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ABSTRACT

 Cogeneration is a very important tool for saving primary energy, 
avoiding network losses, and reducing emissions, in particular of green-
house gases. In addition, effi cient use of energy by cogeneration can 
contribute positively to the security of a nation’s energy supply and to 
the competitive situation in both the private and public sectors of the 
energy market. For this reason, the Hungarian Ministry for Economy 
and Transport enacted legislative motivations for the implementation of 
combined heat and power (CHP). As a result of this legislation, power 
grid administrators have been obliged since January 2003 to purchase, 
at a subsidized price, electricity produced by cogeneration plants. The 
legislation of the Ministry heavily infl uenced energy investment, and 
implementation of CHP units with gas engines, which were the most 
successful energy projects in Hungary in the last few years.

This article:
• introduces the Ministry mandate to purchase cogenerated electric-

ity at a subsidized price
• shows the infl uence of the mandate on investments
• reviews changes, reasons, and market reactions chronologically 

from instatement of the mandate
• shows the results of an economic analysis of a selected project.

*This research was supported by the Hungarian National Science Foundation (OTKA) 
project T046339.



40 Cogeneration and Distributed Generation Journal 

CHP SUPPORT SCHEME IN HUNGARY

 The obligatory purchasing and subsidization of the price of electric-
ity generated in combined heat and power (CHP) plants with nominal 
electricity output between 100 kWh and 50 MWh has been in effect since 
January 2003 [1].
 The purchase of cogenerated electricity is required if the electricity 
is generated in expansion turbines or in CHP plants based on municipal 
waste, geothermal, solar, wind, biomass, biogas, or hydroelectric energy 
sources.
 Figure 1 shows the difference throughout an average winter day 
between the subsidized price of electricity from cogeneration sources 
and the wholesale price of electricity in the year 2006.
 Table 1 shows the subsidized price of CHP electricity generated 
during the period of February 1, 2003 through July 17, 2004. The data 
shown takes into consideration CHP plants where nominal electricity 
output is under 6 MW or where output is under 50 MW, the energy 
source is natural gas, and waste heat is supplied to the district heating 
(DH) system. The price change is affected by the change in gas prices. 
The peak and off-peak periods (central European time) are shown in 
Table 2.

Figure 1. The wholesale price of electricity and subsidized price of 
cogenerated electricity* [2].

*Excluding direct taxes:
— The rate of the value-added tax (VAT) from among the direct taxes, starting from 
1/1/2006 is 20%.
— The rate of the so-called Energy Tax, introduced on 1/1/2004 is 186 HUF/Mwh (84.55 
US$cent/Mwh) and is also subject to VAT. (The Energy Tax shall not be paid by residential 
customers.)
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 The required purchase of cogenerated electricity from plants where 
nominal output was between 100 kW and 50 MW and the yearly aver-
age effi ciency was higher than 65% was in effect until July 17, 2004. In 
the case of cogeneration plants using gas engines, the monthly average 
effi ciency needed to be higher than 75%. An electricity producer needed 
to state at the beginning of the year that its average effi ciency would 
meet the requirements set forth by the Ministry’s legislation. There were 
no further requirements for a plant to become a subsidized producer.

THE RESULT OF THE OBLIGATORY PURCHASING OF
COGENERATED ELECTRICITY

 The order of the Ministry signifi cantly infl uenced energy invest-
ment, making implementations of CHP units with gas engines the most 
numerous new energy projects in Hungary in the past few years. Figure 
2 shows the increase in the cumulative nominal power output of cogen-
eration gas engines that resulted from the Ministry’s subsidization.
 The total demand and production of electricity in all of Hungary 
are shown in Figure 3 for an average winter weekday. As can be seen 
from these fi gures, demand for electricity drops in the early morning 

Table 1. Price of electricity generated in CHP [2]

Table 2. The peak and out of peak periods

Saturday and Sunday are out peak periods (
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hours. As a result of the required purchase of cogenerated power, and 
free-market forces, nuclear power stations should decreased their output 
during the early morning period.
 To rectify this situation where the output of nuclear power 
plants varied, the Ministry of Economy and Transport established a 
new variable subsidized price schedule, where the subsidized price 
of cogenerated electricity varied over the course of the day for an ad-
ditional period between 3 a.m. and 6 a.m. The new rate schedule was 
set so that the average price of subsidized electricity did not change, 

Figure 2. Sum of cogeneration units with gas engine, yearly installed 
in Hungary

Figure 3. Electricity demand and supply at wintertime work day in 
Hungary in year 2003. [3]
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but during the so called deep valley period, the subsidized electricity 
price was set lower than the price of the fuel burned in the CHP plants’ 
gas engines. The revised price structure, effective since July 17, 2004, 
is shown in Table 3.
 These changes to the price schedule of subsidized electricity had 
the desired results. After the changes took effect, one half of CHP plant 
owners decreased their electrical power output during the deep valley 
period, when their fuel cost was greater than their income, and the other 
half shut down their engines for those three hours. These changes al-
lowed large nuclear power stations to maintain a constant electrical load 
around the clock.
 Figure 4 shows electricity produced in cogeneration plants today 
and that expected to be produced in the future.
 Comparing the average electricity price at the free market rate (10 

Table 3. Feed-in price of electricity generated in CHP after establishing 
the deep valley period [2]

Figure 4. The electricity, generated in cogeneration nowadays and as 
expected in the future [4]
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to 12 HUF/kWh) with the subsidized price of cogenerated power, one 
can conclude that total subsidies paid by the state on CHP electricity 
are signifi cant. Figure 5 shows the total paid in electricity subsidies by 
the Hungarian government, in billions of HUF, in previous years and 
as projected for the year 2005. With these subsidies it is possible to 
infl uence energy investment and decrease environmental pollution, but 
unfortunately it costs about 0.60 HUF/kWh for each consumer.

Figure 5. Electricity produced by cogeneration and subsidies paid [4]

ECONOMICAL ANALYSIS OF A COGENERATION UNIT PROJECT

 A CHP gas engine was installed in a hospital, and the economics 
of the installation was analyzed. In a hospital, heat consumers include 
the swimming pool, thermal baths, domestic hot water system, and in-
door heating systems. The swimming pool requires 40 kW to maintain 
the temperature of the water during the day. At night, water is purged 
from the swimming pool and replaced with fresh water, and 220 kW 
are required to suffi ciently reheat the pool. The heat load of the thermal 
baths is 25 kW throughout the day. The heat requirement for domestic 
hot water, needed for showering, kitchen use, etc., is 170 to 360 kW, 
depending on demand. Heat demand at the dimensioning outdoor tem-
perature of -13°C is 1,794 kW today, but in the near future will be 3,595 
kW. In Figure 6, the heat demands of 1,900 and 3,800 kW correspond to 
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an outdoor temperature of -15°C. These fi gures are valid when designed 
cooling demand is 360 kW.

Figure 6. Heat demand versus outdoor temperature

 Pre-existing heating sources at the hospital in question consisted of 
two hot water boilers with nominal heat outputs of 2,300 kW and 3,500 
kW. Cooling at the hospital is done by compression chillers. The total 
heating and cooling demand of the hospital depends on the outdoor 
temperature, as shown in Figure 6.
 A heat duration diagram showing the expected heat demand, 
shown in Figure 7, was constructed based on long-term outdoor tem-
perature data collected between the years 1900 and 2000. The diagram 
shows the total yearly heat demands of each heat consumer in a hospi-
tal. The heat demand of the swimming pool has two totals: one for the 
daytime and another for the night.
 On the diagram is also shown the expected yearly total heat 
consumption of hospital heat users. Expected energy consumption for 
indoor heating was calculated for an indoor temperature of +22 °C and 
an outdoor temperature of -15°C. The fi gure of 16,720 GJ demanded 
for indoor heating per year was calculated based on records of gas 
consumption of the hospital’s boilers and an assumption of 88% av-
erage heat supply effi ciency (90 % boiler effi ciency and 2% losses in 
boiler house). Total yearly expected heat consumption will be 25,000 to 
45,000 GJ, depending on the addition or expansion of consumers. The 
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expected heat requirement for absorption cooling is about 2,130 GJ per 
year. Analyzing the heat duration diagram, one can conclude that a gas 
engine for cogeneration with ~ 1 MWt nominal heat output would be 
suitable for use with this system.
 An investor assessed the business potential of cogeneration at the 
hospital and decided to install a CHP unit to supply heat to the hospital. 
The investor entered a 10-year heat supply contract with the hospital and 
a long-term contract with the utility company to purchase electricity.

The nominal data of the selected gas engine are:
• Electric power output 1,064 kW
• Thermal output 1,157 kW (+/- 8%)
• Natural gas consumption 274 gNm3/h
• Exhaust gas temperature 427 °C
• Exhaust gas fl ow rate (wet) 4,495 gNm3/h
• Exhaust gas mass fl ow rate (wet) 5,680 kg/h
• Exhaust gas fl ow rate (dry) 3,986 gNm3/h
• Exhaust gas mass fl ow rate (wet) 5,259 kg/h
• Cooling water fl ow rate 49.7 m3/h
• Cooling water temperature 95/75 °C

Emissions:
• NOx ≤ 500 mg/Nm3

• CO ≤ 650 mg/Nm3

Figure 7. Heat duration diagram
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 There are two sources for heat output from the gas engine: the 
cooling system of the engine and exhaust gasses. Heat ex-changers for 
the engine cooling system and exhaust gasses are connected in series. 
The engine cooling system uses a pump that circulates water through 
the system at a constant volumetric fl ow rate. The connection of the 
cooling system to the heat supply system is shown in Figure 8.

Nominal parameters of the compression chiller are:
• Cooling output 250 kW
• Cooling medium (water): 7/12 ºC
• Hot water temperatures 95/75 ºC
• Hot water mass fl ow 15 400 kg/h

 The heat utilized from the gas engine is shown in Figure 9 as a 
portion of total heat demand.
 Because the electricity price during the early morning deep valley 
period is lower than the cost of natural gas, operation of the gas engine 
is effective only 21 hours daily. For this reason, the total thermal output 

Figure 8. Connection of cooling system
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shown in Figure 9 is not the nominal thermal output of the gas engine, 
1,157 kW, but instead its 21/24 output, 1,012 kW. One month yearly of 
standby is calculated into this fi gure for maintenance of the engine. The 
utilized heat from the gas engine will be 15,963 GJ per year. The heat 
utilization of 14,686 GJ/yr, also shown on Figure 9, is 8% less.
 Heat consumption for the summer was calculated based on the 
data shown in Table 4.
 The economic impact of this project is similar to the two district 
heating CHP investment projects, summarized in Table 5 and Table 6.

SUMMARY

 This article showed that with legislative measures it is possible to 
infl uence energy investments. Obligatory purchasing and price subsidi-
zation of electricity generated in CHP plants caused the installed power 

Figure 9. Heat, utilized from gas engine, with respect to the heat dura-
tion diagram of the hospital.

Table 4. Heat consumption calculation for the summer
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capacity of CHP plants in Hungary to in-crease by almost 500 MW in 
the last fi ve years. CHP units were established as heat sources in district 
heating systems, in hospitals and other communal buildings. Installing 
CHP units in district heating systems was signifi cant because in 96 
Hungarian cities, more than 640,000 fl ats are heated by district heating, 
about 200,000 of those in the capital, Budapest. The heat consumption of 
district-heated public buildings, including schools, hospitals, and other 
public buildings, is over 50 PJ/yr. These investments in CHP plants 
caused a signifi cant reduction in greenhouse gas emissions.
 This article also pointed out mistakes in the formulation of the 
Ministry decree. The infl uence of the obligatory purchasing of CHP 
electricity was not fully analyzed before the measure passed. As a result, 
the establishment of CHP units infl uenced the electricity production of 

Table 5. The economic impact of the installation of CHP units in a dis-
trict heating system with two gas engines.

Table 6. The economic impact of the installation of CHP units in a dis-
trict heating system with three gas engines.
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other, already established power plants, and the decree therefore had to 
be changed one and a half years after it took effect.
 The article also showed an example of the infl uence of legislative 
measures on CHP installations, demonstrating that similar decrees can 
be passed to motivate the implementation of power generation from 
renewable energy sources in the future. The les-son learned from this 
decree is that the broader infl uence of future measures should be more 
carefully analyzed before their implementation.
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