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Abstract - In this paper, the Organic Rankine Cycle (ORC) and
the Partially Evaporated Organic Rankine Cycle (PEORC) are
techno-economically compared for low-temperature waste heat
recovery, with a particular focus on industrial applications.
Numerical models of the two power cycles were developed, while
a dedicated two-phase expansion model simulating the
performance of an industrial expander in the two-phase region
was applied to estimate more precisely the efficiency of the
PEORC. Different WFs, temperatures of the heat source, and
waste heat transfer rates were considered for a complete
mapping of the power cycles’ efficiency. The PEORC power cycle
simulations indicate that its heat-to-power efficiency is highly
dependent on the performance of the two-phase expander, with
vapor quality at the evaporator outlet identified as the most
crucial operating parameter. The efficiency comparison
between the two alternative power cycle architectures reveals
that the PEORC performs consistently better, achieving thermal
efficiencies between 2.28% and 7.75%, whereas the respective
values for the ORC are in the range of 1.25% to 7.13%. Both the
ORC and the PEORC demonstrate favorable financial
performance for the studied operating conditions. By applying
the PEORC, the Levelized Cost Of Electricity (LCOE) for the
industry is expected to fluctuate between 0.015 and 0.119
€/kWh, 16-17% lower than the values estimated with the ORC.
Favorable PayBack Periods (PBP) (4-5 years) and Net Present
Values (NPV) (260-480k€) are expected when the PEORC is
applied, always higher than the respective values for the ORC
because of its increased energy efficiency.
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1. Introduction

The optimal utilization of energy sources is a
prerequisite in the global effort to increase the
sustainability of modern societies. One of the pillars on
which this effort must be based is the improvement of
the primary energy conversion efficiency of major
energy consumers, such as in the industrial sector. In the
industry, energy efficiency can be substantially
increased by utilizing the large amounts of waste heat
generated from processes. Industrial waste heat is
estimated to approach, on a global scale, nearly 70% of
the primary energy input [1], with the highest share
(rising to over 60% [1], [2]) rejected at heat source
temperatures lower than 100°C, a range commonly
designated as low-temperature heat.

A common technological solution for the
exploitation of low-temperature waste heat, directly
applicable in the industry, is the installation of a
bottoming power cycle. A well-established power cycle
in the low-temperature heat range is the Organic
Rankine Cycle (ORC), which can be driven by different
heat sources, including waste heat, solar irradiance,
geothermal power, and biomass. The ORC operates on
the same principle as the steam Rankine Cycle, but the
Working Fluid (WF) can be selected among a variety of
substances, such as refrigerants and hydrocarbons, with
low boiling temperatures at high pressures. This
flexibility in WF selection constitutes the main
advantage of the ORC. This is because the design of the
power cycle can be adapted to the characteristics of the



heat source. Furthermore, the type of power generator
can be selected to maximize the efficiency of the ORC,
with turbines typically applied in large-scale systems,
and volumetric expanders, such as piston, twin-screw,
scroll, and rotary vane, used in small-scale units [3]. The
flexible design of the ORC has led to its wide-scale
application, and it is now considered a mature and
robust technology with low operating and maintenance
costs, and nearly unsupervised operation [4].

The main drawback of the ORC is the increased
exergy losses of the heat source during the evaporation
of the WF [5]. The exploitation of the heat source’s
exergy can be increased by omitting the evaporation of
the WF, in which case the power cycle assumes a
trilateral shape, and an optimal match between the
temperature profiles of the heat source and the WF is
accomplished. The trilateral cycle is known as the
Trilateral Flash Cycle (TFC), and it was originally
conceived for the maximization of power generation in
geothermal power plants [6], [7]. The TFC consists of the
same WF thermodynamic processes as the ORC, but the
WF flows out of the evaporator in the saturated liquid
state, and, thereafter, it undergoes two-phase expansion
in the power generator. The TFC is realized by increasing
the mass flow rate of the WF, which leads to the
absorption of higher amounts of heat from the WF, and,
as a result, to the generated power maximization. The
risk of erosion by liquid droplets renders turbines
unsuitable for two-phase expansion [8]. On the other
hand, twin-screw expanders are indicated in the
literature as the ideal expansion machine for the TFC [9]
because of their ability to handle two-phase flows and
operate at high rotational speeds with minimum friction
losses. However, the very high volume ratios of the WF
in the TFC cannot be easily handled by state-of-the-art
twin-screw expanders applied in ORC units, with very
low isentropic efficiencies documented in the literature
when the expansion of the WF starts from the saturated
liquid state [10], [11]. To overcome this shortcoming of
the TFC, the Partially Evaporating ORC (PEORC) power
cycle was introduced[12]. In this power cycle
architecture, only a fraction of the WF’s mass is
evaporated, resulting in intermediate volume ratios
during two-phase expansion. The PEORC combines the
advantages of the ORC and the TFC, featuring increased
heat source utilization compared to the ORC, and higher
two-phase expansion efficiency than the TFC.

In this study, the PEORC and the ORC are techno-
economically compared for low-temperature waste heat
recovery applications, relevant to the industry, with the
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maximum temperature of the heat source and heat duty
at the evaporator reaching 100°C and 300 kW,
respectively. At first, the efficiency of the two power
cycles in recovering a heat source with the
aforementioned range of characteristics is compared.
These results are used to compare the financial
performance of the two different power cycles and
quantify the respective potential benefits for an
industrial unit. For this research work, a numerical
model simulating the operation of the two power cycles
under different temperatures of the heat source, heat
duties at the evaporator, and different WFs was
developed. A main novelty of the presented herein work
is the utilization of a novel semi-empirical low-order
thermodynamic model to simulate two-phase expansion
in a twin-screw expander [13] in PEORC power cycle
simulations. The application of this numerical tool allows
for a better estimation of the two-phase expansion
efficiency, the phenomenon that mainly affects the
performance of the PEORC. In this way, the PEORC
potential as an ORC alternative for industrial waste heat
recovery applications can be assessed more realistically.
The power cycles’ simulations indicate that the PEORC
outperforms, in terms of heat-to-power conversion
efficiency, the ORC for all the studied operating
scenarios. Both the ORC and the PEORC demonstrate
favorable financial performance for the studied
applications. However, the increased energy efficiency of
the PEORC is depicted systematically in the estimated
values of all the utilized financial indexes. The
methodology and results presented in this work may be
utilized by the industry as a guide when assessing
different technological solutions to exploit waste heat
from processes.

2. Methodology
2.1. Thermodynamic modeling

Qualitative Temperature-entropy (T-s) diagrams
of the PEORC and the ORC are presented in Figure 1,
where the thermodynamic processes undergone by the
Heat Transfer Fluid (HTF) and the Cooling Fluid (CF) are
also drawn. As mentioned in the Introduction, the
thermodynamic processes of the WF are the same for
both power cycles, namely a) 1-2: Adiabatic pumping,
b) 2-3: Heat absorption at the evaporator, c) 3—4:
Adiabatic expansion, and d) 4—1: Heat rejection at the
condenser. The values of the parameters used for the



simulations presented herein, along with their
descriptions, symbols, and units are listed in Table 1.

ORC

PEORC

THTF,in

T

THTF,ou! HTF,out

Figure 1. Qualitative T-s diagrams of the PEORC and the
ORC.

In the evaporator, the temperature of the HTF
drops from Tyrp in t0 Tyrr oye- The temperature of the CF
at the inlet of the condenser is equal to T¢g ;,, and itrises
to Tcr,oue at the condenser pinch point, as in Eq. 1. The
condensation temperature T,,, of the WF is then given
by Eq. 2. The calculation of T.,, leads to the
determination of the WF condensation pressure p;oq,.

Terout = Terin + ATcr (1)
Teon = Terout + PPc_on (2)

The heat duty Q. at the evaporator is given by Eq.
3, where ¢, yrp is the specific heat, under constant
pressure, of the HTF, and Tyrr oy its temperature at the
evaporator outlet. Ignoring the heat losses at the
evaporator, Q,, is also given by Eq. 4, where 7 is the
mass flowrate of the WF, whereas h, and h; denote its
specific enthalpy at states 2 and 3, respectively.

Q:ev = MyTECp HTF (THTF,in - THTF,out) (3)
Qey = Myyp(hs — hy) (4)

By applying Eq. 5, the temperature Ty p, of the
HTF at the end of preheating is calculated, for a given
value of the WF evaporation pressure p,,. In Eq. 5,
Twr sat (Per) is the saturation temperature of the WF at
Dey- The heat duty Qpr of the evaporator is given by Eq.
6, where h ¢,¢(pey) represents the specific enthalpy of
the saturated liquid WF at p,,,.

(5)

(6)

PP, = THTF,pr - TWF,sat (pev)
Qev = mHTFCp,HTF (THTF,pr - THTF,out) =
= mWF(hl,sat (pev) - hz)
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Table 1: Parameters for PEORC and ORC simulations.

Parameter | Description [Units] Value
R245fa,
WF Working Fluid [-] R1234ze(Z),
R1234ze(E)
HTF Heat Transfer Fluid [-] | H20
0 Mass flowrate of the 2
HTF HTF [kg/s]
heps HTF pump head [m] 10
Pinch point at the
PPey evaporator [°C] >
Pinch point at the
PFeon condenser [°C] >
HTF temperature at
Tyrr in the evaporator inlet 80-100
[°C]
T CF temperature at the 30
CF,in condenser inlet [°C]
. Heat duty at the
Qev evaporator [kKWi] 100-300
CF Cooling Fluid [-] Air
Temperature rise of
ATcr the CF [°C] 10
WF sub-cooling at the
ATsup condenser [°C] >
WEF superheat at the
AT, -
P evaporator in ORC [°C] 1-5
Quality of the WF at
X3 the onset of expansion | 0.1-0.9
in PEORC [-]
' Pump isentropic
Tpuis efficiency [%] 70
Electromechanical 90
Mlem efficiency [%]

By inspecting Egs. 3 to 6, two unknown variables
are identified, namely my;r and p,,. Moreover, a degree
of freedom is also pinpointed, i.e. the value of x5 for the
PEORC and of ATy, for the ORC. By specifying the desired
values for x3 and AT, (within the ranges prescribed in
Table 1), the solution of the set of Egs. 3 to 6 leads to the
calculation of 1, and p,,, for a given value of Q,,,.

The isentropic efficiency 7., ;s of the expander is
given by Eq. 7, where h, is the WF’s specific enthalpy at
state, and h, ;¢ is its specific enthalpy corresponding to
its isentropic expansion from state 3 to p.o,- In ORC
simulations, a fixed value, equal to 0.70, is used for 1,y ;5,
and Eq. 7 is used to calculate h,. On the other hand, in
PEORC simulations the semi-empirical thermodynamic



model (details about the methodology in Ref. [13]) is run
to simulate two-phase expansion as a function of xs,
My r, Pey, ad Peon- In this case, hy is an output of the
two-phase expansion model, and Eq. 7 is applied to
calculate 7,y ;s.
Nex,is = (h3 - h4)/(h3 - h4,is) (7)
The shaft power W,, generated by the twin-screw
expander, and the power w;,, absorbed by the WF pump
are given by Egs. 8 and 9, respectively. The value of h, in
Eq. 9 is calculated by applying Eq. 10, where h; ;s stands
for the specific enthalpy of the WF corresponding to its
isentropic pumping from state 1 to p,,. On the other
hand, h; in Eq. 9 is calculated as a function of p.,, and
ATsyp- The power Wy, absorbed by the HTF pump is
calculated by Eq. 11, where g is the gravitational
acceleration. Finally, the thermal efficiency 5., of the
power cycle is given by Eq. 12, where v,,,; represents the
net generated power.

Wex = Myp(hz — h)Nem (8)
Wpu = 1y r(hy — h)/Mem 9)
Npu,is = (hz,is - hl)/(hz - hl) (10)
Wher = mHTF'hehtfg/nem (11)
Nth = Wnet/Qev = (12)

= (Wex — Wpy — Whtf)/ Qev

2. 2. Financial analysis

The financial performance of the ORC and the
PEORC as industrial waste heat recovery solutions is
compared by estimating the values of the Levelized Cost
Of Electricity (LCOE), the PayBack Period (PBP), and the
Net Present Value (NPV). LCOE, PBP, and NPV are
calculated by Egs. 13, 14, and 15, respectively.

M
liny + Zi\gtl—
_ =L@+
LCOE = S g (13)
i=1 ~tot
Iinv
PBP = —
RR (14)
Ny RR
NPV = Zm— Iiny (15)
i=1

In Eqgs. 13, 14, and 15, I;;,,, represents the initial
capital investment cost. In Egs. 13 and 15, Ny, is the total
anticipated operating lifetime of the engine, whereas r is
the interest rate. In Eq. 13, M and E;,; are the
maintenance cost and the electricity produced in year i,
respectively. It must be noted that, in this work, M and
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Eio+ are considered constant throughout the thermal
engine’s operating lifetime. Finally, in Egs. 14 and 15, RR
stands for the annual estimated avoided cost for the
industrial unit operation.

liny, and RR are given by Eqs. 16 and 17,
respectively. In Eq. 16, ¢;y,, is the power-specific capital
investment cost for the thermal engine, whereas B, is
its nominal electric capacity. In this work, B,,,, is taken
as the highest of the v,,,; values of the PEORC and ORC
power cycles at their best efficiency points for the
selected operating conditions. In Eq. 17, ¢,; represents
the electricity price from the power grid. On the other
hand, E;,; is given by Eq. 18, assuming that the thermal
engine operates at a constant best-efficiency point for hr
hours in a year.

liny = CinvProm (16)
RR = E¢1Ce1 — M (17)
Etor = Wpechr (18)

The target of the analysis is to compare, by
estimating the LCOE, PBP, and NPV indices’ values, the
financial benefit for the industrial unit by applying the
PEORC and the ORC for waste heat recovery. The
analysis is parametric, with c¢;;,,, ¢.;, and hr, designated
as the degrees of freedom. For this work, a
representative test case is considered, where the heat
transfer rate Q,, at the evaporator, and the temperature
Thtf,in Of the heat source at the evaporator inlet are equal
to 300 kWw, and 100°C, respectively. The utilized
parameters, along with their description, applied values,
and symbols, for the financial analysis are listed in Table
2.

Table 2. Parameters of the financial analysis.

Parameter | Description [Units] Value

Ni; Operating lifetime [Yrs] 20

r Interest rate [%] 4
Annual maintenance cost

M €] 0.011;,,
Nominal power-specific

Cinv thermal engine capital 2000-4000
investment cost [€/kW.]
Power grid electricity price

Col e/ ngh] P 0.15-0.25

hr Annual operation hours [h] | 2000-8000

4. Results and discussion
4. 1. ORC and PEORC thermodynamic performance



At first, the variation of 7., ;s in the PEORC based
on the operating conditions is analyzed. This brief
analysis is presented, taking into account that the
efficiency of two-phase expansion has the most
significant impact on the PEORC thermal efficiency, and,
as a result, on its competitiveness against the standard
ORC. The effect of x3 and Tp;f,;, 0N Ny ;s in the PEORC is
presented in Figure 2. As x; increases over 0.1 the
isentropic efficiency of the expander is improved until
the optimal value of 1, ;s is achieved for a vapor quality
between 0.6 and 0.7. This behavior of 1., ;5 indicates that
at this x; range the WF volume ratio approaches the
built-in volume ratio of the modeled expander (details in
Ref. [13]). As Tytfin increases, higher 1,y ;s values are
calculated by the two-phase expansion model, indicating
that higher operating pressure ratios, within the
examined range of heat source characteristics, are
favorable. This occurs because a better match between
the pressure at the end of expansion and the pressure at
the discharge line can be achieved as the temperature of
the heat source increases (under-expansion losses are
minimized). Finally, it must be noted that the effect of the
WF on 7., ;s is negligible, and, therefore, not presented
herein.

0.9

- 0
= Tmf.m =100"C

=90°
A Thﬂ.m =90°C

= 80°
] Thtf.m =80"C

nex,is [-]

0.2 0.3 0.4 0.5

x, [

0.6 0.7 0.8 0.9

Figure 2. 7., ;s as a function of x5 and T} in PEORC.

In Figures 3 and 4, n;, is plotted versus x5 for
different values of Ty, when Q. is equal to 100 and
300 kW, respectively, in the PEORC. As anticipated,
based on analysis of the two-phase expansion efficiency,
increasing Ty in, leads to improved values of ;. On the
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other hand, at higher Q,, the thermal efficiency
decreases. This is caused by the deterioration of the two-
phase expander efficiency as my, increases because of
the negative effect of increased leakage flow rates are
higher [13] on 71, ;5. For Q. equal to 100 kW, the
optimal value of 7, is obtained at x3 approaching 0.6
regardless of Ty i, and the type of the WF. On the other

hand, for Q,,, equal to 300 kW4, there is a variation of the
value of x; for which the higher 7., is calculated.
Specifically, as Ty i, drops, the optimal x; is reduced to
values as low as 0.2. Concerning the WF selection, the
simulations indicate that R1234ze(Z) and R245fa
perform almost identically, and, in any case, more
efficiently or equivalently to R1234ze(E).

T =80°C

- o
T =90"C - hthin

- o
=1005C htf,in

T,
0.09 htf,in

0.09
0.08
0.07

0.06

0.05

Ny, [[1
Ny, [

0.04
0.03
0.02

0.01

0.5

. 0
x, [

0.5
x, [

= R1234ze(Z) A R1234ze(E) ® R245fa

Figure 3. n;, as a function of x3 in PEORC for different
WFs and values of Ty . 0,y = 100 kW,,.

Overall, it is estimated that the PEORC can achieve
a maximum 1., equal to 7.75%, 6.34%, and 4.80% for
Thtf,in €qual to 100°C, 90°C, and 80°C, respectively, when
0., equals 100 kW, The respective values of 1, when
Q. is equal to 300 kWi, are 5.96%, 3.96%, and 2.28%.

The effect of AT, and Ty i, ON Mgy, for the ORC
operation is presented in Figures 5 and 6, for Q,,, equal
to 100 kW, and 300 kW, respectively. The variation of
Nt as a function of ATy, is negligible because the
respective difference in the value of p,, is slight. As
Thtf,in is reduced, 0., diminishes because the operating
pressure ratio of the power cycle is reduced, with a
negative effect on the enthalpy drop of the WF. As Q,,
increases, 14, drops because the value of p,,, is reduced
for the same value of 4Ty, at the suction port of the



expander. As observed in the case of the PEORC,
R1234ze(Z) outperforms or, in the worst case, is as
efficient as the other examined WFs for all the examined
operating conditions.

= o = o - o
0.09 Thtf.in =100"C htfin ~ 90 htf,in 80
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® R1234ze(Z) A R1234ze(E) ® R245fa

1 0.5
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Figure 4. n;, as a function of x; in PEORC for different
WFs and values of Tyf in- Qep = 300 kWp,.

T . =100°C T, =90°C T . =80°C
0.09 htf,in 0.09 htf,in 0.09 htf,in
0.085 0.085 0.085
0.08 0.08 0.08
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s = o om o=
007 ® ® o o o 0.07 0.07
£ 0.085 T50.065 T50.065
c PO S S A c [
0.06 006 3 5 8 8 8 0.06
0.055 0085T aciae ks A ok 0.055
0.05 0.05 0.05
]
0.045 0.045 0.045 i
0.04 0.04 0.04
0 2 4 6 0 2 4 6 0 2 4 6
AT....[¥C] AT-... [%€C] AT....[Pe]

sup sup

® R1234ze(Z) 4 R1234ze(E) ® R245fa

Figure 5. ny, as a function of AT, in ORC for different
WFs and values of Tyf i 0., = 100 kW,,.

Quantitatively, the standard ORC can accomplish a
Nn equal to 7.13%, 6.00%, and 4.66% when Tpifin
equals 100°C, 90°C, and 80°C, respectively, and the heat
duty at the evaporator reaches 100 kWth. When Q,,, is
equal to 300 kW4, the respective values for the thermal
efficiency are 5.06%, 3.34%, and 1.25%.
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4. 2. ORC and PEORC financial performance
comparison

As mentioned in Section 2.2, the target of the
financial analysis is to compare the potential benefit for
an industrial unit resulting from the application of the
PEORC and the ORC to exploit the available waste heat
from processes. An indicative case study was considered
for the results presented in this Section, where the
available waste heat for the thermal engine is equal to
300 kWw, and the temperature of the heat source
reaches 100°C. By examining the results presented in
Section 4.1 (see Figure 4 and Figure 6) for the
abovementioned thermodynamic characteristics of the
heat source, the maximum achievable thermal efficiency
N¢p, for the ORC and PEORC, with R1234ze(Z) as the WF,
is equal to 5.06% and 5.96%, respectively. Hence, W is
equal to 15.18 and 17.88 kW, for the ORC and PEORC,
respectively, and the value of 18 kW is used for B, in
the performed financial analysis calculations.

T . =100°C T .. =90°C T .. =80°C
0.09—Nthin 0.09 httin 0.09 litbjn
0.08 0.08 0.08
0.07 0.07 0.07
0.06 0.06 0.06
005 2 2 2 2 2 o o005 =005
i — [ c
0.04 0.04 0.04
e o0
0.03 0.03 0.03
0.02 0.02 0.02
[ I I I
0.01 0.01 0.01
0 2 4 6 0 2 4 6 0 2 4 6
0 0 0
AT, [°C] AT, [°C] AT, [°C]

= R1234ze(Z) A R1234ze(E) ® R245fa

Figure 6. 0y, as a function of AT, in ORC for different
WFs and values of Ty s in. Qep = 300 kWp,.

In Figure 7a and Figure 7b, LCOE is presented
Versus cCj,, for different values of the total annual
operating hours hr for the ORC and PEORC, respectively.
At this point, it must be noted that similar LCOE values
were estimated for different thermodynamic
characteristics of the heat source. Hence, the presented
results may be considered representative across the
spectrum of the examined operating scenarios in Section
4.1. The positive impact of ¢;,,,, reduction and hr increase
on the LCOE is obvious for both configurations.
Regarding the comparison between the two power
cycles, the application of the PEORC leads to LCOE values



that are lower by 16 to 17%. Both power cycles can
accomplish competitive LCOE values for industrial
waste heat recovery, between 0.018 and 0.143 €/kWh in
the case of the ORC, and 0.015 and 0.119 €/kWh when
the PEORC is applied.

PBP contours in the ¢;y,, - ¢¢; plane are plotted in
Figure 8a and Figure 8b for the PEORC and the ORC,
respectively, considering that, indicatively, the total
annual operating hours hr are 6000. Favorable PBP are
expected for both power cycle architectures, even for
increased values of c;,, and c,; prices rather high,
compared to electricity prices in the energy market of
most countries in the European Union. Its increased
thermal efficiency leads to lower PBP for the PEORC,
indicating it can become a competitive alternative to the
ORC for low-temperature waste heat recovery. Overall,
in the most adverse scenario, the anticipated PBP for the
ORC and PEORC is expected to reach approximately 5.2
and 4.1 years, respectively.
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Figure 7. LCOE as a function of c;,,, for a) the PEORC,
and b) the ORC, for different total annual operating hours hr.

A clearer view of the financial benefit as a result of
applying the PEORC instead of the ORC for waste heat
recovery can be provided by estimating the NPV,
because this index takes into account the time value of
money as well. NPV as a function of c;,, and ¢ is
presented in Figure 9a and Figure 9b for the PEORC and
the ORC, respectively. Again, 6000 annual operating
hours hr were considered for the presented results.
Positive NPV values are calculated for both the
examined power cycles, regardless of the ¢, and c,
values, highlighting that they can be an attractive
investment for energy efficiency improvement in the

industrial sector. The PEORC appears as a more
promising technological solution than the ORC in terms
of the NPV, as previously shown for the LCOE and PBP
indexes. The estimated NPV values are higher in the case
of the PEORC by 18 to 23% because of the increased
heat-to-power ratio its implementation induces. The
superiority of the PEORC becomes more pronounced as
c.; becomes higher because the avoided annual cost RR
for the industry is substantially increased.
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Figure 9. NPV as a function of c;,, and c,; for a) the
PEORC, and b) the ORC. 6000 total annual operating hours hr.

5. Conclusions
In the present work, a techno-economic
comparison between the PEORC and ORC power cycles



for low-temperature waste heat recovery was
performed, with operating scenarios relevant to the
industrial sector. Numerical models of the two power
cycle architectures were developed to simulate their
operation for different WFs, temperatures of the heat
source, and heat duties at the evaporator. The numerical
expimeriments indicate that the PEORC performs better
than the standard ORC under all the examined operating
scenarios. The PEORC and ORC can achieve thermal
efficiency values in the range of 2.28% to 7.75%, and
1.25% to 7.13%, respectively. Regarding the financial
performance of the ORC and PEORC, the results indicate
that both power cycles can be competitive technologies
for industrial waste heat recovery. However, the PEORC
outperforms the ORC because of the higher achievable
heat-to-power values. In terms of LCOE, the PEORC can
achieve values as low as 0.015 to 0.119 €/kWh, which
are consistently higher, by 16-17%, than the values
estimated for the ORC. Maximum PBP for the ORC and
PEORC is expected to reach 5.2 and 4.1 years,
respectively, whereas positive NPV values were
calculated for all the examined scenarios. The financial
performance of the power cycles improves as their
annual operating hours and the cost of electricity from
the power grid increase. Finally, it must be noted that
additional PEORC experimental data are necessary to
consolidate its superiority against the ORC, the
performance of which is documented in the literature
and real-world applications.
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