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ABSTRACT

 Cogeneration is a very important tool for saving primary energy, 
avoiding network losses, and reducing emissions, in particular 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, and because of Hungary’s electricity price struc-
ture, companies with large electricity and heat consumption, or with the 
possibility to sell electricity or heat, are considering the technical and 
economical benefi ts of implementing local combined heat and power 
(CHP) plants to supply energy for their technology processes.
 This article introduces the Hungarian electricity price structure, 
and shows the results of a feasibility study for implementation of a CHP 
plant.

THE ELECTRICITY PRICE STRUCTURE

 Table 1 shows the electricity price structure in the case under con-
sideration. One can see that the wholesale (energy) price is ~60% of the 
total energy price. The rather large percentage of supplemental costs is 
for the system operator, local distributor and the intermediary company 
(IC) motivated consideration of a local CHP plant. The target of the 
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plant’s nominal electricity output was to satisfy existing and anticipated 
electricity demand of the process. Because the neighboring company has 
high steam demand, (120 – 170 tons/hr), the feasibility study assumed 
that the steam produced in parallel with electricity would be sold for 
their technical processes.

THE ELECTRICITY DEMAND

 Considering the current 10-12 MWe continuous electricity capacity 
needs, the signed letter of intent to implement the next power genera-
tion unit (~8.7 MWe), the intention to build up some reserves, and the 
eventual sale of electricity for IC, three base scenarios of CHP plants 
were analyzed.

• Option 1 P = 2 x 6 = 12 MWe

• Option 2 P = 3 x 6 = 18 MWe_
• Option 3 P = 4 x 6 = 24 MWe

 The price of the gas turbine-generator sets with ~6 MWe nominal 
electric capacity were calculated based on the price offers received.

Table 1. The electricity price structure in the considered case* [2]

• The rate of the value added tax (VAT) from among the direct taxes since 1/1/2006 is 
20%.

• The rate of the Energy Tax, introduced on 1/1/2004 is 186 HUF/MWh (84.55 US$cent/
MWh)

• Using 190 HUF/US$ exchange ratio
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THE CONCEPTUAL SCHEME OF THE CHP PLANT

 The electricity demand reviewed above and the opportunity of 
selling the heat favors electricity production by gas turbine with a heat 
recovery steam boiler. The schematic of a 6 MWe nominal output unit 
can be seen in Figure 1. The 1st option analyzed is built up from two 
similar units, the 2nd option from three, and the 3rd from four.
 It is practical to connect the unit’s electricity output to the 6 kV 
electric network at the nearest transformer, and the steam output to the 
steam network of the IC at the nearest appropriate point to the CHP 
plant. For the individual units a common condensate collector and 
make-up water system (boiler feed water and TW storage tank) were 
considered.

PLANT OPERATION OPTIONS

 While developing the plant operation options, it was assumed 
that the electricity generators run under equal operating conditions at 
nominal performance. The difference between the three options is their 
nominal output only. Table 2 shows the energy production, assuming 
8,400 hr/year operation at nominal output. (Gas turbine output is in-
fl uenced somewhat by weather, but in the economic analysis, nominal 
performance appears adequately precise.)

ECONOMIC ANALYSIS

 The fi rst costs of the analyzed options were:
1 US$ = 190 HUF (Hungarian forint)

• Option 1—2,530 MHUF (13.32 MUS$)
• Option 2—3,580 MHUF (18.84 MUS$)
• Option 3—4,650 MHUF (24.47 MUS$)

 Division of the energy costs arising in CHP plants into fi xed and 
variable costs has its benefi ts. Fixed costs can be predicted based on 
investments and annual fi xed cost. Variable costs are connected to fuel 
consumption and maintenance costs, depending on operating time. 
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Figure 2 shows the composition of the annual fi xed cost of different 
options.

Figure 2. Composition of annual fi xed cost

 Figure 3 shows the composition of the variable costs.

Figure 3. Composition of annual variable costs

 The economic analysis was done by two methods, in each case 
with sensitivity analysis.
1. In the fi rst case with yearly fi xed and variable cost and the assumed 

heat cost, the specifi c cost of electricity was calculated.
2. Next the dynamic models for 10 years economic life and 15 years 

technical life were analyzed for the economic results of invest-
ment.
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 It was assumed, that by August 2007, the decision to implement 
would be made, and the 1st option can be put in operation at the begin-
ning of July 2009.

SPECIFIC COST OF ELECTRICITY

 The specifi c cost of electricity was calculated assuming different 
prices for steam. Table 3 shows the specifi c costs of electricity generated 
in the CHP plant, if the assumed steam price is equal to the existing 
natural gas price of 1,882 HUF/GJ (9.91 US$/GJ), resp. lower by 10% 
1,694 Ft/GJ (8.92 US$/GJ) resp. 20% 1,506 Ft/GJ (7.93 US$/GJ).
 Table 4 shows the specifi c costs of electricity generated in the CHP 
plant if the investment cost varies by ± 20%.
 Table 5 shows the specifi c costs of electricity generated in the CHP 
plant, if not only the steam price, but the natural gas price is varied by 
± 20% from the base price 1,882 HUF/GJ (9.91 US$/GJ).

SPECIFIC COST OF STEAM GENERATION

 The specifi c cost of steam was calculated assuming different elec-
tricity prices. Table 6 shows the specifi c costs of steam generated in the 
CHP plant, if the assumed electricity price is equal to the existing elec-
tricity base price, 21,394 HUF/MWh (112.6 US$/MWh) resp. lower by 
10% 19,255 HUF/MWh (101.34 US$/MWh) resp. 20% 17,329 HUF/MWh 
(91.21 US$/MWh)

PAYBACK PERIOD, NPV AND IRR

 Based on the fi rst costs, the simple payback period, and internal 
rate-of-return (IRR) were calculated. The simple payback period for 
Option 1, depending on the electricity and natural gas prices, is ~5 - 10 
years. A realistic payback period is 6.7 years. For other options, it is a 
bit lower. With 15 years of operation, the internal rates-of-return of the 
estimated options are in the range of 29 to 33%. The net present values 
(NPV) of investments in the considered options, for 15 years of opera-
tion, and discount rates of 8%, are summarized in Table 7.
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FINANCIAL ANALYSIS OF INFLATION

 The implementation of the project was also considered with infl a-
tion. Table 8 shows the infl ation rate, estimated natural gas and electric-
ity price changes, and indices over the next few years.
 It was assumed that the fi nancing of the CHP plant will be 25% 
from the owner’s sources and 75% from a loan. The loan was fi xed at 
the annual 4.5% EURIBOR, to which was added 1.85% MARGE. The 
cost of credit was calculated as 1%.
 It was assumed that in the case of Option 1, 30% of the investments 
cost will be made in 2008 and the rest in 2009. In the second half of 
2009, the plant will operate. Payment will begin in 2010.
 The economic impacts of the project for a 15-year analysis period 
are summarized in Table 9 and Table 10. Figure 4 shows the change of 
the debt to service ratio coverage (DSCR) for the base case of the invest-
ments resp. natural gas and steam price with the varying electricity price 
(-10 and -20%).

SUMMARY

 This article shows that the implementation of CHP units in the plant 
under consideration could assure economic benefi t for an investor.
 The simple payback period for Option 1, depending on the electric-
ity and natural gas prices, is ~5 - 10 years. The realistic payback period 
is 6.7 years. The payback periods for other options are a bit lower. With 
15 years of operation, the IRR is in the range of 29 to 33%.
 The net present value of investment for 15 years of operation and 
8% discount rate of Option 1 is ~4,513 MHUF (~23.75 MUS$).
 The results show that the liability index in the assumed 10 years 
repayment period with the right reserve is above the required 1.2 even 
if the base data change in the range of ±10-20%.
 In addition to the economic benefi ts, implementation of the CHP 
plant could signifi cantly reduce in greenhouse gas emissions.
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Figure 4.  Change of the DSCR


