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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, efficient 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 benefits 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.

e Optionl1P=2x6=12MW,
o Option 2 P =3 x 6 = 18 MW __
e Option3P=4x6=24 MW,

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

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

HUF/KkWh | US$/MWh | % in Total

Energy Energy Price 13.00 68.42 60.76
Trader
System System Operation Charge 3.12 16.41 14.57
Operation System Service Charge 0.67 3.54 3.14
public Transmission Charge 1.07 5.65 5.02
Local Distribution Charge 0.80 4.21 3.74
Distributor
Intermediary | IC Transmission and Line 1.40 7.37 6.54
Company Cost
(IC) IC Profit & Other Costs 1.33 7.01 6.22

Sum Total without VAT 21.39 112.6

* Excluding direct taxes

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

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

e 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 MW, 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-
fluenced somewhat by weather, but in the economic analysis, nominal
performance appears adequately precise.)

ECONOMIC ANALYSIS

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

U 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 fixed and
variable costs has its benefits. Fixed costs can be predicted based on
investments and annual fixed 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 fixed cost of different

options.
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Figure 2. Composition of annual fixed cost
Figure 3 shows the composition of the variable costs.
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Figure 3. Composition of annual variable costs

The economic analysis was done by two methods, in each case
with sensitivity analysis.
1. In the first case with yearly fixed and variable cost and the assumed
heat cost, the specific 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 specific cost of electricity was calculated assuming different
prices for steam. Table 3 shows the specific 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$/Q]J), resp. lower by 10%
1,694 Ft/GJ (8.92 US$/GJ) resp. 20% 1,506 Ft/GJ (7.93 US$/G]).

Table 4 shows the specific costs of electricity generated in the CHP
plant if the investment cost varies by + 20%.

Table 5 shows the specific 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$/G]J).

SPECIFIC COST OF STEAM GENERATION

The specific cost of steam was calculated assuming different elec-
tricity prices. Table 6 shows the specific 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 first 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 infla-
tion. Table 8 shows the inflation rate, estimated natural gas and electric-
ity price changes, and indices over the next few years.

It was assumed that the financing of the CHP plant will be 25%
from the owner’s sources and 75% from a loan. The loan was fixed 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 benefit 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 benefits, implementation of the CHP
plant could significantly reduce in greenhouse gas emissions.

References

[1] Decree of the Ministry of Economy and Transport No. 56/2002. (29. XII.)
GKM on the rule and price of electricity, subject to compulsory takeover,
issued in Magyar Ko6zlony.



Cogeneration and Distributed Generation Journal

78

UL (23 vy 98Ty Wit Twie w67 [tile  [ee5C  [§we 6wtz Jesot 6161 65L1 £9 1 63 061 igadiay]
0 PUSFIAI]
TEL y3Y TEr Y 98TV VeIV Wie  |vs6C  |tiLT  [g6sC__ |6wC LT ¢80T 6161 6¢L 1 €09 1 68 061 UOTRXe] 194 190rd
v 18 w8 918 681 865 €95 43 3 o7 S 16¢ [ 3 3 041 0 ELEEER
w3t v S s 701 ¢ 567 6Lt |LISE  |ooce  |ls0¢  |ossz  |z9¢  [swt _ |vsLt  [w60T  [8051 901 081 UoTwXe] 91038 WOI]
0 0 0 0 [ i 53 61 [ 53 &E [ 3 (=3 709 vE9 061 T5ord POWRUY SR
0 3 [ 0 1866 666 666 566 666 666 666 666 666 666 666 [ 0 Frd 5o
Vi3l s Lzs Wi ¢ £E6Y 1LLE  |7i9e  |sve  |eose  [s91E€  |9L0E 1687 |9LC _ |ee9C  |01ST |66 1 ] Ogwad Bugessdo) L1a3
1 [ 0 0 0 666 666 666 666 665 666 666 666 565 666 [ 0 HoneaIda|
VST 5w s s 015 12 LY 110y |ikhy  |80Ev  |v91v  |vcO¥ |68t [SSLE  |Ce9E 605 (6691 F] VAU
TI90T 108907 |0500z  |Z8v el |v6si  |sovel  |e68L1  [16L Ll [€0691  [Oew9l  |e9651 lcesl 88061  fso9wl  |oTwl w69 10 595U3dxe BUTvIad0 W0 |
CevEl |09z |8tz |oecve  |viser  |sLisr  |eosie |ev81C [LICIZ_ |vesOZ_ w6661  |iiw6l (w881  [£6781 |voril  |€798 |0 G4 5405 P10 L
¥eoz €207 7700 1202 00T 610z | 810 | L0z | 910z | sioz | #ioc | €l | 2ioc | 110z | OWT | 600z | 800 $SOO womans Ty d

¢ uwonndQ 3y} Jo uone[resur ) jo Pedwr >rwouodd Yy, ‘0L dqeL
0L ZLe6 [c906 L% A EE ®16  [308¢ e Hi A VP A 706 1 9 T RN
0 PUHAI]
700 L 56 906 [ A 965 9 19 08 wvs |eits  |dLy L EAC A 706 1 w9 T Borervy 2oye 10id
[ 8L 7} g1 A Al LT 501 1 5601 vi6 016 3 A beo (23 [54] (] Prd9q 019 |
%£8 S11_ [6eo1_ |uwoi [v98 T8LL L 7169 967 9 1306|1895 96§ Visy T196¢ A 9L - UoTXe) 910399 W0
@ [ 0 ] w o1 £3 SiE 3 719 6L e 706 7901 €96 oL 3 Tgoi0 vy WN|
1] 0 ] [] LT 9£8 1 0cg 1 %8 1 = 268 1 €S 1 e8] €8 1 LLET 216 0 0 pred jeataqm]
%£8 i1 [ei01_ |fwol [SKE 6L [ 6L 1669 6699 oWy Wiy 913§ vZ0§ B3 Tis | 0 (god Supeaedo) 116
0 0 [ 0 I Ell %81 31 953 1 %81 %681 0e8 1 %3 1 LT 16 1] 0 voneneideq]|
) 11 {16L01 _ [Lvor__ [v@0l__ [9L6 v 6 Eil3 1283 Vs 8 1528 UsL TiZL oF S Piv [ 0 vaug
A K R A A T A G s A 7 A (A A A 720 (A T T (A () Fesveds Bunniado M10])
FACEE IR L A A i - A X 2 A T A Y T 4 A 45T I S0 A4 8998 P10
VZoz | €200 (273 iz | 0wk 6100 8I0c | LIz | 9ioc | sioc | rioz_| Eiog TIe oz | 012 600C 8002 S Mowass TR d|

1 uwondQ 3y} Jo pedur >rwouodd Yy, ‘6 [qeL



Vol. 23, No.1 2008 79

6,0

- — Base case

5 5.8 A — -Base case =10%
Z 50 . - - -Base case —20%
=) - Expected value

g5

A
24 \‘ ——
1

$ 3,0
e

)
;.42'5 1/——.__,¢
220 = Teet T

1,5
1,0 +
205
0,0 T T T T T T T T T T

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

bt - Serv

Figure 4. Change of the DSCR

—
N
—

www.eh.govhu — Home Page of the Hungarian Energy Office.
Feasibility study for implementation of CHP unit in a chemical plant

—
Y
[t}

ABOUT THE AUTHOR

Albin Zsebik, PhD, PE, CEM, studied at the Czech Technical
University, Prague (1968-70) and at the Technical University of Budapest
(1970-74). He prepared his MSc thesis at the Moscow Energy Institute in
1974. He received his Ph.D. in energy engineering from the Hungarian
Academy of Sciences in 1982.

Dr. Zsebik worked at the Research Institute for Energy in Bratisla-
va, Czechoslovakia, at the Technical University of Budapest, Hungary,
and at the Research Institute for Energy at Bratislava, Czechoslovakia.
He is employed at the Budapest University of Technology and Econom-
ics, Hungary. Dr Zsebik has lectured on district heating systems, and on
systems and control engineering.

Dr. Zsebik is CEO and manager of the Energy Consulting Com-
pany “JOMUTI Kft.” He is editor-in-chief of Energiagazddlkodds (Energy
Management, ISSN 002-0757). He is the secretary general of the Scientific
Society of Energy Economics. He also serves as the assistant director for
International Member Development for Central & Eastern Europe in the
Association of Energy Engineers (AEE) in Atlanta, GA, USA. In 2004,
Albin Zsebik was elected into the AEE Hall of Fame. Albin Zsebik may
be contacted at zsebik@energia.bme.hu.



