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1. INTRODUCTION 

 

Sri Lanka is having a government owned Electricity Grid. National electricity grid 

covers whole country after the commissioning of the latest transmission line 

connecting Kilinochchi to Jaffna. The grid is operated and maintained by Ceylon 

Electricity Board (CEB). In 2011, annual electricity generated in the country is 

11,528 GWh [1] . From the total generation, 5,094 GWh were generated in thermal 

oil power plants. Electricity generated in thermal power plants accounts for 44% of 

the total generation in 2011.  Installed capacity of diesel engine power plants account 

for 540 MW, which is 17.19% of the total installed capacity of 3140 MW [1]. These 

power plants use heavy furnace oil as their main fuel, which is cheaper than diesel 

and has a higher calorific value. Exhaust temperature of these diesel engines are 300 

°C to 470 °C. Exhaust flow rate is 1.5-2.5 kg/s per one Mega Watt of electrical power 

output. This energy dissipates to the environment without doing much useful work. If 

we consider the “Heladhanavi” 100 MW power plant, it emits 180 kg/s flue gas at 

410 °C, containing thermal energy of about 68 MW. From this energy, plant uses 

only 1/6th of the extractable energy from exhaust heat and this extracted energy is 

used to heat fuel.  

 

This thesis proposes a cogeneration system to diesel engine power plants, analyzes 

the present systems of the “Heladhanavi” Power Plant, proposes a cogeneration 

system to “Heladhanavi” and evaluates technical and financial feasibility of the 

system. From the calculations carried out to “Heladhanavi” power plant, the total 

cogeneration potential in diesel engine power plants in Sri Lanka is estimated. In 

addition, thesis discusses the problems to the investors and possible options to 

encourage them.   
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Source: Study report on Electricity demand curve and system peak reduction by 

Public Utilities Commission, Sri Lanka [3] 

 

 

1.1.2. Diesel engine power plants 

Presently Sri Lankan power system heavily depends on thermal power plants. More 

than 40% of energy is generated by thermal power plants. Most of the diesel engine 

based thermal power plants are open cycle and most of the energy is dissipated to the 

environment through exhaust gas.  

In early 1990s, power generation heavily dependent on Hydro power plants. With the 

increase of electricity demand and, utilization of major water resources, Sri Lanka 

had to move in to thermal power. Now 60-70% of electricity energy comes from 

thermal power plants.  

 

 

Figure 1.2: Daily Load Profile – Sri Lanka 
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Table 1-1: Thermal oil power Plants in Sri Lanka 

 

Present 
Plant 
Capacities 
(No.× 
MW) 

Total 
capacity 
(MW) 

Year of 
commissioning 

End year 
 

Prime 
Mover 

Kelanitissa small gas 
turbines  

 100  
1981/ April 
1982 

 
Gas 
Turbine 

Kelanitissa  PS GT 7(Fiat) 1×115 115 August 1997  
Gas 
Turbine 

Kelanitissa Combined 
Cycle 

1×110+1
×55 

165 
January 2002 
March 2003 

 
Gas 
Turbine 

Sapugaskanda Diesel A 4×20 80 
May 1984 
October 1984 

 
Diesel 
Engine 

Sapugaskanda Diesel B 8 × 10 80 
September 
1997 

 
Diesel 
Engine 

Sub Total   540     

      

IPP Power Plants      

Asia Power (PVT) Ltd. 
 

6.5×8 51 June 1998  
Diesel 
Engine 

Lakdanavi Ltd. 
 

6.3×4 23 Nov. 1997 
Nov. 
2012 

Diesel 
Engine 

Colombo Power (PVT) 
Ltd. 
 

16×4 60 July 2000 
July 
2015 

Diesel 
Engine 

ACE Power Horana (PVT) 
Ltd. 
 

6.3×4 20 Dec. 2002 
Dec.201
2 

Diesel 
Engine 

ACE Power Matara (PVT) 
Ltd. 
 

6.3×4 20 Mar. 2002 
Mar.201
2 

Diesel 
Engine 

Heladanavi Ltd. 
 

17×6 100 Dec.2004 
Dec.201
2 

Diesel 
Engine 

ACEPowerEmbilipitiya(P
VT)Ltd. 
 

7.5 ×14 100 Apr. 2005 
Apr. 
2015 

Diesel 
Engine 

West coast power (PVT) 
Ltd. 

170+100 270 May 2010 
May 
2035 

Diesel 
Engine 

Aggreko International 
Projects  

15   
Dec. 
2010 

Diesel 
Engine 

Northern Power  6.3×4 20 Dec. 2009 
Dec. 
2019 

Diesel 
Engine 

Source : http://powermin.gov.lk [4] 

Table 1-1, illustrates the generation details of thermal power plants in Sri Lanka. 

Ceylon Electricity Board owns an installed capacity of 540 MW. Power plants 
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owned by Independent Power Producers (IPP), produce an installed capacity of 700 

MW. 

1.2 Research Problem 

In Sri Lanka, the capacity of the installed Diesel Engine power plants is 534 MW. 

These power plants are having a higher plant factor (70-80%). The efficiency of 

diesel engines varies between 30% - 47%. Most of the modern diesel Engine 

efficiencies are around 45%. In a Diesel Engine, heat loss to environment through 

exhaust is in the range of 25% - 32% and heat losses to the environment through 

cooling systems are 20%- 25%. Therefore, most of the energy is dissipated to the 

environment, without doing any useful work. Therefore, there is an opportunity to 

capture dissipating energy, and convert it to a useful form of energy.  

 

1.2.1. Heat Balance for Diesel Generator at Heladhanavi Power Plant  

Energy efficiency of “Heladhanavi” power plant can be calculated as follows, 

Calculation of Diesel Generator Efficiency 

Calorific value of HFO                             = 40616 kJ/kg 

Energy contained in fuel 0.200 kg  = 8123 kJ 

Electrical O/P (1kWh)                       = 3600 kJ 

Efficiency of the generator             = 3600×100/8123 

                                                                              =44.3% 

Energy contain in input fuel for 1s                       = 17000×8123/3600 kW 

                                                                              = 38,360 kW  

Energy dissipation through the cooling water system of the engine can be calculated 

as follows,  

High temperature cooling water flow rate      = 300 kg/s 

Temperature after the engine                         = 95 °C 

Temperature before the engine                       = 80 °C 
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       Energy dissipation to high  

                               Temperature cooling system = mCp∆T 

  = (300/3600) × 4.187 × (95-80) 

                                                                               = 5,234 kW  

 

Low temperature cooling water flow rate       = 250 kg/s 

Temperature after the engine                          = 52 °C 

Temperature before the engine                    = 40°C 

 

       Energy dissipation to low 

                                 Temperature cooling system = mCp∆T 

  = (250/3600) × 4.187 × (52-40) 

                                                                               = 3,489 kW  

        Heat dissipation to cooling water system      = 8,723 kW 

        Heat dissipation to cooling water system 

                       as a percentage of energy input      = 23 %        

 

Energy contain in the exhaust gas can be calculated as follows,  

Calculation of Exhaust Heat 

Exhaust flow rate                              = 30 kg/s 

Temperature after engine                          = 410 °C 

Ambient temperature                         = 30 °C 

Cp of flue gas                                            = 1.005 kJ/kg/K 

 Power of flue gas                              = mCp∆T 

                                                           =30×1.005×380 kJ/s 

                                                            =11,400 kW  

 

Percentage of input                                          = 29.72%  

For six engines Power of Exhaust flow           = 11,400×6 kW 

                                                                         = 68.4 MW 
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Energy dissipation through radiation          = 390 kW  

 

Energy dissipation through radiation  

                as a percentage of energy input        =  1 %        

 

Energy dissipation through exhaust gas 
                       29 %                                  Heat radiated to surrounding – 1 % 
 

 

 

Energy input   

 

  

 

                                                                                                     Efficiency of the  

                                                                                               Diesel generator – 44.3 %

                                      

Heat Energy dissipation to cooling water system – 23 %  

                                        

  Losses through alternator and other frictional losses – 2.7 % 

 

Figure 1.3: Energy Balance for diesel engine 

 

From the input energy of fuel, 29.72% is dissipating to the environment without 

doing any useful work. Exhaust gas at the exit is at 410 °C. Therefore, this can be 

identified as a good quality heat source. Part of this heat can be extracted and 

converted in to a useful energy form. Energy can be converted in to steam, 

electricity, heated thermal oil etc. This energy should be transmitted to a consumer. 

If there is no nearby requirement, transmission of steam and thermal oil is very 

difficult in comparison to transmission of electricity. The infrastructures required in 

transmission of electricity are transmission lines, transformers, switch yards and 

substations. Existing power plants already have mentioned infrastructures and 
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transmission of electricity is straightforward. The ways to convert exhaust heat to 

useful work, 

1. Cogeneration using a steam turbine 

2. Running a gas turbine from exhaust 

3. District heating from steam 

4. District cooling through a vapor absorption cycle 

5. Generation of steam for industrial heating (Eg: Tyre factories, Garment 

factories, etc…) 

From the above options, district heating is used in cold countries to heat up 

buildings. In Sri Lanka, there is no such need. There is no much Air conditioning 

requirements in close vicinity to the power plants as in big compartments in 

developed countries. Therefore, fourth option is also not feasible. 

If we consider the fifth option, there are no heat consumers near the diesel engine 

power plants. Therefore, first and second options are the only viable options, to 

generate electricity, the form of energy that can be transmitted easily.  

Running a gas turbine creates a considerable amount of back pressure on the 

turbocharger of the engine. This directly affects the engine efficiency. Therefore, 

best option is to cogenerate using steam turbines. 

Recover waste heat and generate 2% - 4% of existing capacity of diesel engines, will 

add 10- 20 MW to the national grid, without burning extra fuel. 
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1.3 Objectives of the study 

 

Study is focused to analyze the exhaust gas system of “Heladhanavi”: power plant, 

calculate potential steam energy from exhaust heat and hence calculate potential 

power that can be generated from generated steam. Then evaluate the technical and 

financial feasibility. Then, identify the potential cogeneration at other diesel engine 

power plants in Sri Lanka. Finally, the study identifies the problems associated with 

investors and discusses on the ways to encourage them. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


