AN
8

SP—Z
< STU sk

5| —

t]
Z, 2
% )
&' l S
B &
ORA STANESS

-

SLOVENSKA TECHNICKA
UNIVERZITA V BRATISLAVE

X D TP

Slovenska spolocnost pre techniku prostredia, ¢len ZSVTS, REHVA
Stavebna fakulta STU Bratislava, Katedra TZB

Slovenska komora stavebnych inzZinierov

zbornik prednasok

z 31. medzindrodnej vedecko-odbornej konferencie

VYKUROVANIE 2023

na tému

Energetické koncepcie a bezpecénost
zasobovania teplom

20. - 24. marec 2023

Horny Smokovec

ISBN 978 — 80 —8284 —-006 - 6



SN
8 zZ

e o 00
S I U CSKSIT
e0o o0 o0 é 3
&
o)
g suvf"‘*c‘

REHVA

1

SLOVENSKA TECHNICKA
UNIVERZITA V BRATISLAVE

Slovenska spoloénost pre techniku prostredia, élen ZSVTS, REHVA
Stavebna fakulta STU Bratislava, Katedra TZB
Slovenska komora stavebnych inzZinierov

31. medzinarodna vedecko-odborna konferencia

VYKUROVANIE 2023

Energetické koncepcie a bezpecnost zasobovania teplom

20. - 24. marec 2023
Horny Smokovec



ISBN 978-80-8284-006-6



ull

PRIHOVOR

j ii
LB
1!

31. medzinarodna vedecko-odborna konferencia
VYKUROVANIE 2023

Vazeni kolegovia,
Ucastnici a sympatizanti konferencie Vykurovanie 2023.

Sme velmi radi a teSime sa, Ze uz po pandemickej situacii sa mdzeme konecéne s Vami stretnut,
tento-krat uz na 31. ro¢niku, tejto najvyznamnejsej konferencie v oblasti zasobovanie budov
teplom, ktora bude zameranda na nosnu tému, a to:

"Energetické koncepcie a bezpe¢nost zasobovania teplom".

Nosnou castou konferencie si monotematické semindre na aktudlne témy, sucasne sme
pripravili aj viaceré prezentacie, tak generalnych ako i hlavnych partnerov konferencie,
uskutocni sa vystavka poprednych firiem v predmetnej oblasti, v neposlednom rade mézeme
diskutovat za Ucasti medialnych partnerov pocas kavovych prestavok. S prednaskami vystupi
okolo 100 odbornikov, pricom ich prispevky budu publikované v takmer 500 strankovom
zborniku, zaroven 35 poprednych firiem bude prezentovat svoje vyrobky, zariadenia a
technolédgie.

Konferencia uz tradi¢ne ponuka 13 samostatnych semindrov v ramci 5 obsahovo ucelenych
monotematickych dni, suéasne 4 aktualne diskusné féra, zaroven sa udelia ocenenia za
celozivotny prinos v oblasti vykurovania, ako aj cena pre mladého odbornika.

Odborny program pozostava z 5 samostatnych celkov prislichajicich jednotlivym driom:

. Energetika budov

. Progresivna vyroba tepla

. Obnovitelné zdroje energie
. Automatizacia vo vykurovani
o Energetické sluzby

Konferencia je uréena odbornikom z oblasti vykurovania a energetiky budov, projektantom,
prevadzkovatelom, investorom, zastupcom bytovych druistiev a podnikov, spolocenstvam
vlastnikov bytov, predstavitelov statnej spravy, skolstva, vedy a vyskumu.

TesSime sa na prijemné chvile pocas 31. ro¢nika konferencie VYKUROVANIE 2023.

Prof. Ing. Dusan Petras, PhD.
odborny garant konferencie
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Abstract

Globally, 1.3 trillion tonnes of municipal solid waste is generated each year, equivalent to 180 kg per
person per year. This is expected to rise to 2.2 trillion tonnes by 2025. In developed countries such as
the European Union and the USA, this figure is significantly higher. According to the EU regulatory
framework, the most efficient waste management methods are prevention, recycling and energy
recovery. The worst option is landfilling of municipal solid waste due to space requirements, aesthetic
and environmental impacts, and the release of unused methane from decomposition into the
atmosphere. The GWP of methane is twenty-five times that of CO2, making it a significantly bigger
problem for global warming. In addition to environmental impacts, reducing energy dependency has
recently become a major concern for European countries due to the Russian-Ukrainian war, which has
led to severe gas price increases and security of supply problems.

In the framework of this study, | have carried out an economic analysis of the establishment of a second
incineration plant in Budapest, taking into account the evolution of international gas prices.

1. IMPORTANCE OF THE INSTALLATION

In the course of the study, | examined the establishment of the second waste-to-energy plant
in Budapest, HUHA 2. Based on a previously prepared siting study by F6tav, | chose the site of
HUHA 2 in South Pest, near Ocsai road. [1] The power plant to be installed was compared with
the Kelenfold, Kispest and Csepel power plants, which currently supply the area of installation,
from the point of view of economy and return on investment. These plants are all gas-fired
plants and therefore the basis of comparison was also a gas-fired plant. Currently, in Hungary,
most of the municipal solid waste (MSW) generated is landfilled, which raises environmental
issues and goes against EU regulations, so the use of energy from MSW is a profitable activity.
The plant has an annual waste capacity of 230 000 tonnes of MSW, which can be further
increased by the installation of a pre-sorting plant. To achieve this separation, | have installed
a pre-sorter in the plant, which converts the MSW into RDF (Refused Derived Fuel) or SRF
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(Solid Recovered Fuel), greatly increasing its calorific value and thus its quality as a fuel. The
calorific value of MSW ranges from 7.5 to 10.5 MJ/kg, while the calorific value of SRF/RDF
ranges from 19 to 21 MJ/kg. [3] In the documentation prepared for Fétav, the operating
parameters for connection to different heat districts are discussed, of which the connection
to the whole Budapest district heating network is examined below. In this state, the plant
operates as a base-load power plant for most of the year with a thermal output of 55 MW and
a corresponding electrical output of 14.6 MW, which | will use in the following.

HUHA Il HUHA | melletti teriileten vagy Ocsai Gton
budapesti egyesitett h6kdrzetbe termel

2 5 %
£ 8 8

g EL888¢88 8

B N
a B B

“

Other heat

source
wHUMA Il

Heat output [MW]

— N
=
Time [day]

1. Figure: Time — Heat power output diagram of HUHA 2 [1]

2. ECONOMIC ANALYSIS
2.1. Investment Costs

As a first step, | determined the investment costs. Since the value assessment of the study
since 2017 has not been carried out, and the cost of the elements to be included in the plant
is determined by a personal bid, | determined the inflation rate at the time of the study since
2017, which was 25.5%. [4] | then multiplied the adjusted 2017 investment cost prices by the
value of inflation to get the potential investment costs today.

2.2. Annuities

Once the investment costs have been determined, | have calculated an annuity for the
investment, which allows me to determine the costs projected for each year of operation. For
the annuity calculation, | set the inflation rate at 7%. The reason for this was that, although
the current inflation rate will exceed 9% in May 2022, it is unrealistic to use this rate for the
whole 20-year lifetime. | have taken the nominal interest rate to be 5%. | split the investment
into an equity part and a debt part, which | then adjusted for inflation over the 20-year period.
The annual return thus obtained, adjusted for inflation, was determined for each year of
operation. | carried out the same steps for the own contribution to the investment (excluding,
of course, the interest on the loan) and then summed the values obtained for each year to
obtain the total annuity for each year. There is a HUF 2.5 billion co-payment for the
investment, which would be provided by the investor. In addition, HUF 50 billion would be
provided by the City of Budapest as an investment amount, with the remaining balance to be
covered by borrowing or co-financing.

2.3. Fixed and Variable Costs

For the fixed costs, | followed a similar logic as for the investment costs, adjusting most of the
costs for inflation, such as maintenance, labour, etc. For the variable costs, it was a step more
complicated, as energy prices could not be determined on this basis.
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For transport costs, | calculated the costs based on the change in fuel prices, for electricity
revenues | used HUPX data for the current European market prices, which at the time of
writing the study was €265, which at a currency exchange rate of 380 HUF/€ is 100,700
Ft/MWh. Based on CEEGEX data, | calculated the international gas price, which is 96 €/MWh,
equivalent to 37 240 HUF/MWh.

2.4. Determining the cost of CO; quotes
CO2 quota prices are calculated on the basis of the total energy produced.

My sw

(Eheat,sold + Eelectricity,sold) * 06

Ccoz = *Pcoz
nmsw,cogeneration

Where:
® Ccp2=CO2 quota price [Ft]
® Epeatsola = thermal energy sold per year [kWh/year]
® Egiectricity,sola = annual electricity sold [kWh/year]
o iy gy = specific CO2 emissions from TSZH combustion [g/kWh]
® Nmsw,cogeneration = Cogeneration efficiency of HUHA 2 [-]
® Pco2 = price of the CO; quotas [Ft/t]

To determine the cost of the quota, we first need to know what the specific emissions of the
MSW combustion are.

. _ (1 - a) * fMSW,weight
Mmysw = F

Where:

e o = climate neutrality ratio [-]
* fusw,weignt = specific CO2 emissions of MSW by mass [tonnes(CO2)/kg(MSW)]
e F = calorific value of MSW [MJ/kg]

The value of the climate neutrality ratio is a = 0.5 according to the Hungarian regulations. The
alpha indicates that the part of the energy produced by the power plant is considered to be
renewable energy and thus exempt from CO2 quota prices and emissions.

Specific mass CO2 emissions based on the CEWEP report fyswweignt = 0.9 tonnes
(CO2)/kg(MSW). [5] If the calorific value of MSW is assumed to be 8 MJ/kg, the specific CO2
emission value is My, = 202.5 g/kWh.

We can then give the quota costs we calculated earlier. The quota price is currently 19 760
HUF/tonne (CO2), which is much higher than 5 years ago (5,000 HUF in 2017) and is currently
increasing exponentially. The cost of quotas for the MSW has become HUF 2 806.86 million
per year. The coupled efficiency of HUHA 2 is 80.9% based on the projected electrical and heat
output performances, with 63.9% for heat extraction and 16.9% for electrical extraction.[6][7]
The CO2 quota cost of natural gas-fired power plants can be obtained using the same logic,
and | have assumed a cogeneration efficiency of 0.8 for gas turbine power plants.

| calculated the specific CO2 emissions of natural gas using a stoichiometric equation and
specific heat. Based on these calculations, the specific emissions of gas are 198 g/kWh. The
CO2 emissions of HUHA 2 would be higher than those of gas turbine power plants, with a
difference of more than 20 000 tonnes per year. In reality, the CO2 emissions from the
incineration of HCH would be reduced if the amount of landfill gas released during landfilling
were included, but this is not addressed in this study.
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2.5. Net Present Value and Payback Period

In the net present value calculation, | considered two cases: in the first case, the investment
would be self-financed, and in the second case, the investment would be financed with HUF
50 billion in subsidies and loans in addition to the HUF 2.5 billion co-financing. The calculation
method is as follows:

2 : Lnet
NPV = 1 :er)n — Cinvestment
n

Where:

e NPV =net present value [Ft]

e [, =yearly netincome [Ft]

e 7 =inflation [-]

®  Cinvestment = cOst of investment [Ft]

We can calculate the payback period by measuring where the NPV is zero (NPV=0). In the case

of loans, the net present value of the annual repayments has to be subtracted from the profits,
calculated as follows:

—Cl;;;m *(1+THM)"

NPVipan = (1+1r)"

Where:

o NPV, un = the present value of the loan repayments [Ft]
®  Cioan =sum of the loan [Ft]

e THM = bank interest on the loan [-]

e m =duration of the loan in years [-]

From the credit adjusted subsidised NPV, the present value of the loan repayments over the
life of the loan should also be deducted.

Inet
NPV = — Cinvestment — NPVipan
1+r)n
n

| have assumed a loan term of 15 years and an APR of 0.053 based on the values at the time
of writing the study. Since the investment cost | used is only an estimate and does not include
the recent increase in raw material and labour costs, | also calculated the changes in the
investment cost | calculated to a +30% level and then used these to make the return
calculations. The results are shown below on 2. Figure:

WBase W10% m20% m30% m-10% m -20%

0 h

Without economic aid With economic aid

[vear]

Payback period

2. Figure: Evolution of payback periods with changes in investment cost
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Several cases have the same payback period as shown in the graph. This can be explained by
the sampling interval of the calculation, which measured the data in annual intervals, of
course, measured in months, as gas prices rise each project would pay back sooner.

3. DETERMINIG THE UNIT COSTS

One of the main indicators of the operation and economics of power plants is the unit cost,
which is the amount of money invested to produce 1 kWh of energy. These indicators can be
determined for both heat and electricity supply. The annuity values calculated earlier are used
again here, because these subtotals will give us the annual cost of building the plant with the
loans. After separating the fixed and variable costs, we can now calculate an aggregate unit
cost, which does not yet take into account heat and electricity.

(A + Cfix + Cvariable)
Eheat,sold + Eelectricity,sold

Where:
e f = specific cost [HUF/kWh]

The variable heat costs were determined by taking into account the impacts and power
outputs as follows:

Pelectricity) . (1 _ nelectricity)

Pheat = Pvariable * (1 - p
heat

Nheat
Where:

®  Dheqr = Vvariable heat cost [Ft]

®  Pelectricity = electrical power output [MW]
® Pp.qt = delivered thermal power [MW]

®  MNelectricity = €lectrical partial efficiency [-]
® Theat = heat input coefficient [-]

For the calculation of the variable electricity cost, only the difference between the variable
cost and the previously calculated variable heat cost is needed.

pelectricity = DPvariable — Pheat

To calculate the specific heat costs, | took into account the annuity costs, the fixed costs and
the variable costs calculated above. For the accuracy of the calculation, | have allocated the
investment costs in proportion to the energy produced, so that the actual cost of production
is more apparent.

Petectricit
A+ Cpiy) * (1 - < L ) +
( flx) Pheat + Pelectricity Pheat

fhear =
Eheat,sold

Ahol:
®  frear = specific heat cost [Ft/kWh]

Specific electricity costs are determined using the same methodology. Due to the instability
of the gas market, | have calculated gas prices here too to within £30% of the current case.
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Figure 3 illustrates for us the dependence of the specific heat and electricity costs on the gas
price as a function of the life year. To avoid overcrowding the diagram, | have only shown the
extreme values for the £30% gas price change with the current 'baseline' costs. The diagram
shows a break in the functions at year 5, because, taking into account the averaged installation
time and the investment costs of the three gas plants over an assumed 20-year period, this
depreciation period would end 5 years after the construction of HUHA 2, after which the
investment costs would no longer increase the unit costs.
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3. Figure: Evolution of specific heat and electricity costs with changes in gas prices

The net profit of HUHA 2 from the state's point of view is positively correlated with the gas
price, and the diagram below illustrates how much profit the plant could make depending on
the gas price.

40 000
35 000
30 000
25000
20 000
15 000

10 000

Net profit [MHUF/year]

5000
0

-30-27-24-21-18-15-12 9 6 -3 0 3 6 9 12 15 18 21 24 27 30
Change of natural gas cost [%]

4. Figure: Net profit realised by HUHA 2 as a function of gas prices

4. SUMMARY

In the light of the results presented, it can be concluded that although MSW combustion has
its negative aspects, mainly in terms of the complexity of meeting the requirements, the use
of poor quality fuel and the corrosion problems it causes, it has a huge economic advantage
over gas-fired power plants and many environmental benefits, which are also reflected in the
EU regulations. In conclusion, HUHA 2 would be an economically very fast-returning power
generation unit, dynamically adapting to international prices, which could generate a net
revenue of HUF 25 billion per year for the public administration at the gas prices prevailing at
the time of the study.
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