fuel consumption. The engine needs to be 
equipped with an air waste gate to ensure that the maximum cylinder pressure stays 
within permissible limits at very low ambient temperature.  
 
Modern, high-efficiency turbochargers also have a small surplus in efficiency capability 
in the upper load range. This allows a certain exhaust gas flow to be branched off 
before the turbocharger to drive a gas turbine, or as it is called in this application a 



power turbine. With normal engine tuning it is not worth taking advantage of this 
possibility. However, the rematched turbochargers for ambient suction allow even 
more exhaust gas to be branched off under ISO conditions compared with the 
conventional tuning with maximum 45°C suction air temperature. Therefore, the 
rematched engine supercharging system gives an increased exhaust gas temperature 
and allows a good amount of exhaust gas to be branched off before the turbocharger 
thereby allowing a worthwhile heat recovery potential to be achieved.  
 
By adapting TOTAL HEAT RECOVERY PLANT (THR), in Sulzer RT Flex Engine, the 
overall efficiency has been brought up to about 54.9% from the original 49.3%, giving a 
gain of about 12% on the original efficiency value. The heat content in the exhaust 
gases has been brought down from 25.9% to 12.6% of the original 100% fuel input 
with a fuel consumption of 172 gms/KWh. The temperature of Exhaust Gases at the 
end of the THR Plant is about 1600C, which is generally taken as the temperature 
below which sulphur corrosion occurs. 
 
For a 12RT Flex 96c Engine with MCR Power of about 68640 KW, with THR system, 
6,650 KW could be recovered. If we are able to retain about 8% of this energy within 
the exhaust gases in the form of heat before they leave the economizer, we should be 
able to garner about 550 KW which can be used to run a 150TR Vapour Absorption 
System for air conditioning the accommodation and other necessary spaces of a ship. 
 
We will be able to do away with Vapour Compression system using Methane and 
Ethane based CFCs. The benefits to the atmosphere are immense. 
 
Vapour Absorption Systems 
 
This technology was invented by Ferdinand de Carre as early as 1890. However, it 
took a back seat during the cheap electricity years and has now made a comeback 
due to the emerging critical power scenario, caused by the depletion of fossil fuels. It is 
not yet used on board ships, but has found its application in shore establishments like 
hotels located particularly in places where there is a cap on the maximum demand that 
a consumer can draw from the power grid at a time. Generally, electricity boards 
ashore limit the maximum load that can be drawn by the customers from the grid at a 
time based on the availability of power. If the consumer exceeds the maximum peak 
demand, an exorbitant fine is imposed by the electricity board. Vapour Absorption 
Systems limit the momentary peaks in the power consumption caused by the high 
starting current of a heavy machinery like Compressor. It is more suitable for Air 
Conditioning than Refrigeration. The machine using this technology is commonly called 
Vapour Absorption Machine (VAM). 
 
Basic Principle 
 
i.  Boiling Point is a function of pressure. At atmospheric pressure, water 
boils at 100oC. At lower pressure water boils at lower temperature. The boiling point of 



water at 6 mm of mercury absolute is only 3.7oC. The same principle is used on board 
the ships to produce Fresh Water from Sea Water using Vacuum Distillation Method.  
 
ii.  Lithium Bromide (Li Br)  salt is hygroscopic and has the property to absorb 
water due to its chemical affinity. It is soluble in water. As the concentration of Li Br 
increases, its affinity towards water also increases and vice versa. The hygroscopic 
characteristics of Lithium Bromide solution are given in the Concentration Diagram.  
 
iii.  There is a large difference between vapour pressures of Li Br and water.  
 
Operating Principle 
 
The vapour absorption machine produces chilled water upto 4.5oC and this is good 
enough for Air Conditioning, using steam or heat obtained from combustion of fuel in a 
combustion chamber. The absorption machine utilizes the latent heat released by the 
refrigerant (water) as it evaporates (in a closed pressure vessel at low pressures) for 
cooling. Unlike a compression machine which uses a compressor to pressurize the 
vapourised refrigerant (Freon) and condenses it by using water or ambient air, the 
absorption machine uses an absorbent (LiBr) to absorb the vapourised refrigerant 
(water), which is then released from the absorbent when heated by an external source.    
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Fig. 2: Vapour Absorption Cycle   

 



Depending upon the source of heat, VAMS may be of two types 
 
Direct Fired VAM in which heat is supplied by combustion of fuel in a combustion 
chamber.  
Steam Fired VAM in which heat is supplied by steam obtained from an external 
source. 
 
VAMs may be Single Effect type or Double Effect type which has higher efficiency.  
 
Components of VAM 
 
VAM has four basic components 
 
1. Evaporator  in which water boils and flash cools itself when maintained at high 
vacuum.  
2. Absorber in which vapourised refrigerant (water) is absorbed by concentrated 
Li Br solution which has great affinity for water.  
3. Generator  in which the Li Br solution which has become dilute and has lost its 
capacity to absorb water vapour is reconcentrated using an external heat source.  
4. Condenser in which the vapour vapour released from the Li Br solution is 
condensed to form liquid refrigerant. 
 
Technical Specifications of a  typical Vapour Absorption Machine 
 
Make: THERMAX   Model: BH411 
 

1. Chilled Water Circuit 
 
 Capacity; 156TR 
 Chilled Water Flow: 94.3 cu. m per hour 
 Chilled Water Temperature Inlet 12 degrees C 
 Chilled Water Outlet 7 degrees C 
  

2. Cooling water Circuit 
 
 Cooling water Flow 158 cu m per hour 
 Cooling Water Inlet Temperature: 32 degrees C 
 Cooling water Outlet Temperature: 37.8 degrees C 
  

3. Heat generated from Fuel Circuit: 526400 K Cal per hour 
 
4. Electrical Circuit 
  
 Power supply: 3phase 415V 50Hz 
 Absorbent Power rating: 3KW 
 Refrigerant Power Rating: 0.30 KW 



 Vacuum Pump rating: 0.40 KW 
 Burner Rating: 2.2 KW 
 
5. Physical Data 
  
 Length: 3.8 m 
 Width: 2.36 m 
 Height: 2.358 m 
 Weight: 11.9 MT 
 Tube Cleaning Space Required: 3.4 m 
 
6. Service Data 
  
 Charging Quantity 
 Absorbent Lithium Bromide: 2530 kg 
 Refrigerant Water: 348 lits 
 
The above specifications refer to a machine fitted in a hotel in 1996. During these 
ten years, a lot of improvements have been made and efficiency of the machine 
enhanced. 
 
The Future 
 
Presently, the application of Vapour Absorption Systems is recommended only for 
Air Conditioning Applications due to the Concentration Characteristics of Lithium 
Bromide. It will not be too long before we will be able to use VAMs for refrigeration 
applications to meet requirements of sub-zero temperatures. This can be achieved 
by usage of suitable doping and additives. 
 
Similarly, the Dew point of exhaust gases limits the lowest temperature to not less 
than 160 degrees C, below which there would occur Sulphur Corrosion. However, 
with suitable additives in the fuel, we should be able to bring this temperature 
further down so that more heat can be extracted from the exhaust gases without 
subjecting the exhaust manifold and uptake to conditions of cold corrosion.     
 
Conclusion 
 
Though the economic advantages are not so outstanding for an already super-
efficient large sized slow speed marine diesel engine like Sulzer RT flex using 
TOTAL HEAT RECOVERY PLANT, where the maximum amount of heat has been 
already extracted out from the exhaust gases, the non-tangible benefits from using 
VAM are phenomenal  in terms of environmental protection – global warming and 
ozone depletion. In other engines of the older type, the benefits of using VAM are 
more pronounced contributing to improved heat efficiency and overall profitability of 
the entire exercise. 
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