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EXECUTIVE SUMMARY 
 
 
 

In this study the existing situation of cogeneration of heat and power in Europe 

and more specifically in Greece is assessed and evaluated. Also, the study 

presents existing examples of cogeneration of heat and power units, operating 

with solid fuels, in Europe as well as an extensive presentation of a power plant, 

in cogeneration mode, situated in East Germany, operating with lignite. Finally, 

the application of cogeneration of heat and power for cooling purposes, the so-

called ‘Trigeneration’, the required components and a successful application of 

trigeneration are also considered and briefly discussed. 
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1. COGENERATION IN GREECE 
 
1.1. Share in energy production 
The share of CHP electricity production in Greece is about 3,4%, one of the lowest in the 
European Union. CHP in Greece is developing slowly due to several reasons: 

 Warm climate and low industrial base. 
 Lack of natural gas tariffs, favourable for CHP and mainly for tertiary sector. 
 The bureaucratic procedures for installing and operating cogeneration systems is 

complicated and the technology not well known. 
 The existence of a monopolistic electricity utility up to 2001, the Public Power 

Corporation ‘PPC’, which was not fully supportive of CHP in the previous years. 
 
Most of the cogeneration plants were built between 1970-1980 without economic incentives. 
Since 1990, PPC have converted some power stations in cogeneration mode and its 
behaviour toward cogeneration is becoming much more positive. Additionally, the situation 
for the development of CHP is improving in terms of legal certainty and fuel supply, due to 
the adoption of the Law 2773/99, implementing the electricity liberalisation Directive and the 
relevant developments in the planned gas infrastructure. 
 
CHP in electricity generation and in heat production 
The food sector is the most relevant in terms of number of CHP plants, but in terms of 
capacity the refinery sector is not far behind. In the past, the most efficient CHP installations 
were the refineries, because of their continuous operation, the cheap fuel (distillery by-
products) and the good power-to-heat ratio. 
Very few installations exist in the commercial sector. Case studies for specific projects have 
shown that cogeneration investments in this sector are not viable, unless the produced heat is 
used also for cooling purposes during the summer. 
 
 Table 1.1: CHP units’ capacity and production by sector1. 

Maximum Capacity Production Fuel 

Electrical Heat Electricity Heat Input 
 

Sector 
CHP=Gross 

MW 
Gross 
MW 

Net 
MW 

ECHP/Gross 
GWh 

Gross 
GWh Net TJ TJ 

(NVC) 

Number  
of units 

Public supply 495 495 120 147 2132 1174 21844 2

Auto-producers      211   211 790            990      990    10386    18872 32

Refineries           99     99 201            635      635    3394      7310              7

Non ferrous metals           14     14   85              54        54    1270      1947              3

Chemical industries           36     36 106            156      156    2043      4821              6

Food products, beverages and 
tobacco 

          50     50 331            110      110    2944      3719            14

Textile, clothing and leather    13     13   67              36        36      736      1077              2

TOTAL         706 706 910          1137    3122    11560    40717        34

                                                 
1 Statistics from Institute Wallon and CEREN for year 2000. Based on the data collected by the Public Power 
Corporation. 
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Diagram 1.1: CHP by sector in Greece 

 
1.2. Fuels utilization 
 
Lignite is the only Greek domestic fuel source, with 82% of the total indigenous energy 
production and represents the main fuel diversification choice to ease the impact of oil in the 
country’s economy. Lignite accounted for 64% of the total electricity generation in 2001 and 
is used almost exclusively for steam-electricity power generation. 
Oil is also an important fuel source in Greece accounting approximately for 63% of the total 
energy consumption. Natural gas consumption is increasing significantly and according to 
calculations made by the International Energy Agency (IEA) is expected to triple over the 
next 10 years.  
Renewable energy represents 8.1% of total electricity generated in Greece. This percentage 
will tried to be double by 2010 following the European directive on the promotion of 
renewables.  
Biomass is a fuel with special potential, due to the considerable amounts of agricultural and 
forest residues produced annually in Greece.   There are already three biomass CHP plants 
operating in Greece, which produce 179 GWh of electricity per year. 
Regarding CHP, most of the CHP systems operating in Greece today are industrial power 
plants burning oil. Few units, operated by PPC, burn lignite and provide District Heating 
(DH) in the northern part of the country. Natural gas is the fuel of choice for IPP and auto-
producers. In fact 58% of the auto-producers fuel input is natural gas.  
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Diagram 1.2: Electricity generation by fuel source 

 
Table 1.2: Operational CHP unit’s capacity by fuel type 

Maximum capacity Production Fuel  

Electricity Heat Electricity Heat Input Type of fuel 
CHP 
MWe 

GrossM
We 

Net  
MWe 

ECHP 
GWh 

Gross 
GWh Net TJ       TJ 

 Number 
of units 

Solid 495 495 120 147 2132 1174 21844 2

Liquid 97 97 423 415 415 5178 8075 14

Gas 114 114 368 575 575 5207 10798 18

TOTAL 706 706 910 1137 3122 11560 40717 34

 
Table 1.3: Operational CHP units’ fuel input and heat electricity production 

Fuels  Units Public Utilities Auto-producers Total 
Fuel input TJ (NCV) 21844  21844

Gross electricity generation GWh 2132  2132
Lignite and 

derived products 
Net heat production TJ 1174  1174
Fuel input TJ (NCV)  10798 10798
Gross electricity generation GWh  575 575Natural gas 
Net heat production TJ  5207 5207
Fuel input TJ (NCV)  8075 8075
Gross electricity generation GWh  415 415Other fuels 
Net heat production TJ  5178 5178
Fuel input TJ (NCV) 21844 18872 40717
Gross electricity generation GWh 2132 990 3122TOTAL 
Net heat production TJ 1174 10386 11560
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There are four large district heating systems in Greece, three in the Western Macedonian 
region and one in Peloponese. Their heat comes from power plants belonging to the PPC, 
which have been upgraded to CHP systems. It is expected a development of DH technologies 
in the north of Greece, particularly independent CHP systems with gas, as fuel, and providing 
heat and hot water to cities and selling electricity to the network, as they are obliged by the 
current energy Law for liberalization of energy market (L.2773/99). 
 

Table 1.4: District heating systems in Greece 

City Thermal Capacity 
of the plant (MW) 

Kozani 67 
Ptolemais 50 
Amyntaio 40 
Megalopoli (under construction) 20 

 
1.3. Technologies used – Efficiency – Age of units 
As it can be seen in the Table 1.5, the main two types of CHP technologies developed in 
Greece are gas turbines with heat recovery used by 29% of the CHP sites and steam 
backpressure turbines. 
 
Table 1.5: Operational CHP units capacity and production by type of cycle  

Maximum capacity Production Fuel 

Electricity Heat Electricity Heat Input Type of cycle 

CHP 
MW 

Gross 
MW 

Net     
MW 

ECHP 
GWh 

Gross 
GWh 

Net          
TJ TJ (NVC) 

Number of 
Units 

 
N 

Combined Cycle 0 0 0 0 0 0 0 0

Gas turbine with 
heat recovery 106 106 218 664 664 33708 7766 10

Internal combustion 
engine 0 0 0 0 0 0 0 0

Steam: backpressure 
turbine 600 600 693 473 2458 7852 32951 24

Steam: Condensing 
turbine 0 0 0 0 0 0 0 0

Others 0 0 0 0 0 0 0 0

TOTAL 706 706 910 1137 3122 11560 40717 34

 
 
1.4. Environmental performance 
In 1990, the 98% of the CO2 emissions in Greece were caused by energy production and 50% 
were caused by power generation. These high percentages of CO2 emissions are partly due to 
the widespread use of lignite and oil for power generation. Switching to gas is the main 
environmental strategy to reduce emissions, however deep market reform and infrastructure 
development is needed to make this a feasible option. 
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Under the Burden Sharing Agreement (Kyoto Protocol), Greece is allowed to increase 25% 
of its CO2 emissions, having as a basis those of 1990, during the period 1990-2010. 
Notwithstanding, at the beginning of 2003 the increase passed 23% of the allowed amount. If 
substantial measures are not taken urgently, the percentage of CO2 emissions by 2010 will 
likely reach 28.9% or higher.  In other words, Greece will be 3.9% or more over the Kyoto 
emissions target. 

 

 
Diagram 1.3: CO2 emissions by sector 

 
1.5.  Cost data (capital cost & operating costs) 
The total installed CHP capacity in 2000 was 708 MWe, with an electricity production 
amounting to 3122 GWh and heat production to 1103 TJ.  
In 2001, generation licenses were granted for the construction of 400 MWe of CHP capacity 
including small and large plants. Two small CHP plants in Boeotia accounting for 35 MW 
will be put in operation during 2004 or even later, due to bureaucratic barriers that should be 
overcame. Moreover, PPC is expecting to install additional 198 MW of CHP capacity, in the 
near future. The CHP project in the LNG terminal of Revithoussa island has not been 
approved as no license granted yet, but it will operate by early 2006. 
Currently, cogeneration produce approximately 3,4% of the total electricity in Greece but this 
percentage is expected to increase significantly due to the economic growth. 
 
Electricity Price 
Prices for electricity purchase from CHP producers are calculated on the basis of the sales 
price that the power utility adopts. Recently, the Public Power Corporation (PPC) 
transformed from a highly integrated and state owned entity, which has been subjected to the 
Greek Government, to a private company, s.a., fulfilling all the requirements set by the EU 
96/92. Still though, Greece has the lowest domestic electricity prices in Europe with an 
average of 6.3 € per 100 kWh, even lower for industry, depending on the consumption and 
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agreement. On the other hand, the domestic sector represents 33% of the total electricity 
consumption and the industrial sector 31%, hence 64% of the total electricity consumption is 
sold at a very low price. 
The average increase rate for electricity the past years has being substantially higher for the 
commercial sector (+ Є11 / year) than for the remaining sectors, despite the fact that the 
former accounts for only 25% of the total electricity consumption. Furthermore, the PPC 
assure that, during the past ten years, the absolute price for electricity in Greece has 
decreased by 27,7%. 

 

agricultural use
6.3%

Other uses
5.2%

Industrial use
31%

Commercial use
24.8%

Domestic Use
32.7%

 
 Diagram 1.4: Greek electricity consumption by sector (Public Power Corporation S.A.) 
 
PPC is oblige to purchase all the electricity from independent power producers (IPP) and 
surplus electricity from auto-producers at the following regulated price: 

• For renewable CHP, the price equals to 90% of the PPC energy invoice for the 
energy component and 50% of the power invoice for the power component.  

• For conventionally fuelled CHP, then the electricity price paid by PPC will equal 
to 70% of the energy invoice for the energy section plus 50% of the PPC power invoice 
for the power section. 

• For CHP auto-producers, the electricity purchase price equals to the PPC energy 
invoice for the energy section. 
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On the other hand, the price offered by PPC to the cogenerators is a direct function of the 
voltage at which each cogenerator is connected to the national grid. If a cogenerator is 
connected to the high-voltage network that automatically provides very low purchasing 
prices to the cogenerator. Consequently, it is difficult for cogeneration projects to become 
financially viable.   
 
Table 1.6: Electricity prices for industry 

Euro/ 100 kWh Industrial 
consumer 

Annual 
consumption 

kWh 

Maximum 
demand 

kWh 

Annual 
Utilisation 

(In hours) With taxes VAT excluded Taxes 
excluded 

IA 30.000 30 1000 9.40 8.70 8.70

IB 50.000 50 1000 9.40 8.70 8.70

IC 160.000 100 1.600 8.60 8.00 8.00

ID 1.250.000 500 2.500 6.90 6.40 6.40

IE 2.000.000 500 4.000 6.40 5.90 5.90

IF 10.000.000 2.500 4.000 6.40 5.90 5.90

IG 24.000.000 4.000 6.000 5.40 5.00 5.00

IH 50.000.000 10.000 5000 5.00 4.60 4.60

II 70.000.000 10.000 7000 4.40 4.10 4.10

 
Table 1.7: Electricity price for households 

Annual Consumption  
kWh Euro/ kWh Household 

consumer 
Total At night 

Subscribed Demand    
kWh 

With taxes VAT excluded Taxes excluded 
HA 600  3 7.90 7.30 7.30
HB 1.200  3-4 7.40 6.80 6.80
HC 3.500 1.300 4-9 6.30 5.80 5.80
HD 7.500 2.500 6-9 7.10 6.60 6.60
HE 20.000 15.000 9 5.40 5.00 5.00
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Diagram 1.5: Average annual rate of increase for electricity price 1996-2001 (Public Power 
Corporation S.A.) 

 
Table 1.8: General tariff arrangements for sales of CHP electricity to PPC S.A. 

 Areas not connected to the national 
grid  (mainly Greek islands) 

Areas connected to 
PPC S.A. 

 High 
Voltage 

Medium 
Voltage 

Low 
Voltage High Voltage Medium 

Voltage Low Voltage

Independent Producers 
from Renewals  0.020 0.0595 

Auto producers Renewals 0.0155 0.0463 0.0573

Auto producer from CHP 

 

0.0737 

 

 

0.0573 

 

 

0.0491 

0.0133 0.0397 0.0491

 
Fuel price 
Natural gas is the most technically and financially appropriate fuel for CHP projects and this 
trend is going to be maximised in Greece, where the Government encourages the penetration 
of gas, in order to reach national environmental and security of supply targets. The main 
problem is that, due to the isolation of Greece from other EU States and the difficult 
international relations with neighbouring countries, gas sources are scarce and the supply of 
gas for power generation tight.  
Security of supply concerns have lead to a high degree of state intervention on the energy 
sector, what is causing problems of transparency on fuel prices. The activities of the Public 
Gas Corporation (DEPA) are not regulated because Greece has temporally derogated the 
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Directive 98/30/EC up to 2006. Therefore, there are not regulated tariffs and gas prices are 
based in bilateral contracts with DEPA.  
The Public Power Corporation (PPC) has a special contract for the purchase of gas with 
DEPA with more favourable terms than the rest of gas consumers. This “most favoured 
customer contract” began in 1998 and it has a duration of 16 years. The exact terms of this 
contract are not publicly available. 
 Despite the above situation, DEPA and the Attica region gas supplier (EPA Attiki) have 
provide with the following reference gas prices for CHP independent power plants: 

 
Table 1.9: High-pressure gas tariff in Greece 
LOAD FACTOR PRICE  €/ MWh 

60% 17.21 

70% 16.53 

80% 16.06 

90% 16.06 

 
 
Table 1.10: Low-pressure gas price for the industrial sector in the Attica area 

LOAD FACTOR With markdown of primary 
interpenetration €/MWh 

Without markdown of primary 
interpenetration €/MWh 

60% 20.18 20.71 
70% 19.71 20.24 

80% 19.12 19.65 
90% 18.88 19.41 

 
Table 1.11: Low pressure gas prices for the commercial sector in Attica area 
 First 5 years  €/MWh Next years €/MWh 
Up to 400 MW/h monthly 
consumption 22.65 30.21 

More than 400 MW/h of monthly 
consumption 21.80 29.07 

 
Table 1.12: Low-pressure gas price for the cooling sector in Attica area 

Charges for energy €/MWh Charges for power €/ MWh 
19.12 91.5 

 

According to DEPA, if the oil prices remain equal to the 2002 average, it is expected that in 
2003-2004 the cogeneration prices will drop by 2-5% especially for high load factor 
consumers. 
DEPA is currently studying the structure of a new tariff price for gas to be applied after the 
market liberalization, when TPA to DEPA’s gas system will be granted. The gas market 
liberalization is expected to happen in 2006, however the major changes in tariff price are 
expected not earlier than 2009.  
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This new tariff is uniform across the country and shippers will be charge independently of 
the distance to consumption points from the entry points. The transportation charge will be 
calculated according to the following formulae:  
 

Transportation tariff = 466,1 x Cmax + 0.2568 x Q (€/year) 
 
Cmax: Daily capacity of each shipper (in MWh/peak day/year). 

Q: Quantity of gas transported during the year (MWh/year) 

 
A charge for the use of the LNG terminal is also applied. 
Lignite is at the present the most used fuel for power generation. Yet, the Public Power 
Corporation, which has the 97% of the total power installed capacity, control its own lignite 
supply and have widely used this fuel to run away from oil import dependency. There is not a 
price reference for this fuel but it is very likely that the CHP public installations will get a 
special price as a result of the vertically integrated structure of PPC. 
 
1.6. Prospects of future implementations 
Greece is planning to invest more than €14.5 billion in the modernization of energy networks 
and is expected to become in the next years the “energy hub of the Balkan region”. 
 
Recent improvements in Greek-Turkish relations are facilitating discussions of energy 
cooperation. For instance, Greece and Turkey agreed in July 2000 to work together to 
develop connections between their natural gas networks. This commitment was reaffirmed at 
"The EU and Black Sea economic cooperation conference" in September 2001 by the 
Turkish officials at the conference and signed by the two Ministers, in April 2002. Senior 
Greek and Turkish officials have signed an agreement at EU headquarters to study how best 
to develop natural gas connections. The two countries have agreed to work with the EU-
sponsored Interstate Oil Gas Transport to Europe (INOGATE) project, which provides 
technical assistance to modernize oil and gas transport in central Europe and Asia in order to 
work toward European pipeline linkage to Caucasus and Asian oil and gas.  
 
In March 2001, Greece signed an agreement with Armenia and Iran to strengthen economic 
and energy cooperation. Discussions included the possibility of an EU-subsidized natural gas 
pipeline from Iran through either Armenia and Ukraine or Turkey and Greece.  
 
Greece received its first liquefied natural gas (LNG) shipment in November 1999, beginning 
a 21-year contractual agreement between Algeria and Greece under which DEPA will 
purchase gas from Algeria's Sonatrach. Greece has one LNG terminal at Revithoussa, near 
Athens, with a capacity of 23 bcf per year.  
 
A feasibility study is underway to determine whether to construct an underwater gas pipeline 
connecting Italy and Greece; if this pipeline does not come to fruition, it is possible that 
another LNG terminal will be constructed in Greece or that the terminal at Revithoussa will 
be expanded.  
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Part of the required investment will come from the EU and Greek state funds but private 
investments are also essential. For this reason, Greece is working to introduce a new 
regulatory framework for gas and electricity in order to bring Greece into the line with other 
Member States. 



 12

 
2.  COGENERATION IN EUROPE 
 
2.1. Share in energy production 
The cogeneration market in Europe is very diverse. Its share of electricity generation differs 
widely between countries, as well as the applications and plant configurations that are used. 
 
In European countries, cogeneration accounts for only 10% of the total installed capacity. 
Reflecting on the disparity of cogeneration penetration in different European countries, 
Denmark and Netherlands supply more than 30% of their electricity from cogeneration while 
countries like France and Greece supply less than 5%. 
 

 
 

Diagram 2.1: Cogeneration share in electricity production in some EU countries - 2000 
 
The European Commission has set an ambitious target to capture an 18% share of total 
electricity to be produced from cogeneration, in its Green Paper (1998). 
 
The foundation of the European energy policy is built on factors like Environment, Security 
of Supply and Energy Conservation and Competitiveness, where much emphasis is always 
on Environment.  Cogeneration is one technology that has the possibility to meet all these 
basic demands, which lead to self-promotion as a favourable choice for cleaner and efficient 
energy production technology. 
 
These new policy trends have forced the equipment suppliers for cogeneration to incorporate 
features needed to address the requirements like being environmentally friendly and 
contributing to lower emissions of NOx. Also the competitive environment in the power 
market has further accentuated the need for highly efficient, reliable and longer lasting 
equipment available at competitive price. Further more, the security in supply policy has 
resulted in a diversification of technologies in order to make use of local/domestic fuels. 
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According to the “Green Paper” from the European Commission “efforts should be made to 
promote new and renewable energy sources (such as hydrogen and cogeneration) in our 
economies. The European Union has set itself an ambitious target in this respect: 12 % of 
energy consumption in 2010 should come from Renewables”. Also 22% of the electricity 
consumed in the EU should have been produced form renewable energy resources by 2010. 
Energy development “offers the means to improve energy efficiency reduce energy intensity 
and vastly increase the share of clean, durable and renewable energy use. It also has a 
potential to influence global patterns of energy use and production, as advanced European 
technologies can provide developing countries with more sustainable and less damaging 
means towards economic growth”. 
 
Distributed Generation is a new trend foreseen in Europe and Western countries today. 
Deregulation of the energy markets, security of energy supply and the RES incentives open 
up for Distributed Generation (Embedded Generation or Distributed Energy). Distributed 
Generation especially with local energy sources plays an important role in a sustainable 
society. 
 
2.2. Fuels utilization 
 
2.2.1. Solid fuels employment 
Europe has a long tradition of both coal-mining and utilizing coal for power and heat 
generation. Today about 16% of the EU energy consumption is based on coal, lignite and 
peat. In Denmark, Germany, Greece, Ireland and UK more than 45% of the electricity is 
produced from coal. 
 
Political driving forces for GHG and emission reductions as well as the competition from 
natural gas, have been important factors for developing clean and efficient coal technologies. 
Clean and efficient coal utilization includes: 
 
• Environmentally friendly coal handling 
• High combustion, electrical and overall efficiencies (reduces GHG) 
• Minimization of SOx-emissions 

  Low sulphur coal 
  Internal sulphur captures 
  Tail end capture (FGD) 

• Minimization of NOx-emissions 
  Primary measures (low-NOx combustion systems, SNCR) 
  Secondary measures (SCR) 

• Minimization of dust emissions 
• Environmentally friendly residue handling 
 
The CCT (Clean Coal Technologies) concept has been developed by the power sector. IEA 
Clean Coal Centre uses the following definition: “Clean Coal Technologies (CCTs) are those 
which facilitate the use of coal in an environmentally satisfactory and economically viable 
way. Among other aspects, they meet various regulations covering emissions, effluents, and 
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residues. In some situations, CCTs offer the possibility of satisfying even more stringent 
standards, at an acceptable cost. A basic approach to the cleaner use of coal is to reduce 
emissions by reducing the formation of pollutants such as NOx and/or cleaning the flue gases 
after combustion. A parallel approach is to develop more thermally efficient systems so that 
less coal is used to generate the same amount of power, together with improved techniques 
for flue gas cleaning, for effluent treatment and for residues use or disposal. Thermal 
efficiency may be increased by using a higher grade coal.” 
 
 
2.2.2. RES utilization 
Cogeneration systems fuelled by: 
• Biomass and Biogas, 
• Natural gas, Liquefied petroleum gas (LPG), 
• Coal, Lignite or Peat. 
 
There is often a difference in plant size for these three types of fuels. Biomass and biogas 
plants are often limited in size, due to the limited amount of available fuel. Coal based 
cogeneration plants are often midrange or utility size due to economic reasons, while gas 
fuelled plants can vary between micro level (few kW) to utility level (hundreds of MW). 
 
Natural gas forms a significant part of the total primary energy mix in Europe with a share of 
22%. The consumption has increased by approx. 40% from 1990 to 2000. About 24% of the 
natural gas is utilized for power and CHP generation. 
 
Natural gas has been playing an important role for reducing GHG. High fuel to power and 
heat conversion efficiency and less fuel specific CO2-emissions, when compared to coal, are 
some important driving forces for increase natural gas utilization. With some modifications, 
gas fuelled technologies can also be used for: 
 
• LPG 
• Biogas 
• Landfill gas 
• Hydrogen 
• Methane 
• Methanol 
• Ethanol 
 
Many European countries utilize biomass waste from forestry, pulp and paper industries, 
wood industry and agriculture sector for energy generation while the main driving forces 
behind this has always been economic initiatives. Government incentives and support to 
renewable energy sources (RES) and a sustainable system with Distributed Generation have 
further promoted the utilization of biomass.  
 
There is a huge variety of biomass fuels and many methods for converting biomass to power 
and heat. The process can be divided into primary source, fuel preparation, handling and 
storage, conversion and power generation. 
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As shown in Table 2.1, there are many biomass fuel transformation methods and many 
possible conversion process alternatives. It is worth to note that many of these technologies 
are not fully proven or commercial in nature. 
    
   Table 2.1: Biomass conversion technologies 

 
 
 
2.3. Technologies – Efficiency – Environmental performance  
 
EU countries do not have yet common emission restrictions in action for energy conversion 
plants. EU Directive 2003/87/EC regarding emission trading, will be in operation by early 
2005, but it requires from each Member State a National Allocation Plan, verified by 
Commission. CO2 emissions are very much the main debatable issues today and 
compounding this is the trading of CO2 permits. The latter is expected to limit green house 
gases due the restriction criteria laid down for emission levels. These emission permits are 
expected to more or less replace carbon dioxide taxes. 
 
EU Directive 2000/76/EG specifies the following “minimum” emission restrictions for SO2, 
NOx and particulates. More stringent national emission restrictions override the directive. 
 
Table 2.2: Emissions from solid fuel combustion (mg/Nm3, 6% O2) 
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Table 2.3: Emissions from biomass combustion (mg/Nm3, 6% O2) 

 
 
Table 2.4: Emissions from liquid fuel combustion (mg/Nm3, 3% O2) 

 
 

Diagram 2.2: EU Emissions Savings (Mt CO2) 
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Diagram 2.3: CO2 emissions compared 
 
 

2.4. Success cases 
 
Schkopau Lignite-Fired Power Plant – Germany 
Schkopau power station, a modern industrial power plant, has been built in Korbetha, which 
lies between Halle and Merseburg, and is an important link in East Germany’s power supply.  
It burns lignite from the central German field and supplies electricity to the 380 kV grid 
operated by Vereinigte Energiewerke AG (VEAG), the 110 kV grid of Deutsche Bahn AG 
and also supplies power and steam to the chemical factories of Buna Sow Leuna Olefin-
verbund GmbH (BSL). 
 
The approval procedure for the 900 MW two unit lignite-fired power station started at the 
end of 1991.  The operating permit was issued in the middle of 1995.  After a construction 
and installation period of barely three years, unit A went on line at the end of 1995 and unit B 
was connected in parallel with the public electricity grid for the first time in the summer of 
1996.   
Every year, Schkopau power station converts up to six million tons of lignite from the central 
German mine at Profen into power and process steam.  The two units comprising the 
cogeneration plant can be deployed independently to maintain the supply. 
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Schkopau Lignite-Fired Power Station 

 
Deployment of the power station has to be very flexible because of the consumer structure 
and its varying load requirements; whereas the chemical companies need a base load supply, 
the track current power and the power intended for the public grid are in the medium and 
peak load ranges.  The innovative trademarks of Schkopau power station are its unusually 
high flexibility for a lignite-fired power station and also its efficiency of approximately 40%.  
Increased efficiency reduces fuel consumption and therefore emissions.  Leading edge 
environmental protection equipment also ensures a high environmental protection standard 
with emissions below the legally prescribed limits. 
 
Schkopau power station is an important economic factor for the entire industrial region of 
East Germany; by supplying cheap energy to the chemical industry, the railway and the 
public grid, the power station is paving the way to the region’s economic revival. 
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2.5. Market trends – Future implementation projects in Europe 
 
 

 
 
A Strategic Commitment between the CHP Community and Policymakers 
 

• Technical Performance - Reductions in the capital, operating, and lifecycle costs of 
cooling, heating and power systems; increase in the overall system efficiency with 
respect to converting fuel to useful work in the form of power, heating, cooling and 
mechanical energy; and improvements that increase durability or fuel flexibility. 

• Environmental Performance - Improvements to cooling, heating and power systems 
that result in lower emissions of acid pollutants, dust and carbon dioxide and lower 
“neighborhood” impacts in terms of noise, aesthetics, and land use. 

• Interconnection Standards and Systems - Actions taken to standardize 
interconnection protocols among Member States or the application of technologies 
that make it easier to achieve a fully functioning market for cooling, heating and 
power systems. 

• Regulatory Framework - Evaluation of changes in regulatory approaches for 
recognizing the environmental benefits of highly efficient production of heat and 
power and actions taken at the EU, Member State and local levels to reduce 
inconsistency and uncertainty in the process of permitting these facilities. 
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• Market Development - Increase in the contribution of cooling, heating and power 
facilities to the EU’s power portfolio for industrial, commercial, institutional, 
municipal, and residential applications in the public and private sectors. 

• Rational Planning - Integration of all elements of the energy system into an holistic 
approach that takes account of energy consumption, resource efficiency, 
environmental impact, system costs, security of supply. This will include the 
deployment of CHP, Renewable Energies and energy efficiency into energy systems. 

• Application Development - Advances in bringing cooling, heating, and power 
systems to new applications. 

• Education and Awareness - Actions taken to increase the level of understanding 
among customers and policy makers (EU, Member State and local) about the costs 
and benefits of cooling, heating, and power systems and related technologies such as 
district energy systems that aggregate thermal loads 
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3.  ADVANCED TECHNOLOGIES IN CHP IMPLEMENTATIONS 
 
 
3.1 Technologies presentation 

 
COGENERATION SYSTEMS 

 
Steam turbine 
 
Power range: 0.5-100 MW (higher power is also possible) 
 
Configuration types  

 Back-pressure, where this type of steam turbine exhausts the steam from the turbine at or 
above atmospheric pressure 

 Condensing, where this type of steam turbine exhausts the steam from the turbine at less 
than atmospheric pressure 

   Bottoming cycle 
  Bottoming Rankine cycle system with organic fluid 

  
 
Components  

 Heat source 
 Steam turbine 
 Heat sink 

 

 
 
Operation  
The system operates on the Rankine cycle, either in its basic form or in its improved versions 
with steam reheating and regenerative water preheating. The turbine uses steam, which is 
produced in a steam boiler. It utilizes high enthalpy steam as fuel to produce mechanical 
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work and lower enthalpy steam. Steam is extracted at various stages of the turbine between 
input and output, depending on the demand of thermal energy.  
 
Operating conditions  
For cogeneration applications, steam pressure can range from a few bars to about 100 bar; in 
the utility sector, higher pressures can also be used. Steam temperature can range from a few 
degrees of superheat to about 450oC, and, in the utility sector, to about 540oC.  Steam turbine 
systems have a high reliability, which can reach 95% and high availability (90-95%). 
 
Type of fuel  
Any type of fuel or certain combinations of fuels, even nuclear and RES and waste by-
products. 
 
Efficiency: 60-85% 
 
Power to Heat Ratio (PHR): Low 0.1-0.5 
 
Advantages 
• Usage of any fuel 
• Exit of steam in temperature and pressure desired 
• Long life cycle 

 
Disadvantages 
• Bulky construction 
• Slow response to load variations 
• High initial cost 
• Need for high enthalpy steam 

 
Installation period: 12-18 months for small units, up to three years for larger systems 
 
Life cycle: Long life cycle, about 25-35 years 
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Back-pressure steam turbine 
 
Power range: 0.5-100 MW (higher power is also possible) 
 
Components 

 Heat source 
 Steam turbine 
 Heat sink 

 
 
Operation 
It is the simplest configuration, where steam exits the turbine at a pressure higher or at least 
equal to the atmospheric pressure, which depends on the needs of the thermal load. It is also 
possible to extract steam from intermediate stages of the steam turbine, at a pressure and 
temperature appropriate for the thermal load.  After the exit from the turbine, the steam is fed 
to the load, where it releases heat and is condensed. The condensate returns to the system 
with a flow rate which can be lower than the steam flow rate, if steam mass is used in the 
process or if there are losses along the piping. Make-up water retains the mass balance. 
 
Operating conditions: See general conditions 
 
Type of fuel 
Any type of fuel or certain combinations of fuels, even nuclear and RES and waste by-
products. 
 
Efficiency: 60-85% 
 
Power to Heat Ratio (PHR): Low 0.1-0.5 
 
Advantages 
• Simple configuration with few components 
• The costs of expensive low pressure stages of the turbine are avoided 
• Low capital cost 
• Reduced or even no need of cooling water 
• High total efficiency 
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Disadvantages 
• The steam turbine is larger for the same power output, because it operates under lower 

enthalpy difference of steam 
• The steam mass flow rate through the turbine depends on the thermal load. 

 
Installation period: 12-18 months for small units, up to three years for larger systems  
 
Life cycle: Long life cycle, about 25-35 years 
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Condensing steam turbine 
 
Power range: 0.5-100 MW, higher power systems are also possible. 
 
Components 

 Heat source 
 Steam turbine 
 Heat sink 
 Condensate tank 
 Auxiliaries (pumps, etc)  

 

 
 
Operation 
Steam for the thermal load is obtained by extraction from one or more intermediate stages at 
the appropriate pressure and temperature.  The remaining steam is exhausted to the pressure 
of the condenser, which can be as low as 0.05 bar with corresponding condensing 
temperature of about 33oC, which is rejected to the environment.      
 
Operating conditions: See general conditions 
 
Type of fuel 
Any type of fuel or certain combinations of fuels, even nuclear and RES and waste by-
products. 
 
Efficiency: 60-85% 
 
Power to Heat Ratio (PHR): Low 0.1-0.5 
 
Advantages 
• In comparison to the back pressure steam turbine system, this system has the 

capability to change the electrical and thermal power independently, inside certain 
limits, and consequently to change the value of PHR.  
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Disadvantages 
• Lower total efficiency and higher capital cost than the back pressure steam turbine 

system 
 
Installation period: 12-18 months for small units, up to three years for larger systems  
 
Life cycle: Long life cycle, about 25-35 years 
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Bottoming cycle steam turbine 
 
Power range: 0.5-100 MW (higher power is also possible) 
 
Components 

 Heat recovery steam generator  
 Steam turbine  
 Condenser 
 Heat source 
 Auxiliaries (pumps, etc) 

 
Operation 

After the process, the gases are still at high temperature. Instead of releasing them directly 
into the atmosphere, they can pass through a heat recovery steam generator (HRSG) 
producing steam, which then drives a steam turbine. Thus, the energy of fuel is first used to 
cover a thermal load and then to produce electricity by a steam turbine system in a bottoming 
cycle. 
 
Operating conditions: See general conditions 
 
Type of fuel  
Any type of fuel or certain combinations of fuels, even nuclear and RES and waste by-
products 
 
Efficiency: Lower than back pressure steam turbine systems 
 
Power to Heat Ratio (PHR): Low 0.1-0.5 
 
Installation period: 12-18 months for small units, up to three years for larger systems 
 
Life cycle: Long life cycle, about 25-35 years 
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Bottoming Rankine cycle systems with organic fluids or “Organic Rankine 
Cycles (ORC)” 
 
Power range: 0.5-100 MW (higher power is also possible) 
 
Components 

 Heat recovery steam generator  
 Steam turbine  
 Condenser 
 Heat source 

 

 
Operation 
In the bottoming cycle, shown in the above figure, water is the working fluid, which 
evaporates by heat recovery at high temperature. However, when heat is available at 
relatively low temperatures (80-300oC), organic fluids with low evaporation temperatures 
can be used, such as toluene, improving the heat recovery and the performance of the system.   
 
Operating conditions: Heat is available at low temperatures of 80-300oC 
 
Type of fuel: Organic fluids (i.e. toluene) 
 
Efficiency: Lower than back pressure steam turbine systems 
 
Power to Heat Ratio (PHR): Low 0.1-0.5 
 
Advantages 
• Their higher molecular weight leads to a lower number of stages and consequently to 

lower turbine costs 
• The rate of condensation inside the turbine is lower 

 
Disadvantages 
• They are more expensive than water and losses of the fluid can result of significant 

cost 
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• Fluids as toluene are considered hazardous materials and must be handled 
accordingly 

• Thermal stability of some organic fluids appears to be limited 
• Their lower heat of vaporization as compared with water leads to higher mass flow 

rates and higher pumping power, resulting in lowering of the efficiency 
 
Installation period: 4-8 months for small units, 1-2 years for larger systems 
 
Life cycle: 20 years 
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Gas turbine 
 
Power range: 0.5-100 MW or even higher 
 
Configuration types 

 Open-cycle gas turbine 
 Closed-cycle gas turbine 

 
Components 

 Compressor 
 Combustion chamber 
 Gas turbine   

 

 
 
Operation 
Air enters the compressor where pressure and temperature are increased. It is then mixed 
with fuel and combustion occurs. The hot gases expand to atmospheric pressure producing 
work, in the turbine. The compressor operates with the 65% of the energy from the turbine, 
while the rest 35% is mechanical energy available at the turbine axis. A generator connected 
to the turbine axis produces electricity. Heat is recovered from the combustion gases, by 
recovery boilers. 
 
Operating conditions 
Combustion takes place with high excess air. The exhaust gases exit the combustor at high 
temperature and with oxygen concentrations of up to 15-16%. The highest temperature of the 
cycle appears at this point; the higher this temperature is, the higher the cycle efficiency is 
and with the current technology it is about 1300oC. The exhaust gases leave the turbine at a 
considerable temperature about 450-600oC. 
 
Type of fuel 
Natural gas, light petroleum distillates (gas oil, diesel oil), products of coal gasification. 
Attention has to be paid to the fact that the turbine blades, at the open-cycle gas turbine, are 
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directly exposed to the exhaust gases, so the combustion products must not contain 
constituents causing corrosion. At the closed-cycle gas turbine can be used even city of 
industrial wastes and even solar or nuclear energy. 
 
Efficiency: 60-80% 
 
Power to Heat Ratio (PHR): 0.5-0.8 
 
Advantages 
• Low initial cost 
• High availability 
• High efficiencies in larger size 
• Fuel switching capabilities  
• Fast manufacturing and installation 
• Light weight and small volume 
• High exhaust gas temperature 
• Immediate response in load variations 

 
Disadvantages 
• Need for ‘high quality’ fuel 
• Need for high pressure of natural gas (if this is the fuel) 
• Need for specialized staff for operation  

 
Installation period: 9-14 months and for larger systems may reach two years 
 
Life cycle: 15-20 years 
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Open-cycle gas turbine 
 
Power range: 0.5-100 MW 
 
Components 

 Compressor 
 Combustion chamber 
 Gas turbine 
 Heat recovery steam generator   

 

 
 

Operation 
The compressor takes in air from the atmosphere and derives it at increased pressure to the 
combustor. The air temperature is also increased due to compression. The compressed air is 
delivered through a diffuser to a constant pressure combustion chamber, where fuel is 
injected and burned. The diffuser reduces the air velocity to values acceptable in the 
combustor. The exhaust gases exit the combustor at high temperature. The exhaust gases 
enter the gas turbine producing mechanical work to drive the compressor and the load. The 
exhaust gases leave the turbine at a considerable temperature, which makes high-temperature 
heat recovery ideal. Instead of producing steam, the exhaust gases after the turbine can be 
used directly in certain thermal processes. 
 
Operating conditions: See general conditions 
 
Type of fuel 
Natural gas, light petroleum distillates (gas oil, Diesel oil), products of coal gasification. 
Attention has to be paid to the fact that the turbine blades are directly exposed to the exhaust 
gases, so the combustion products must not contain constituents causing corrosion. 
 
Efficiency: 60-80% 
 
Power to Heat Ratio (PHR): 0.5-0.8 
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Advantages 
• Low initial cost 
• High availability 
• High efficiencies in larger size 
• Fuel switching capabilities  
• Fast manufacturing and installation 
• Light weight and small volume 
• High exhaust gas temperature 
• Immediate response in load variations 
 

Disadvantages 
• Need for ‘high quality’ fuel 
• Need for high pressure of natural gas (if this is the fuel) 
• Need for specialized staff for operation  

 
Installation period: 9-14 months and for larger systems may reach two years  
 
Life cycle: 15-20 years 
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Closed-cycle gas turbine 
 
Power range: 0.5-100 MW 
 
Components 

 Condenser  
 2 Heat exchangers 
 Gas turbine 
 Heat source 

 

 
 

Operation 
The working fluid, usually helium or air, circulates in a closed circuit. It is heated in a heat 
exchanger before entering the turbine and it is cooled down after the exit of the turbine, 
releasing useful heat. Thus, the working fluid remains clean and it does not cause corrosion 
or erosion. 
 
Operating conditions: See general conditions 
 
Type of fuel 
Any type of fuel, even city or industrial wastes and also nuclear or solar energy can be used. 
 
Efficiency: 60-80% 
 
Power to Heat Ratio (PHR): 0.5-0.8 
 
Advantages 
• Low initial cost 
• The availability is expected to be higher than the open-cycle gas turbine system, 

thanks to the clean working fluid 
• High efficiencies in larger size 
• Fuel switching capabilities  
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• Fast manufacturing and installation 
• Light weight and small volume 
• High exhaust gas temperature 
• Immediate response in load variations 

 
Disadvantages 
• Need for ‘high quality’ fuel 
• Need for high pressure of natural gas (if this is the fuel) 
• Need for specialized staff for operation  

 
Installation period: 9-14 months and for larger systems may reach two years 
 
Life cycle: 15-20 years 
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Reciprocating internal combustion engine  
 
Power range: 0.015-2 MW. There are also some applications of ICE of 6 MW 
 
Configuration types 

 Otto cycle  
 Diesel cycle 

 
Components 

 ICE 
 Absorption machine 
 Control system 
 Auxiliaries (pumps, etc) 
 Heat recovery boiler 

 

 
 
Operation 
In an Otto engine, a mixture of air and fuel is compressed in each cylinder and the ignition is 
caused by an externally supplied spark. 
In a Diesel engine, only air is compressed in the cylinder and the fuel, which is injected in the 
cylinder towards the end of the compression stroke, ignites spontaneously due to the high 
temperature of the compressed air. 
 
Operating conditions 
In an Otto cycle, mechanical energy for electricity production is available at the axis and heat 
by the jacket cooling fluids of the engine (90-120oC) and the combustion gases (400-700oC). 
In a Diesel cycle, slightly higher temperatures are available at exhaust gases.  
 
Type of fuel: A broad variety of gaseous and liquid fuels 
 
Efficiency: 70-85% 
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Power to Heat Ratio (PHR): 0.8-2.4 
 
Advantages 
• The retrieved heat does not affect mechanical energy 
• Availability 80-90% 
• Heat available at two temperature levels (exhaust gasses, engine cooling fluids) 
• Good response in load changes 
• Versatility by many engines connected in parallel 

 
Disadvantages 
• More complicated machines than turbines 
• Difficult to control noise, specially to diesel cycle engines 

 
Installation period: Short time, of maximum 9-12 months  
 
Life cycle: For small units, 10000-30000 hours 

      For large units 3-6MW, 15-20 years 
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Combined cycle cogeneration system or “combustion (gas) turbines” 
 
Power range: 4-100 MW. There are also CCGT systems of 400 MW.  
 
Configuration types 

 Combined Joule-Rankine cycle 
 Combined Diesel-Rankine cycle 

 
Components 

 Steam turbine 
 Gas turbine 
 Heat recovery boiler  
 Auxiliaries (i.e. pumps, etc)  

 

 
 
Operation 
The system is a combination of the gas and steam turbines, with heat recovery boiler between 
them. A gas turbine produces electricity and high enthalpy steam which is expanded through 
a steam turbine to produce more electricity and lower enthalpy steam. 
 
Operating conditions 
The most widely used combined cycle systems are Combined Joule-Rankine. The maximum 
possible steam temperature with no supplementary firing is by 25-40oC lower than the 
exhaust gas temperature at the exit of the gas turbine, while the steam pressure can reach 80 
bar. If higher temperature and pressure is required, then an exhaust gas boiler with burner(s) 
is used for firing supplementary fuel. With supplementary firing, steam temperature can 
approach 540oC and pressure can exceed 100 bar. 
 
Type of fuel: Those mentioned for gas turbines 
 
Efficiency: 70-88% 
 
Power to Heat Ratio (PHR): 0.6-2.0 
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Advantages  
• Higher efficiency from both gas and steam turbine systems 

 
Disadvantages 
• Very uneconomic in small sizes 

 
Installation period: 2-3 years 
The installation can be completed in two phases: the gas turbine subsystem is installed first, 
which can be ready for operation in 12-18 months. While this is in operation, the steam 
subsystem is installed. 
 
Life cycle: 15-25 years 
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Fuel cells 
 
Power range: 0.04-50 MW 
 
Configuration types 

 Alkaline fuel cells (AFC) (space applications) 
 Polymer electrolyte fuel cells (PEFC) 
 Phosphoric acid fuel cells (PAFC) 
 Molten carbonate fuel cells (MCFC) 
 Solid oxide fuel cells (SOFC) 

 
Components 
Electrochemical device 
 

 
 
Operation 
A fuel cell is an electromechanical device, which converts the chemical energy of fuel into 
electricity directly, without intermediate stages of combustion and production of mechanical 
work.  
 
Operating conditions 
There are several types of fuel elements, characterized by the type of electrolyte, with 
operation temperatures 80-1000oC. 
 
Type of electrolyte: Potassium hydroxide (KOH), phosphoric acid (H3PO4), etc. 
 
Type of fuel: Pure hydrogen, natural gas, methanol, etc. 
 
Efficiency: 85-90% 
 
Power to Heat Ratio (PHR): 0.8-1.0 
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Advantages 
• Silent operation 
• High efficiency which remains high and fairly constant over a wide range of load 

conditions 
• Modular construction 
• No major rotating equipment 
• Very low level of exhaust gasses 

 
Disadvantages 
• High cost 
• Very high maintenance cost 
• Not widely known yet 
• Short lifetime 

 
Installation period: Short  
 
Life cycle: Short 
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Stirling engines  
 
Power range: 0.003-1.5 MW 
 
Configuration types 

 Alpha arrangement, which has two pistons in separate cylinders, which are connected in 
series by a heater, regenerator and cooler 

 Beta arrangement, which uses displacer-piston arrangement and having both of them in 
the same cylinder 

 Gamma arrangement, which uses displacer-piston arrangement but having them in 
separate cylinders  

 
Components 

 Heater  
 Regenerator 
 Cooler 
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Operation 
The working gas operates on a closed path and it does not participate in the combustion. 
Thus, the moving parts of the engine are not exposed to combustion products. However, 
special sealing is needed to avoid leakage of the high pressure working gas and its loss to the 
environment, as well as passing of the lubricating oil from the crankcase to the internal side 
of the cylinder. 
 
Type of fuel 
Liquid or gaseous fuels, coal, products of coal liquefaction or gasification, biomass, urban 
wastes, etc. It is possible to change fuels during operation, with no need to stop or make 
adjustments on the engine. Nuclear or solar energy may also be the source of heat. 
 
Efficiency: 65-85% 
 
Power to Heat Ratio (PHR): 1.2-1.7 
 
Advantages  
• Vibration level lower than that of reciprocating internal combustion engines 
• Lower emissions and noise level than that of reciprocating internal combustion 

engines 
• High efficiency 
• Good performance at partial load 
• Fuel flexibility  
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Disadvantages 
• This technology is not fully developed yet, and is mainly in research stage 
• There is no wide-spread application 
• Sealing problems 

 
Installation period: Short  
 
Life cycle: 20 years 
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Multi fuel and hybrid technologies 
 
In order to meet unforeseen developments in fuel prices, taxes, fuel availability it could be 
wise to invest in fuel flexible plants. Multi fuel plants are often used when the fuel 
availability varies over time (week, month and year). This is often the case with agriculture 
or forestry waste. Systems designed for emergency fuels improve the energy supply security. 
Such multi fuel technologies are proven well. Mixing and load limitations are dependent on 
the actual technology. Gas turbines and reciprocating engines require gaseous or refined 
liquid fuels, while boilers can be designed for applicability to almost any fuels (with certain 
mixing limitations dependent on combustion technology). 
 
Hybrid technologies combine two or more energy conversion technologies, in order to 
improve efficiency, availability and fuel flexibility. Hybrid concepts could be of special 
interest for waste and/or alkali rich biomass fuels. By using another high quality fuel (natural 
gas) or a “Heat Recovery Steam Generator” (connected to a natural gas fired engine or gas 
turbine) for super heating, steam data and electrical efficiency can be improved. Several 
process configurations are possible. 
 
One example is the COCO plant in Thailand, combining natural gas fired gas turbines 
(6x35MW) and coal boilers (Circulation Fluidized Bed combustion) driven steam turbines 
(2x152MW), with integrated steam systems. 
 

 
Hybrid solid (CFB) and gas (GT) fuelled extraction-condensing plant 
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3.2 Comparison of technologies 
 

Engine Gas Turbine Steam 
turbine 

Combined 
cycle 

ICE Otto ICE Diesel Fuel cell

Power (MWe)  0.2-100 0.5-100 10-100 0.015-2 0.1-30 0.01-0.25

Heat/Power 1.6-3 1-8 1.4-2 0.9-1.7 1.1-1.5 1.1 

Eff. Electric(%) 15-35 10-40 30-40 25-35 35-45 35-40 

Eff. Thermal (%) 40-59 40-60 40-50 50-60 40-50 20-50 

Eff. Total (%) 58-86 70-85 80-90 80-90 75-80 55-90 

Lifetime (yrs) 15 30 15 10 10 > 5 
Minimum Load 75% 20% 75% 50% 50% No limits
Availability (%) 90-98 99 90-98 92-97 92-97 >95 
Installation Cost 
(€/kWe) 

550-800 700-900  700-1400 700-1400 >2,500

Service Cost 
(€/MWh)  

2-7 3  6-1.2  2-1.2 

NOx  (kg/MWh) 0.2-2 0.9  1-14  <0.01 
Usable Temp. (oC) 450-800 - 450-800  300-600 250-550
Use of Heat Heat, DHW, 

LP-HP 
steam, 
district 
heating 

LP-HP 
steam, 
district 
heating 

LP-HP 
steam, 
district 
heating 

Heat, DHW, 
LP steam 

Heat, 
DHW, LP 
steam, 
district 
heating 

DHW, 
LP-HP 
steam 

Fuel Gas-liquid All Gas-liquid Gas - Petrol Gas - diesel Gas 
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4. Conventional Steam-Electric Power Plants; Coal- and Lignite-Fired 
 

• The largest power plant in Berlin is the 600-MW CHP plant. The 2 x 300 MW units have 
Deutsche Babcock coal-fired boilers and Siemens turbine generator sets. They went into 
operation in 1979 and 1989, respectively. Owner Bewag has made extensive modifications on the 
plant to reduce NOx emissions. 

 

 
 
• Rostock is the largest of seven ports on the Baltic and Germany’s fourth largest port overall. 

Rostock-D is a 550 MW, hard-coal fired generating unit built by a consortium of four German 
power companies from 1991-1994 at a cost of about DM 1.2-billion. The supercritical boiler was 
supplied by Borsig and it drives an ABB steam set. About 2-million m3/hr of cleaned flue gas are 
directed through a 6.5-m flue duct and into the Balcke-Durr natural draft cooling tower. Cooling 
water make-up is from the Baltic. 

 

 
 
• Sandreuth is the main CHP plant serving Nurenburg. Capacity is 440 MWth and 135 MWe.  

The plant uses hard coal, steam from the adjacent WTE plant, plus gas and oil as needed.  EVT 
supplied the boilers and ABB Turbine the turbine generator sets.  Three units were completed in 
the early 1980s, the fourth in 1992. In June 2002, the plant owners announced a 100-MW 
combined-cycle extension to the power station. 
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• Schwandorf-D is a 300 MW lignite-fired unit that came on-line in 1972.  Deutsche Babcock 

supplied the boiler, AEG the turbine, and BBC the generator.  The first units at Schwandorf went 
into operation in 1930 and the early combined-hearder sets were demolished in 1985.  In 1956, 
the first of four more modern units -- Schwandorf-A, 75 MW -- went in.  Units B & C were 100 
MW on-line in 1959/61.  Units B - D were all modified to burn lignite from the Czech Republic 
and retrofit with FGD and de-Nox equipment.  Schwandorf-A was closed in 1982 and Units B & 
C were shutdown in 1999.  

 

 
 
• The Scholven complex is owned by E.ON Energie and is one of the largest power plants in 

Europe.  The plant has four 370 MW units on-line from 1968-1971, a 740 MW coal-fired unit on-
line in 1979, and two 692-MW oil-fired units on-line in 1974/75.  The oil-fired units are 
deactivated.  Steinmuller supplied all the boilers except Block H - the 740 MW unit - which has 
an EVT boiler.  Siemens built all the turbine generator sets. 
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• The two 800 MW lignite units at Schwarze Pumpe are in Brandenburg between Dresden and 

the Polish border. At completion, these were the largest and most sophisticated lignite-fired units 
in the world with an estimated thermal efficiency of 41%.  The plant came on-line in 1997/98 and 
has boilers from EVT and Siemens turbine generator sets.  The once-through boilers produce 638 
kg/s of steam at 268 bar and 547 oC with reheat at 565 oC.  In addition to electricity, the plant also 
supplies district heat. 

 

 
• Tiefstack in Hamburg, Germany, has been in continuous use for power and heat generation 

since 1914 when construction began on the first set.  By 1925, the plant had 24 boilers and 5 
turbines. In the early 1950s, the plant had four large stacks that became symbols for the city’s 
fast-growing power company HEW. In 1993, a new 180 MW CHP plant was installed with a pair 
of Steinmuller boilers and a Siemens backpressure turbine generator set. With the use of 
additional heating boilers, up to 320 MWth can be supplied to the city's district heating system. In 
1995, an order was placed for what would be Europe’s largest enclosed coal-storage and handling 
system including two silos 44 m high and 50 m in diameter from the Dutch company ESI 
Eurosilo BV. 

 

 
 
• Wahlitz is a 37 MWe CHP plant in Sachsen-Anhalt.   ABB Turbine supplied the single 

turbine generator set and the plant went into operation in August 1994. It supplies electricity and 
heat to four towns in the area and to Paffinwerk Webau GmbH. Owner and operator Mibrag is a 
brown coal-mining company majority owned by U.S. energy company Xcel.  
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• In 1970/71, 2 x 350 MW units started up at the West power station, followed by the 710 MW 

units Voerde-A in 1982 and Voerde-B in 1985. The large units were equipped with FGD from the 
onset and the West units were retrofit with scrubbers in 1987. All four units had SCR added in 
1989. The plant burns over 3-million tons per yr of hard coal. STEAG operates both the plants – 
the Voerde units are jointly-owned with RWE.  Deutsche Babcok supplied the boilers and BBC 
built all the turbine generator sets except for West-1 which has a machine from MAN. 

 

 
 
• Unit-1 at Avedore went into operation in 1990 and supplies electricity to Eastern Denmark's 

grid and heat to Greater Copenhagen's district heating network. The unit burns primarily coal but 
can use oil and has a capacity of 250 MWe and 330 MJ/s heat. The boiler is from Deutsche 
Babcock and BBC supplied the turbine generator set. Avedore-2 went into operation in early 
2002 and has a capacity of 570 MWe electricity and 570 MJ/s heat. It burns natural gas in a 
Burmeister & Wain supercritical boiler with a topping gas turbine from Rolls-Royce and an 
Ansaldo steam turbine generator set. There is a separate biomass combustion unit. 
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• With a total capacity of 1,307 MW, Asnaes in West Sjaelland is Denmark's largest power 
station and burns hard coal and oil. The first unit went on-line in 1959 and four more units were 
added through 1981. Unit-5, the main set still in regular operation, is 672 MW.  Burmeister & 
Wain supplied the boiler and BBC the turbine generator set. Asnaes also supplies heat for the 
local municipality and process heat for neighboring companies. The power plant collaborates 
with nearby companies in an eco-friendly industrial symbiosis, in which industrial waste products 
are used by the other participants. 
 

 
 

• Ensted-8 is a 625-MWe CHP unit at the Aabenraa Fjord. The unit came online in 1979 with a 
Volund boiler and a Siemens turbine generator set. The plant was designed to fire hard coal and 
oil and a biomass boiler was added in 1998. The unit is equipped with ESPs, a wet limestone 
scrubber from FLS Miljo A/S, and an SCR system retrofit in 1996 by a consortium of ABB, 
Deutsche Babcock, and Haldor Topsoe. 

 

 
 
• Block 3 at the new Esbjerg power station has a capacity of 350 MWe and 500 MJ/S heat and 

is designed for burning hard coal and oil. Jesper Lahn was the architect for the 78-m boiler 
building and boiler support structure in collaboration with Danish consultancies ISC and 
Techwise A/S. The supercritical boiler was supplied by Stein and the turbine generator set by 
ABB. In the rear are Blocks 1&2 (131 MW coal-fired and 257 MW oil-fired, respectively), both 
now out of service. 
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• The Fyns power plant complex is by the Odense Kanal in Odense. There are two operating 

CHP units, Unit-3 dating from 1974 (285 MWe) and Unit-7, s supercritical unit installed in 1991 
(443 MWe). Both can fire hard coal, fuel oil, and natural gas. The boilers were built by 
Burmeister & Wain and both units have Siemens turbine generator sets. 
 

 
 

• Nordjyllands is in Vodskov north of Aalborg and has two operational coal-fired CHP units. 
Unit-2 is a 300 MWe block installed in 1977 with a boiler built by Burmeister & Wain and 
Ahlstrom and a Siemens turbine generator set. Unit-3 is a 414 MWe, ultra supercritical unit 
completed in 1998. It has a Burmeister & Wain boiler, a MAN turbine and a generator from 
GEC-Alsthom. At the time of its completion, Unit-3 was considered the most efficient coal-fired 
unit in the world. 
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• Stigsnaes power station is near Skaeskor. It has two units online in 1966 and 1970, 
respectively, with a total capacity of 413 MW electricity and 2 MJ/s heat. The plant has eastern 
Denmark's deepest harbour, with a water depth of up to 18 m. In 1999, an FLS Miljo wet 
limestone FGD system was installed on Unit-2 (285 MW):  this removes almost 98% of the SO2 
in the flue gas. Burmeister and Wain supplied both boilers and BBC both turbine generator sets. 

 

 
 

• Elsam’s Studstrup is a CHP plant on Kalo Vig north of Aarhus. The 375 MW Units 3 and 4 
are still in regular operation and were the first Danish supercritical sets. They went online in 1984 
and 1985, respectively, with Deutsche Babcock boilers and BBC turbine generator sets. Both 
units are coal-and oil-fired and Unit-4 can use some biomass as well. 

 

 
____________________________________________________________________ 
 
Abbreviations: AC = Allis Chalmers, BBC = Brown Boveri, B&W = Babcock & Wilcox, CE = 
Combustion Engineering, CHP = combined heat and power, EVT = Energie-und Verfahrenstechnik 
GmbH, FW = Foster Wheeler, GE = General Electric, NWR = Nordrhein-Westfalen, SCR = selective 
catalytic reduction, T/G = turbine generator    
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4.1. Schkopau Lignite-Fired Cogeneration Plant – Germany 
 
Schkopau power station, a modern industrial power plant, has been built in Korbetha, which 
lies between Halle and Merseburg, and is an important link in East Germany’s power supply.  
It burns lignite from the central German field and supplies electricity to the 380 kV grid 
operated by Vereinigte Energiewerke AG (VEAG), the 110 kV grid of Deutsche Bahn AG 
and also supplies power and steam to the chemical factories of Buna Sow Leuna Olefin-
verbund GmbH (BSL). 
 
The approval procedure for the 900 MW, two unit lignite-fired power station, started at the 
end of 1991.  The operating permit was issued in the middle of 1995.  After a construction 
and installation period of barely three years, unit A went on line at the end of 1995 and unit B 
was connected in parallel with the public electricity grid for the first time in the summer of 
1996.   
Every year, Schkopau power station converts up to six million tons of lignite from the central 
German mine at Profen into power and process steam.  The two units comprising the 
cogeneration plant can be deployed independently to maintain the supply. 
 

 
Schkopau Lignite-Fired Power Station 

 
Deployment of the power station has to be very flexible because of the consumer structure 
and its varying load requirements; whereas the chemical companies need a base load supply, 
the track current power and the power intended for the public grid are in the medium and 
peak load ranges.  The innovative trademarks of Schkopau power station are its unusually 
high flexibility for a lignite-fired power station and also its efficiency of approximately 40%.  
Increased efficiency reduces fuel consumption and therefore emissions.  Leading edge 
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environmental protection equipment also ensures a high environmental protection standard 
with emissions below the legally prescribed limits. 
 
So, it is clear that Schkopau power station is an important economic factor for the entire 
industrial region of East Germany; by supplying cheap energy to the chemical industry, the 
railway and the public grid, the power station is paving the way to the region’s economic 
revival. 
 
 

 
General diagram of Schkopau Lignite-Fired Power Station 

 
 
Technical characteristics  
The steam generator installation consists of identical steam generators, each with a steam 
power of 1360 t/h.  These are supplemented by an oil-fired auxiliary boiler plant. 
 
The two tower boilers, fired with lignite, are the first conventional steam generators of their 
type with supercritical parameters.  In view of the planned load deployment of the power 
station, they were designed for powering up and powering down every day, an extreme low 
load operation of 40% of the unit load and also a load change rate of 6% per minute.  Other 
features include the low NOx combustion system and fully automatic operation. 
 
The steam generators are Benson boilers with gas-tight welded pipe walls and no masonry.  
Basically, they consist of the combustion chamber with the heating surface pass above.  The 
retaining walls run the entire length without any change in the cross-section on the flue gas 
side.  The expansion is around 770 mm between cold and full load. 
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Cross-section of the steam generator 

 
Two feed pumps with electric motor are available to pump the feedwater to the steam 
generator via the two high-pressure preheaters, heated with bleed steam and the deheater.   
 
The main combustion system consists of eight coal dust burners distributed symmetrically 
over all four sides of the evaporator walls.  The burners are designed as jet burners for a coal 
throughput of 7.2 to 15.2 kg/s, corresponding to a thermal power of 80 to 175 MW.  With 
this control range, any load range can be achieved by switching mills on and of.  One coal 
mill is allocated to each of the eight coal dust burners. 
 
An electrostatic filter is installed for each unit in the flue gas duct downline of the steam 
generators.  The two filters are dimensioned so that the maximum permitted official dust 
emission limit of 50 mg/m3 is not exceeded even if parts of the precipitation systems fail.  
Each electrostatic filter consists of the filter housing with the two in flow and out flow hoods 
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and the hopper-shaped bunkers, the precipitation system integrated in the housing, the 
supporting structure, the electrics and the extraction systems.   
 
Three steam turbines are operated at Schkopau.  Of these, two more or less identical 
turbosets with a nominal power of 425 MW each generate a 50 Hz three-phase current.  The 
third turbine, with a nominal power of 110 MW, produces the 16 2/3 Hz railway power.  In 
addition to the power, process steam is generated for the chemical industry.  All the turbines 
have their own condensers.  
 

 
Montage photograph of the 50 Hz turbine 

 
Two identical natural draught cooling towers are operated to remove the condensation heat 
from the turbosets in the two Units and also from the track current turbine and heat from all 
the secondary cooling water points.  
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Cooling towers 

 
Energy extraction 
The concept of energy extraction and auxiliary power supply is built up according to the job 
which the industrial power station has to do and the high availability demands associated 
with it. 
 

 
Diagram of energy extraction and auxiliary power supply 
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These high availability demands on the power station are met by using three generator power 
switches at 21 kV level as part of the integrative feed system both at 110 kV voltage level 
and at 400 kV.  This circuit guarantees that the supply of the industrial plant at 110 kV level 
and of the auxiliary power for the power plant can be maintained with any likely fault.   
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5. TRIGENERATION - COOLING BY COGENERATION 
 
Cooling by Cogeneration 
The power requirement of refrigerating plants and air –conditioning units is relatively high.  
Since electric power must always be produced at the same time as demand arises, large load 
peaks will occur at times when the need for cooling is high and large power reserves must be 
made available by the power stations to enable this peak load to be covered.  
 
An absorption chiller-heater, which also produces electricity, is the most efficient cooling 
and heating system. The cogeneration of heat and electricity can improve the energy 
efficiency of any combustion system by using heat, which would normally escape into the 
environment. In addition, the electricity produced by a cogeneration chiller-heater could be 
sold to a electric utility. Developing such cogeneration units also contributes to smarter 
energy planning for utilities. By installing cogeneration systems to provide all energy -
heating, cooling and electricity- to new facilities, power generation increases only as demand 
increases. This provides greater flexibility for electric utilities, which usually forecast the 
long term regional electricity demand and build large central power stations, which may or 
may not be needed in the future. 
 

 
Hospitals 
From energy point of view, hospitals form part of the group of most complex activities as 
regards heating, cooling and electrical energy demand over the year and over each day of the 
year.  There are many hospitals whose energy consumption is even higher than some small 
industrial enterprises.  The average energy consumption of European hospitals is over 500 
Toe per year. 
 
Hospitals must have installed autonomous electricity generating systems capable to covering 
critical loads during emergencies.  But hospital administrators do not always have a clear 
vision of energy costs and hospital investment priority never give high priority to energy. 
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For a hospital situated in the Mediterranean region, we must see the climatic zone, to have 
some average temperatures for sectors of the Mediterranean climatic region and other general 
characteristics. 
 
 
In hospitals in the Mediterranean region, electricity consumption for cooling produced by 
compression equipment can easily reach 50% of total electricity consumption.  We can point 
out the importance of combined cogeneration and absorption technologies for achieving 
significant reductions in costs by transforming part of the electricity consumption into heat 
consumption, in turn increasing minimum heat demand in summer and thus increasing the 
working time of the cogeneration, further reducing energy costs.   
 
Absorption Cooling 
Absorption cooling systems are as effective as conventional vapour compression cooling 
systems, but require heat rather than electricity. As a result, these systems can use a variety 
of energy resources, including natural gas combustion, waste heat from electricity generation 
or solar thermal power. More importantly, these systems commonly use either ammonia or 
water as refrigerants, neither of which contributes to the depletion of the ozone layer or to 
global warming which is very encouraging. 
 
How they work 
A district heating and cooling system distributes thermal energy from a central source to 
residential, commercial and /or industrial consumers for use in space heating, cooling, water 
heating, and /or process heating.  The energy is transferred by steam of hot or chilled water 
lines.  Thus, the consumers obtain thermal energy from a distribution medium rather than 
generate it on site at each facility.  
 
Absorption chillers circulate a working fluid (the refrigerant) through an expansion and 
condensation cycle. Heat from air in a building causes a refrigerant to boil, rather than being 
compressed into a hot liquid, the gaseous refrigerant is moved to a chamber where it is 
absorbed by another liquid substance. The refrigerant-absorbent mixture is heated in a boiler 
to separate the two fluids. Each is sent to its own condensing chamber. The absorbent cools 
and condenses and is returned to absorb more refrigerant.  
 
The refrigerant cools and condenses and is returned to the evaporator where it will pick up 
more heat from the indoor air. While earlier systems used ammonia as the refrigerant and 
water as the absorbent, newer systems use water as the refrigerant and a non-toxic lithium 
bromide salt solution as the absorbent. The lithium bromide cycle occurs in a vacuum, giving 
water a very low boiling temperature. 
 
Absorption chillers may be installed in any location where water or brine with temperature 
above 4 oC to 5 oC is the chilled fluid. 
Heat rejection by cooling water is possible and Natural energy or waste heat is available and 
competitive. 
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Absorption cooling offers more advantages over vapour-compression systems. The first and 
foremost is the absence of an ozone depletion refrigerant. The greatest advantage is the low 
cost of natural gas as compared to electricity costs for large chillers. 
 
Economic and reliable cogeneration installations with absorption chillers in Germany are 
found in: 
• Exhibition Munich,  
• Bertelsmann Gutersloh, in operation since 1989,  
• Wincor-Nixdorf Paderborn, in operation since 1983,  
• Karstadt Essen,  
• Hospital Plattenwald Bad Friedrichshall, in operation since 1997,  
• BGU Hospital Frankfurt, in operation since 1994, etc. 
 
A typical example of district cooling cogeneration is installed at the Duquesne University 
USA, is given below. 
 
Absorption Chillers Provide Campus Cooling in Total Energy Application 
Duquesne University in Pittsburgh USA features one of the most comfortable urban 
campuses in the country, where over 9,700 students are enrolled in a wide variety of studies, 
both in undergraduate and graduate levels. 
 
The Duquesne University energy project evolved in the mid-1990's as the university 
confronted a situation of aging chillers at dispersed building locations. These chillers utilized 
chlorofluorocarbons (CFC's) and because of low efficiency, were contributing to rising 
electric energy expense. The university looked for solutions for both of these problems.  
 
So, Duquesne University has explored comparatively new territory with the installation of a 
campus-wide cogeneration system. This system provides nearly all required campus electric 
service and routes turbine exhaust heat through a heat recovery steam generator (HRSG) that 
functions as a boiler. In this way it provides steam for campus district heating as well as 
supplying steam to absorption chillers for the campus chilled water system. Thus the 
university secures full value from the natural gas energy that supplies the turbine generator.  
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New cooling towers at Duquesne University 

 
The next step was the development of the Energy Centre, which encompassed the 
cogeneration facility as well as the system operations centre and the monitoring points for the 
gas and electric interconnections. At this location, central electric generation is by a five-
megawatt gas turbine manufacturer by Solar Turbines, Inc. This level of generation meets 
about 95 percent of the needs of the university. The school maintains an interconnection with 
the electric utility for the remaining requirements and as a system backup. No power is sold 
back to the utility and the turbine is controlled to meet native load only.  
 
The exhaust steam from the turbine enters a diverter valve where it is either exhausted to the 
atmosphere or, more commonly, directed to the steam generator. The steam generator has a 
nominal steam capacity of 23,000 pounds per hour of 125 psig saturated steam at 350° F. In 
addition to the heat recovery steam generator, steam can be produced by three 600-
horsepower Johnston fire-tube boilers. These supply system steam when the turbine is not 
running for any reason, as well as when additional steam is needed for peak heating 
requirements.  
 
In addition to the campus steam heating system, the steam also feeds two 750-ton and one 
1050-ton Trane Horizon® two-stage steam absorption chillers. The chillers feature the latest 
technological advances in absorption chiller design including microprocessor controls, anti-
crystallization logic and variable speed refrigerant pumps for maximum efficiency and 
turndown capability down to 10 percent of capacity. This permits close cooling load-
matching on a daily and seasonal basis.  
 
Advanced chiller technology 
The chillers are provided cooling water by a new four-cell cooling tower. The tower handles 
cooling flows up to 9,200 gpm. There is provision for an additional tower cell to handle 
future expansion. The cogeneration system was designed with several other provisions for 
future expansion. This includes a central chilled water piping system sized for 3,300 tons of 
cooling, a mounting pad for an additional chiller, and bases and piping ready to accept extra 
chilled water and condenser pumps.  
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Chillers were installed on the sloped floor of a previous parking area 

 
In all, over $9.5 million was invested in the project. Construction began in February 1997 
and the facility went into commercial operation on November 1, 1997.  
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