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INTRODUCTION
• Cogeneration:
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A single fuel input

Electricity Heat
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INTRODUCTION
• Trigeneration:
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A single fuel input

Electricity Heating Cooling
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• Most common prime mover technologies:

INTRODUCTION

7

• Most common prime mover technologies:

INTRODUCTION

8

• Most common prime mover technologies:
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• Internal Combustion Engines: 

• Spark ignition engines, 

• Compression ignition engines.

INTRODUCTION
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• History of Cogeneration Plants: 

• 1914, German engineers were recovering heat from ICE to warm 
factories, 

• 1924, London, World First Power Congress, Waste Heat Utilisation, 

• 1926, London, Bank of England, Oscar Faber,  

• 1932, Berlin, Full session Cogeneration, 

• 1978, PURPA, Encouragement of Cogeneration, 

• 1995, Yenibosna-İstanbul, Pisa Textile Factory, Borusan Power 
Systems, 1.02 MW.
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• Current status of gas engine driven cogeneration and 
trigeneration plants in Turkey, by January 2015: 

• Natural gas, 822.020 MW, 

• Biogas, 199.665 MW, 

• Total, 1,021.685 MW.
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• Regional status of NG engine driven plants in Turkey, by January 
2015: 

1. Marmara Region, 374.629 MW, 

2. Mediterranean Region, 163.160 MW, 

3. Central Anatolia Region, 90.965 MW, 

4. Southeast Anatolia Region, 79.819 MW, 

5. Aegean Region, 75.379 MW, 

6. Black Sea Region, 34.630 MW, 

7. Eastern Anatolia Region, 3.438 MW.
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• Current status of biogas engine driven cogeneration and 
trigeneration plants in Turkey: 

• Landfill Gas, 161.598 MW, 

• Raw Material, 19.961 MW, 

• Waste Water Treatment, 18.106 MW.
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• Regional status of biogas engine driven plants in Turkey, by 
January 2015: 

1. Marmara Region, 83.305 MW, 

2. Central Anatolia Region, 64.948 MW, 

3. Mediterranean Region, 25.593 MW, 

4. Southeast Anatolia Region, 8.966 MW, 

5. Black Sea Region, 7.731 MW, 

6. Aegean Region, 6.701 MW, 

7. Eastern Anatolia Region, 4.421 MW.

Cogeneration and Trigeneration Plants
• Fundamentals of Cogeneration and Trigeneration Plants
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Exhaust Gas 
(>500°C) 

Jacket Water 
(70-99°C) 

Aftercooler 
(38-54°C) 

Electricity 
(0.4 kV, 50 Hz) 

FUEL INPUT 

• Fundamentals of Cogeneration and Trigeneration Plants 

• Electrical Efficiency 

• Thermal Efficiency

Cogeneration and Trigeneration Plants
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• Fundamentals of Cogeneration and Trigeneration Plants 

• Overall Efficiency 

• Reliability

Cogeneration and Trigeneration Plants
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• Fundamentals of Cogeneration and Trigeneration Plants 

• Availability 

• Primary Energy Savings Ratio

Calculate electrical efficiency, heat efficiency and total efficiency of an ideal 
cogeneration plant for generator voltage of 0.4 kV with respect to the following 
data. (Assume whole produced energy is utilised and consumed on-site.)

ηE = 2145/5139*100 = 41.74%
ηH = (1155+140+1204)/5139*100 = 48.63%

ηT = ηE+ηH = 90.37%

Example: Efficiency Calculation
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NOx < 500            |             NOx < 250             mg/mn3
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• Fundamentals of Cogeneration and Trigeneration Plants
Exhaust Gas

Jacket Water Circuit

Aftercooler Circuit

COGENERATION PLANT
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LT 
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Step-up
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• Fundamentals of Cogeneration and Trigeneration Plants
Exhaust Gas

Jacket Water Circuit

Aftercooler Circuit

TRIGENERATION PLANT
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with Grid
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Hot Water

Cogeneration Plant: Video
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• Connecting to a Real Plant

Biogas Application

24

Biogas is created by the digestion or fermentation of 
organic materials. The basic material is often slurry or 
solid manure. Regenerative raw materials or waste from 
the food industry are generally used as cofermentates. 50 
– 70 % of the gas produced this way are composed of the 
high-quality fuel methane. Carbon dioxide (CO2), nitrogen 
and trace gases (such as hydrogen sulfide) are its other 
constituents. 
A multiplicity of organic materials can be used in a biogas 
plant. Some systems run entirely on slurry and solid 
manure, while others exclusively use regenerative raw 
materials. Frequently, a mixture of materials is used.
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1 MW electric power:
• 7,200 dairy cows
• 1,400,000 laying hens 
or chicken

• 5000 daa cultivated 
corn
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Biogas Application: Video
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Biogas Application: Video

Youtube Link         

Sewage Application
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From 6 m3 of sewage, current systems manage to generate 
on average 1 kWh of electric power and 1.2 kWh of thermal 
energy. The efficiently and ecologically generated electric 
power can either be used to supply the sewage plant itself, or 
it can be fed into the electricity grid. In the latter case, 
compensation according to government subsidy schemes, 
like the YEKDEM. During the combustion process, heat is 
being generated inside the gas engine. This thermal energy 
can be utilised for heating up the sewage sludge in the 
digester or for heating the whole facility. In large-scale plants, 
excessive high-temperature heat may be available that can 
be used to pasteurize or dry the sewage sludge. 



Sewage Application
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1 MW electric power:
• 500,000 populated city

Sewage Application: Video
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Landfill Gas Application
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From the waste deposited in the landfill body, a gas is created consisting 
mainly of methane and carbon dioxide. This is then extracted via the 
installed gas well and the connecting pipelines from the landfill. The gas is 
prepared in the compressor station to produce the required primary 
pressure. If the methane content of the gas is below 40%, it is burned in the 
high-temperature flare systems at 1200ºC. Gas with a methane content 
above 40% is supplied to the landfill gas genset. Electricity (and possibly 
also heat) is produced here. In the transformer station, the electrical current 
is transformed to the power grid voltage and is measured and supplied to 
the grid of the local power supplier. The gas volume is usually used up after 
an operation period of 10 years. The practical and economic use of the 
gases is thus temporally limited.

Landfill Gas Application

32

10 / // /     MTU Onsite Energy MTU Onsite Energy     / // / 11

Properly monitored landfi ll sites represent 
economical energy sources. The gas produced 
by the anaerobic decomposition of organic 
matter in the deposited refuse has to be 
captured and removed for environmental 
reasons. It thus constitutes a virtually free 
source of energy that can be utilized to 
generate electricity using the intelligent 
gas engine systems made by MTU Onsite 
Energy.

Plants for producing electricity from landfi ll 
gas attract government subsidies in Germany 
under the terms of the Renewable Energy Act 
(EEG). The electricity generated can be 
supplied to the national power grid at a fi xed 
compensation rate. There are comparable 
assistance schemes already in place or in the 
pipeline in many other countries as well.

Over and above the attractive fi nancial 
aspects, planned gas recycling also offers a 
number of other important benefi ts:
//  The odor nuisance from landfi ll sites is 

reduced. 
//  Fire and explosion hazards can be 

prevented.
// Gas migration is avoided.
//  The landfi ll site can be recultivated more 

quickly.

LANDFILL GAS:
GAIN FROM GARBAGE.

Gas well during 
refuse deposition

Active horizontal 
and vertical gas wells

Compressor with gas analyser 
(CH4, CO2, O2)

Landfi ll gas 
generator set

Transformer 
substation

Landfi ll gas fl are

Landfill
Body
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1 MW electric power:
• 125,000 populated city



Landfill Gas Application: Video
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• Synchronisation 

• Electrical Modes of Operation 

• Island Mode 

• Standby 

• Peak Shaving 

• Base Load 

• Export

• LV Switchgear Synchronisation of Gas Engine Driven 
Cogeneration and Trigeneration Plants

Cogeneration and Trigeneration Plants
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Cogeneration and Trigeneration Plants
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• HV Switchgear Synchronisation of Gas Engine Driven 
Cogeneration and Trigeneration Plants
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• Current Legislation of Cogeneration and Trigeneration 
Plants in Turkey 

• Before amendment of Electricity Market Law in 14 
March 2013, there were two alternatives for licenses: 

• Autoproducer license, (20-50%) 

• Electricity generation license. (Up to 100%)

Cogeneration and Trigeneration Plants
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• Current Legislation of Cogeneration and Trigeneration 
Plants in Turkey 

• By the amendment: 

• Autoproducer license became void, 

• Unlicensed generation of electricity, 

• Electricity generation license.

Cogeneration and Trigeneration Plants
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• Current Legislation of Cogeneration and Trigeneration Plants in Turkey 

• Unlicensed generation of electricity: 

• There is no installed capacity limit 

• Total efficiency must be ≥ 75%, Electricity/Heat Ratio ≤ 1.5 (*0.7 for Gas Turbines) 

• Surplus energy can not be sold, YEKDEM 

• For biogas plants, produced electricity by plants can be sold to the grid (13.3 ¢/kWh)

Cogeneration and Trigeneration Plants
• Environmental Effects of Gas Engine Driven Cogeneration 

and Trigeneration Plants 

• ICE, Lean-burn engines, SCR, 90% NOx 

• US EPA GHG Equivalency Calculator, 

• 50%, 90%, 41.33%, 48.59%, PESR=0.268. 

• 1 MW, 240m3 NG, 64.4m3 for 10 years (8400h/year).
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Cogeneration and Trigeneration Plants
• Environmental Effects of Gas Engine Driven Cogeneration 

and Trigeneration Plants 

• Equivalent GHG Emissions
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Cogeneration and Trigeneration Plants
• Environmental Effects of Gas Engine Driven Cogeneration 

and Trigeneration Plants 

• Equivalent CO2 Emissions

42

Cogeneration and Trigeneration Plants
• Environmental Effects of Gas Engine Driven Cogeneration 

and Trigeneration Plants 

• Equivalent number of 10 years old tree seedlings
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• Fosters its role in energy efficiency and distributed 
generation. 

• Lower carbon emiss ion, rap id operat ion for 
synchronisation, part load operational flexibility, good load 
following capability, and short payback periods. 

• At least 75% efficiency condition changed the 
cogeneration mentality in Turkey from “Generate, use and 
sell the surplus energy to the grid” to “Generate as much 
as you need and utilise the produced energy on-site”.
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Conclusions
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