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Abstract: Due to the constant trend of building wind turbine sets and photovoltaic cells, the so-called
renewable energy sources, it is important to develop a mathematical model that will allow us to
analyse the economic viability of their operation. By using this model, multivariate calculations
should be carried out and developed in the form of universal nomograms that will allow us to
estimate this viability almost on an immediate basis. In this paper, such a model for the unit cost of
electricity production from renewable energy sources is presented. It is based on a continuous-time
Net Present Value notation. The multi-variant calculations performed with it take into account
different subsidy levels and operating time of the renewable energy sources. The paper presents
values of unit costs of electricity production from renewable energy sources and values of maximum
subsidies for this production. It turns out that subsidies are necessary for renewable energy sources
to exist on the energy market. An additional disadvantage is the fact that renewable energy sources
are not able to provide a stable electricity supply throughout the year.

Keywords: renewable energy sources; RES; methodology; specific cost of electricity production

1. Introduction

In recent years, according to the European Union (EU) policy, a growing emphasis
is placed on sustainability and CO, reduction. Thus, alternative energy sources are being
sought to meet the ever-growing demand. Meanwhile, this policy makes electricity prices
higher due to rising fees for emission rights. Emerging forecasts of energy prices indicate a
steady tendency in this regard [1]. Therefore, a number of countries see the opportunity
in renewable energy sources to achieve ambitious low emission targets to stabilize the
energy market [2-5]. The advantage of this solution is inexhaustible resources; however,
the drawback is the specific conditions of energy production, such as limited operation
time during the year, e.g., due to weather or geographical location. These limitations have
an impact on the cost of investment, return on capital, and durability of energy supply [6,7].
In addition, specific regulations of countries and the EU itself, including the policy of
subsidies, the market for CO; emission rights, and the new strategy Fit for 55, play quite a
significant role [8,9]. Extra research efforts are underway to show how to shape the level of
subsidies and additional incentives for investors to meet demand for electricity, while at
the same time to limit the unit cost of energy production to the consumer [10-12].

In order to select an appropriate investment strategy, an appropriate technical and
economic analysis should be carried out on the basis of a mathematical model and the
adopted methodology. The studies in this area can be divided into two directions. The first
one uses discrete notation by means of geometric series to evaluate economic efficiency,
since the discount calculus is essentially a geometric progression. Currently, in many works
we can see the predominance of this direction of research [13-19]. However, these models
require complicated and sometimes tedious calculations or sophisticated optimization
algorithms, making certain assumptions which simplify the model and thus give only
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approximate or uncertain results. The second direction of research used in this paper
is devoid of such difficulties. It is based on the time-continuous notation of economic
measures such as Net Present Value (NPV), Internal Rate of Return (IRR), and Discounted
Pay Back Period (DPBP), and the methodology for building, with their help, continuous
mathematical models to enable techno-economic analysis of any business projects [20-22].
These measures cover the entire planned period of operation of the project, i.e., years of
construction and operation, during which economic effects are expected to be achieved.
Using them ensures taking an effective and accurate investment decision.

The advantage of a techno-economic analysis of the electric power system made with
a continuous model is, among other things, the possibility of specifying which energy
technologies should be invested in. It allows for predicting how the energy market is
affected by the prices of energy components and unit pollution tariffs and how their
values change over time. In addition, this analysis makes it possible to estimate how
the value of the market is affected by the annual operating time of electricity generation
sources, subsidies, the price of CO, emission allowances, and capital expenditures for
modernization.

Statistical analysis of RES power plant cost-effectiveness results, finding probability
distribution, cumulative distribution function, variance, mean value, mode, median, confi-
dence intervals and levels, consistency tests, etc., require the collection of huge amounts of
data for RES power plants. What is more, these data have to be gathered for RES sources
operating in various atmospheric conditions, since depending on these conditions, individ-
ual statistics and their variability measures will differ significantly, e.g., operating times,
investment outlays (at sea they are significantly, even more than three times, higher than
onshore outlays for turbine sets of the same power), and thus, the economical effectiveness
of RES operation will differ substantially. Therefore, the paper presents a mathematical
model in a continuous form, which is extremely important since it takes into account all
possible RES operating conditions and capital expenditures. The continuous model allows
inserting time-varying values for all input quantities. Thus, it allows using differential
calculus to study the course of variation of the RES efficiency function, and thus, it enables
to show the nature of its course, which is impossible in the case of the discrete NPV model
known and used so far. It gives only a numerical value, which obviously does not make
it possible to assess the nature of the course of NPV changes. So far, such a model has
not been formulated by researchers around the world. Thus, the model is completely
innovative, allowing to determine the economical efficiency of RES for absolutely arbitrary
and time-varying parameters and input quantities affecting their operation, as well as for
any time of their operation, any investment outlays, etc. Therefore, it should be once again
explicitly verbis stated that the model presented in this paper makes it possible to show
the nature of the time course of the economical effectiveness values of RES sources and,
extremely importantly, that it is a dynamic model.

2. The Methodology in the ‘Continuous’ Record of the Analysis of the Economic
Viability of Renewable Energy Sources (RES) Operation, Taking into Account the
Temporal Variability of Electricity Generated by Using Them and Their Downtimes

In order to reflect the actual operation of renewable energy sources (RES), a universal
model must take into account not only electricity production but also the time shifts as
well as RES downtimes. Figure 1 shows the actual course of the operation of RESin all T
years of their operation using the staircase function. The revenues S from the sale of the
electricity they generate are therefore, obviously, randomly distributed over years (0, T).
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Figure 1. The staircase function of the actual operation course of a renewable energy source (RES) in
all T years of its operation.

For this actual curve, the total discounted net profit NPV should be determined
(Formula (1)). Other measures of RES operation economic viability, such as IRR, DPBP,
Break-Even Point (BEP), unit cost of electricity production k.j, RES market value, market
value supplied with electricity by RES, etc., are derivatives of the NPV measure [20,23-28].
Therefore, this makes it easier to develop nomograms of the economic viability for RES
operation.

Obviously, only the electric power NSES, the value of revenues S, operating costs
K., and discounted financial outlays ]y for the construction of renewable energy sources
are sufficient as input quantities for the construction of the universal NPV mathematical
profit model. These are the quantities that characterise their economic efficiency. In
addition, this model should take into account the interest rate r of the investment capital
Jo. Then, in multi-variant calculations, a wide range of values of these quantities, as well
as the relations between them, should be used, which will allow us to prepare universal
nomograms, thanks to which it will be possible to immediately determine the economic
efficiency of the RES operation.

2.1. The General form of the Formula for Profit NPV from Operating a Renewable Energy
Source (RES)

Figure 2 presents the general cumulative course of the weighted average operating
costs K3¥2V¢ and revenues S"?'¢ from sales of electricity produced in an RES. It was
prepared on the base of the actual staircase RES operation course shown in Figure 1. The
extreme courses, i.e., the most favourable and the least economically advantageous, are
presented in Figures 3 and 4.



Energies 2021, 14, 7241

40f15

A

Z
— . .
& Sn‘ ave
=
4]

Q

Q
[@)]
o
f= wave
4@ Kt’ ave
]
o

(@]
[0
-
c _ : : _ .
ﬂ_;.‘) downtimes Toupi 1 downtimes !
> ; ;
o4

0 g Time [years] 5 T

Figure 2. Time course of the weighted average operating costs and revenues gained from renewable
energy sources (RES).

The maximum value of years 71 is Timax = T — Texpl, MINIMUM T yin = 0. Ifg =
T min = 0, then it is the most economically advantageous course of the actual RES operation
from Figure 1 (Section 2.1.1). The least favourable course is if 71 = Tymax = T — Texpl

(Section 2.1.2). If, on the other hand, 71 = 0.571 nax = 0.5 (T — Texpl) , then the intervals of

years of production downtimes 77 and T — 1, are equal, and it can be assumed that if it is
not the most likely RES work flow in years T, then it is the most likely, and thus the unit
cost of electricity production k. in RES (Formula (15)) takes the values closest to the most
probable ones.

The general form of the total discounted net profit NPV achieved in the range of years

(0, T) can be expressed in the continuous notation [28] according to Figure 1. Compare
with Formulas (18) and (22):

ky
NPV = /T 2[Swave _K;Nave _F_R-— (Swave _ K;Nave _F— R)p}eirtdt—f—
1

T T
— /0 1(1<§V“e +F+R)e "dt— / (K¥ave + F 4+ R)e " dt+ 1)
T

2

©
+ / Ssube_rt dt,
T

where:

et —backward discounting factor;

Kyave  —cost of operation averaged over the time interval (0, T) resulting from the
staircase function of RES operation (time-varying operating costs K, together
with capital costs Kcap are of course borne in all years T, hence also in those where
revenues S from the sale of electricity are equal to zero, Figure 1);

p —income tax rate for gross profit;

r —the interest rate on investment capital (calculations assumed r = 5%);

Ssub —subsidy to a renewable energy source (RES) from the State Treasury (subsidies

should not take place, they are used by individuals, and all taxpayers must
contribute);
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—weighted average revenue resulting from the staircase function of revenues
from a renewable energy source (RES) operation where the revenue S; is different
from zero, S;#0); Figure 1:

N g.
gwave — Z i, (N—number of time intervals AT;) ()
i=1

—time;

—duration of RES operation expressed in years (the sum of years of operation
Texpl and total years of production downtime; T = 20 years was assumed in the
calculations), Figures 1-3;

—total years of downtime, when renewable energy sources (RES) generate only
operating and capital costs;

—number of full years of renewable energy sources (RES) operation (turbine set
or photovoltaic cell), i.e., when the wind turbine set (photovoltaic cell) works
during T years of its operation for 8760 h/year, i.e., the years when renewable
energy sources (RES) generate electricity sales revenue (Figures 1-3):

N
Texpl = 2T = Z AT, ®3)
i=1

—annual RES operation ratio:
z =T, /8760, 4)

—number of hours per year when renewable energy sources (RES) generate

income from electricity sales (in Polish conditions, the annual operating time

of a wind turbine set is only 74"~1500h/a, while a solar cell operating time is
pv .

T, ~750h/a);

—the number of hours per year (8760 = 365 days x 24 h),

where for renewable energy sources (RES):

Kxe/v ave __ (fsmro + 5pt,ic)]0/ (5)
SWave = 8760NKES (1 — e e, (6)
Ssub = 8760NXE (1 — e¢1)eel subs @)

where:

—electricity sales price;

—a subsidy from the State Treasury for each electric energy megawatt hour
generated in a renewable energy source (RES);

—gross electric power of a renewable energy source (RES);

Omro, Opt,ic—the rate of fixed costs dependent on capital outlays (maintenance and repairs

€el

costs as well as payroll and insurance; the calculations assumed dmro = Jptic =
0.03);

—relative rate for the RES own needs of electricity (the calculations assumed
el = 0.01).

Interest (financial cost) F on the discounted investment capital Jy and instalment R of
its repayment (the sum of F + R is the annual capital cost Kcap of RES operation; of course,
the sum of the annual capital costs Kcap and annual operating costs K, is the annual RES
operating costs K4, K4 = Kcap + K,) are expressed by the formulas [23,28]:

¢  Financial cost (interest on investment capital Jp):

F=rllo—(t-1)R), ®)
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e Instalment of investment capital repayment Jy:

~Jo
-2 )

The investment outlays [y discounted at the moment of starting the renewable energy
sources (RES) operation are expressed by the formula [23,28]:

R

Jo =z, (10)

where:

zf, —the coefficient of freezing the investment capital | during the b years of RES construc-
tion (zg > 1) is [23,28] (the calculations assumed b = 1 year):

(147 —1
= 11
N CES T )
The investment outlays | are represented by the equation:
J=N§Fi [PLN], (12)

where the unit investment outlays (per unit of power) for wind turbine sets and photo-
voltaic cells built on land are described by the dependence:

e

—0.103
i =65 10° x (N [PLN/MW], (13)

while power N‘SES in (12) and (13) is expressed in megawatts (MW).
After substituting Equations (8) and (9) to Formula (1), and after performing the
integration operation, the following is obtained:

(Swave _ ngave _ R)<e—rrl _ e—”T2)

NPV = (1—p){ _(]0+R)<e—rT1 _e—rT2)+

r
+§ e (rTy +1) —e "2 (rTa +1)] } _ (KT Rr><1 —e) L
—(o+R)(1—e7™) + § [1—e M (rm +1)]+ (14)
(K¥ave + R)(e ™2 —e~'T)

- —(Jo+R) (e —e7T)

r
Ssub (e—rTl _ e—VTz)

r

+ § 72t +1) — e T(T+ 1)) +

Of course, if 1 — 0, then NPV — NPV« (Formulas (18) and (19)), and if Ty —
Timax = I — Texpl, i-€., if 2 = T, then NPV — NPV, (Formulas (22) and (23)).

From Formula (14), assuming that NPV = 0, the unit cost of electricity production k|
in RES is calculated (Formula (15)). Then, in Formula (6), the price of electricity e, should
be substituted with cost k.. Obviously, the lowest unit cost, i.e., kegy = ke min, is when
NPV = NPVpax and the highest, i.e., ko] = kel max, When NPV = NPV yn.
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szave + R+ 7’(]0 + R) R[e—rTl (T’Tl + 1) —e M2 (TTz =+ 1)]
kel = 8760NRES 1 o 7 NRES 1 - 2
o (1 —€el) 8760Ng ™ (1 — ) (™™ —e7"™2)

1 wave —r7
+ (1—p)8760NRES(1 — ¢4) (771 — e~772) {(K‘f R =)+

o+ R)(1—¢77™) = R[1 =M 0 + 1))+
K™ R) (e =) £ r(fo+R) (e e )+

_R[e—rfz (rta+1) — e—rT(rT + 1)} — Seub (e—rrl . e—VTz) }

(15)

From Formula (15), assuming that k) = 0, the maximum subsidy e syb max from the
State Treasury is calculated for each megawatt hour of electricity produced in RES. Then,
in Formula (15), the dependence Sy, should be substituted with:

Ssub = 8760N51ES(1 - Sel)eel,sub max (16)
and then:

Ky +R+r(Jo+R)
8760NRES(1 — &)

CRleTM(rm +1) —e "2 (rrp + 1)) }

€el,submax — (1 - P){

+

8760NRES (1 — g¢) (77T — e~772)
N 1
8760NRES(1 — g4)) (7771 — e 772
+r(Jo+R)(1—e ™) —R[1—e ™ (r1y +1)]+
+ (K;Nave + R) (efrrz _ efrT> + 7’(]0 + R) (efrTz _ efrT)

—R {eiﬂ? (rtp+1) —e "T(rT + 1)} }

){(Kwave+R>(1 rTl + (17)

2.1.1. The Highest Achievable Profit NPV yax from Operating a Renewable Power
Source (RES)

Figure 3 presents the hypothetically most advantageous economical course of the actual
operation of renewable energy sources (RES) from Figure 1. This is because it illustrates the
highest possible profit NPV pax from their operation (Formulas (18) and (19)). It is the case
because all annual revenues with a weighted average value S* "¢ are accumulated in the

range of years <O, Texp1>—Figure 3—and therefore, in Formula (14), the factor (1 - e”TeXPI)
discounting revenues S V¢ backwards for the moment 0 reaches its top level. In practice,
the annual revenues of S are randomly distributed in years (0, T)—Figure 1—while profit
NPV from the use of RES, as already mentioned above, takes the value intermediate between
profits NPV pin and NPV (see Formulas (19) and (23)).
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Figure 3. Time-dependent course for the weighted average revenues and the costs of RES operation
for the hypothetically most advantageous variant of their operation.

The total maximum discounted net profit NPV yax achieved in the entire range of
years (0, T) of RES operation is determined from the following equation (see Formula (1)):

Texpl
NPVimax = / [SWave — Kprave — F — R — (S — K}®¢ — F — R)ple " dt+
' 18)
T wave —rt Texpl o
- /T (K} +F+R)e "dt+ /0 Seupe” " dt.

expl

After substituting Equations (8) and (9) to Formula (18), and after performing the
integration operation, the following is obtained:

_ szave ; R) (1 _ e*”’expl) N

Swave
NPVinax = (1 — p){ (

—(Jo+R)(1 —e "ert) + ? {1 — ¢ eyl (rrexpl + l)} }—i—

(19)
W ave —TTexpl __ p,—1T
_ (Ke + R) (er P e ) - (]O + R) (efrﬂ[expl _ e—rT>+
Ry _ _ S 1 — e Texpl
+ 7 [e " Texpl (rTexpl + 1) _e rT(TT—i— 1)} + sub( - ) )

Formula (19), of course, can also be obtained from Formula (14), when time 7 is
substituted with value 7y = 0.

Of course, the condition NPV ax = 0 is used to calculate the lowest unit cost of
electricity production ke min in RES. There are obvious relationships between values NPV
and NPV .« and k. (Formula (15)) and kej min:

NPV < NPVmax, (20)

kel min < kel' (21)
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2.1.2. The Lowest Achievable Profit NPV i, from Operating a Renewable Power
Source (RES)

Hypothetically, the least economically advantageous work flow of renewable energy
sources (RES) is presented in Figure 4. In this situation, the lowest possible profit NPV pin
from its operation is possible to achieve (Formulas (22) and (23)). This is due to the accumu-

lation of annual RES revenues 52V only in the last years of its operation <T — Texpls T>—

Figure 4—as a result of which, in Formula (23), the factor [e_r(T_TQXPI) - e”T] discounting
revenues S* V¢ back to the moment 0 is the lowest.

A

=3
= wave
(al} Su- s
@

Q

Q

(@]
= .
4§ K: ave

[«0]

o

o

G

>3

c _

] downtimes

=
0]
o

0 T'—7, Time [years] T

Figure 4. Time-dependent course for the weighted average revenues and the costs of RES operation
for the hypothetically least advantageous variant of their operation.

The total discounted net profit NPV, achieved in the range of years (0, T) of RES
operation is then expressed by the equation (compare with Formulas (1) and (18)):

T
NPVpin = /
T

~Texpl

TfTexpl " T "
_ /0 (K¥a¥¢ 4 F 4 R)e " di + /T Sepe " dt.

~Texpl

[Swave _K;Nave _F_R-— (Swave _ K;vave _F— R)p}e_rtdt-f—
(22)

After integration, the following is obtained:

(Sw ave __ K;Nave _ R) |:e_r(T_Texpl) _ e*VT}

NPV in = (1 - P){ +

:
(R [T — ] 4

+§ {e—r(T—rexpl) (r(T — Texpl) + 1) —e"T(rT + 1)} }+ (23)

(Kyave 4 R) [1 - e—r(T—rexm}

r

— (Jo+R)[1 =" (T 0] 4

R

e e e Sua ¢ 00 7]
r

r
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Formula (23), of course, can also be obtained from Formula (14), when time 1 is
substituted with value 71 = Timax = T — Texpl, and time 7, is substituted with value
T = T.

Of course, the condition NPV, = 0 is used to calculate the highest unit cost of
electricity production k¢ max in RES. There are obvious relationships between values NPV
and NPV i, as well as kg and kej max:

NPV,in < NPV, (24)

kel < kel max- (25)

The variant in Figure 4, similarly to Figure 3, is obviously a theoretical variant with no
practical significance. However, it had to be shown in order to compare the economical
results obtained for it, along with the results for the most favourable variant presented in
Section 2.1. Both these results represent extreme values for the actual course of the RES
operation presented in Figures 1 and 2.

3. Universal Charts of Unit Costs of Electricity Production in RES

Figures 5-7 show the values of the unit costs k; of electricity production in RES, and
Figure 8 shows the values of the maximum subsidies €] gyp max from the State Treasury for
each megawatt hour of electricity generated in RES, i.e., values ] gy, max, for which the
unit cost kg is zero, ko = 0.

Figure 5 shows the unit cost k| for the situation where the number of years 1; (Figure 2)

takes the following value: 7 = 0,57 max = 0,5 (T — Texpl) . Then, the intervals of years of

production downtime 7; and T — 7, are therefore equal, and thus the years e,y of RES
operation are symmetrically located in the interval of years (0; T)—Figure 2. Of course,
the values of these intervals change with the change in the number of hours 74 of RES
operation per year. The higher the value 74, the greater the number of complete years
Texpl (Formula (3)) and thus the intervals 7y and T — 7, are smaller. However, this does
not change the fact that they remain equal and that the years T are still symmetrically
located. Importantly, it should be considered that the costs k| calculated then are the most
probable, that they are real values, and if they are not, then they are the closest to them.
As shown in Figure 5, the real unit cost of electricity production kg (i.e., with zero
subsidy, of course eg) o, = 0; curves 1, 2, 3) for real values of the number of hours 74, i.e.,
for values lower than 1500 h/a, is very high, much above PLN 600 /MWHh. Therefore, it
is several times higher than the costs k.| obtained for all other energy technologies [28].
For example, for photovoltaic cells with power NX¥ = 1 MW (curve 1 in Figure 5) for
real time 74~750 h/a, this cost is as high as k,~1700 PLN/MWh. Therefore, in order
for RES to exist on the energy market, subsidies from the State Treasury are necessary
for each megawatt hour of electricity produced there. Obviously, the greater the number
of renewable energy operating hours 74 per year, the lower subsidies should be given—
Figure 8. For relatively high values 74 and high values of subsidies e ¢, the costs ke in
Figure 5 are negative. For example, for curve No. 9 ( NgES = 8 MW), this is the case for
values 74 > 1900 h/a. This results from the fact that the required maximum subsidies
€el submax fOT N(SES =8MW and 11 = 0,57 max at T4 > 1900 h/a (curve No. 6) presented in
Figure 8 are lower than the values eg) o, = 400 PLN/MWh, for which curve 9 in Figure 5
was drawn up. The negative costs for RES owners are extremely beneficial, as they already
have subsidies for the electricity they generate, with an excess paid from taxpayers’ pockets.
Therefore, if they gave energy to the power grid even for free, they would make profits
anyway. Of course, this is not the case, and although they sell it at a price of, for example,
only about PLN 200/MWHM, i.e., at a price even significantly below the cost of its production
for any other energy technology, they gain enormous annual profits. Therefore, this is
because of subsidies that renewable energy is said to be cheap, which is not true (sic).
Meanwhile, if it were not for subsidies, the energy from renewable energy sources, being
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many times more expensive than the energy generated in any other energy technology,
would be absolutely unsaleable.

T T T T T T

[y
wv
o
o
-

|

1000+,

500+

Unit cost of electricity production ke [PLN/MWh]

o
T

1000 1500 2000 2500 3000 3500 4000 4500
Number of RES operating hours 14 per year [h/a]

Figure 5. Unit cost of electricity production k| as a function of time 74 for 7 = 0, 5Ty max (1—
NEES = 1 MW, e sub = 0 PLN/MWh; 2—NRES = 4 MW, ¢ o, = 0 PLN/MWh; 3—NRES = 8 MW,
Casub = 0 PLN/MWh; 4—NRES = 1 MW, eqqp = 200 PLN/MWh; 5—NRES = 4 MW,
Celsub = 200 PLN/MWh; 6—NRES = 8 MW egqp, = 200 PLN/MWh; 7—NRES = 1 MW,
Clsub = 400 PLN/MWh; 8—NRES = 4 MW ¢y, = 400 PLN/MWh; 9—NRES = 8 MW,
€elsub = 400 PLN/MWh).

Figure 6 shows the value of the unit cost of electricity production for the most econom-
ically advantageous (in fact unreal) work flow of renewable energy source (RES), presented
in Figure 3, i.e., when the number of years is 77 = 0. So it is the minimum cost value,
kel = kelmin- Figure 7 shows the value of the unit cost for the least favourable course (also
unreal) shown in Figure 4, i.e., when the cost k.| has the highest value, ko = kejmax- It
should be noted that despite the fact that the values kejmin, kel max are unreal, they should
be presented as they show significant cognitive values. They are the extreme values for the
most likely value of the unit cost k of electricity production in RES presented in Figure 5.

Figure 8 shows the values of the maximum subsidy ee] sub max (Formula (17)) for each
megawatt hour of electricity generated in RES. Of course, the shorter the time 74, the
higher the subsidy.
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NEIES =1MW, Cel,sub = 0 PLN/MWh; Z—NglES =4 MW, Colsub = 0 PLN/MWHh; 3—N§ES = 8 MW,
elsub = 0 PLN/MWh; 4_N5E5 = 1 MW, eqeup = 200 PLN/MWh; 5_N5Es — 4 MW,
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Figure 8. Maximum subsidy ee] submax @s a function of time 74, (1—N§ES =1MW, g =0;2—
NEES = 4 MW, 7y = 0; 3—NRES = 8 MW, 7 = 0; 4—NRES = 1 MW, 1y = 0.5T) tpay; 5—NEE =
4MW, 71 = 05T max; 6—NRES = 8 MW 7y = 05T maxs 7—NES = 1 MW, 7 = T pax; 8—
NSES =4MW, 71 = Tmax 9_N,5ES =8MW, 71 = T max)-

4. Summary and Final Conclusions

In conclusion, it should be expressly stated that the unit cost of electricity generation
in renewable energy sources (RES), due to the very high unit costs (per unit of power, see
Formula (13)) of investment outlays (equal to the outlays on power plants with supercritical
parameters of live steam) and their very short annual operation times, is very high. It is
many times higher than the costs obtained for any other available energy technologies [28].
The annual operating time of wind turbine sets in Poland is approx. 1500 h, while the time
for photovoltaic cells is only approx. 750 h (in Germany, the annual use of wind turbine
sets does not exceed 1400 h, photovoltaic cells 900 h [29]; it should be noted that the year
has 8760 h). Only at sea and high in the mountains, the operating time of wind turbine sets
is longer, even more than twice. However, then one should take into account significantly
higher, even several times higher, unit investment outlays as compared with ‘land” outlays
equal to approx. 1.5 € /W—see Formula (13). The outlays for offshore turbine sets range
from approx. 4 to approx. 7 €/W [30]. Therefore, they are even significantly higher than
the outlays amounting to approx. 3.5 € /W for nuclear power plants, where Rankine cycle is
used. Such high outlays, despite significantly longer annual operating times, mean that
offshore turbine sets do not make economical sense to an even greater extent than the
‘onshore’ ones.

Summing up, the production of electricity from RES, both onshore and offshore, is
a solution that is not able to ensure sufficient, continuous, and stable electricity supplies
throughout the year. Renewable energy sources (RES) are able to ensure its supply for a bit
more than one hundred hours a month throughout a year on average, with very high unit
costs and, as already mentioned, showing the absolute unpredictability of those supplies
in time. Considering the above-mentioned fact, in order for electricity from renewable
energy sources (RES) to exist on the electricity market, several tens of billions in annual
subsidies from the State Treasury are required. For example, in Germany a few years ago,
these subsidies amounted to €30 billion (sic) annually, while the installed wind turbine
set capacity was 36,000 MW, and the value for photovoltaic power plant was 38,000 MW
(subsidies for each megawatt hour of electricity generated by wind turbine sets amounted
to €160, while by photovoltaic sources €430; currently in Germany, the power of turbine
sets are already 56 GW). In Poland, from 2006 to 2020, subsidies amounted to PLN 76 billion,
while currently they amount to over PLN 10 billion annually [29].
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