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Abstract
Organic Rankine cycle (ORC) systems generate power
from low-grade heat sources, such as geothermal sources
and industrial waste heat. A key feature is that a working
fluid is selected to match the temperature of the source.
With the vast pool of candidate working fluids comes the
challenge of developing a large number of robust ther-
modynamic media models. We implemented a subcriti-
cal ORC model in Modelica that uses working fluid data
records and interpolation schemes in lieu of thermody-
namic medium evaluation for energy recovery estimation.
This is a component model that can be integrated into a
larger energy system model. It does not require detailed
thermodynamic, heat transfer, or machine analysis. Our
ORC model fills a gap where working fluids are ready to
choose or easy to add, and at the same time can be inte-
grated into an energy system.
Keywords: organic Rankine cycle, media model, compo-
nent model

1 Introduction
Organic Rankine cycle (ORC) systems have been an im-
portant waste heat recovery technology used to generate
power from low-grade heat sources, such as geothermal
sources and industrial process waste heat. It is particu-
larly valuable to building and district energy applications,
because in these areas both the electric power generated
by the expander and heat rejected from the condenser can
be used. Under the current background of decarbonisation
(U.S. DOE 2024), it is valuable to model such systems for
utilisation of renewable energy in district energy systems
design.

ORC systems typically use a working fluid whose boil-
ing point is matched to a specific waste heat source (U.S.
DOE 2021). This versatility also poses a significant chal-
lenge: Developing robust and computationally efficient
medium models for a wide range of candidate working
fluids is a time-consuming and complex task. To accom-
modate a wide range of heat sources, including geother-
mal sources at 80◦C to biomass sources at 500◦C, there
can be hundreds of potentially suitable substances (Bao
and Zhao 2013). Studies on working fluid selection rou-
tinely examined tens of candidates. For example Saleh
et al. (2007) investigated 31 pure fluids, and the number
goes up substantially if mixtures were considered due to
the possibility of combinations and mixing ratios (Abadi

and Kim 2017).
There are existing open-source Modelica libraries

that support modelling of thermodynamic cycles. The
DLR ThermofluidStream library (Zimmer 2020; Zimmer,
Meißner, and Weber 2022) has five refrigerant models that
can be used for ORC (as of Version 1.1.0). It provides
a helpful medium model template, but defers the imple-
mentation of additional robust models to the user, which
remains challenging for non-experts. The ThermoPower
library (Casella and Leva 2005) provides component mod-
els as well as control blocks suitable for thermodynamic
cycle and system modelling. However, it is not specifi-
cally geared towards ORC modelling and additional com-
ponent and medium models are needed. The ThermoCy-
cle library (Quoilin, Desideri, et al. 2014; Oliveira, Iten,
and Matos 2022) has Rankine and Brayton cycle models
with detailed components such as heat exchangers and tur-
bines, as well as control blocks. However, it only supports
the steam cycle and not the ORC. It also requires exter-
nal dependency for the medium models through the Mod-
elica ExternalMedia library (Modelica 3rd-party libraries
2023) to the open-source software CoolProp (Bell et al.
2014) and the commercial software FluidProp (Asimptote
2023).

Multi-phase fluid property computations needed for
ORC models are numerically challenging because of
sharp derivative changes at phase transition. Naïve in-
tegration with detailed medium models can lead to long
computation times and convergence problems. Litera-
ture has reported that, using professional software such
as the Modelica ExternalMedia library for medium prop-
erty computations was not enough. Interpolation meth-
ods at the phase transitions led to one order of magnitude
shorter simulation time (Quoilin, Van Den Broek, et al.
2013; Twomey 2016).

Because of these challenges, it is understandable that
we have not found an open-source ORC model with a col-
lection of medium models that do not require use of an
external code for media calculations. This is a drawback
because selecting a working fluid with properties match-
ing the waste heat source is a key step in the ORC system
design. The following gap exists in the literature: Stud-
ies with a large pool of working fluids are usually lim-
ited at thermodynamic analysis; in the meantime, studies
that performed detailed machine analysis or control de-
signs often either only used one specific working fluid or
resorted to external code for medium models. We there-
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fore report a Modelica implementation of the ORC model
with energy system integration that comes with ready-to-
use and easy-to-add working fluid models to fill this gap.
Our method is based on data records of working fluids
converted from CoolProp and are used together with inter-
polation schemes in lieu of detailed thermodynamic fluid
property computation. It improves upon existing open-
source models we found in the literature as follows: First,
all code is contained in one standalone Modelica library.
Because there is no need to link to external code, usabil-
ity and compatibility are improved. Second, unlike de-
veloping full-fledged media models, adding more media
records to the package is easy for users, which suits the
nature of ORC system design, allowing consideration of
a broad pool of candidate working fluids. We have cur-
rently implemented ten fluids as listed in Table 2. We se-
lected CoolProp as the source of fluid properties because it
is open-source and offers wrappers for various languages
and environments. It is important to note that any soft-
ware that provides thermodynamic fluid properties can be
used to generate the data records. Furthermore, because
the property data are stored in Modelica records once gen-
erated, the choice of fluid property sources becomes irrel-
evant.

The vast pool of ORC working fluids manifests the
versatility and also challenges of ORC modelling. Our
method circumvents this challenge by using specialised
and interpolation-based medium models that forego com-
putationally challenging thermodynamic property evalua-
tions. The result is a fast and robust model to obtain en-
ergy recovery estimation for an ORC component that can
be integrated into an energy system for system-level de-
sign and analysis.

2 System Description
We consider a subcritical organic Rankine cycle as a bot-
toming cycle to recover energy from a hot fluid stream.
Figure 1 is its concept schematic.

The system is not controlled to track any load, electric
or thermal, and all generated power is assumed to be con-
sumed and heat dissipated. The working fluid evaporating
temperature Tw,eva is a user-specified parameter. This is in
line with the optimisation results reported by Quoilin, Au-
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Hot Fluid
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Figure 1. Schematic of the modelled ORC system.

mann, et al. (2011) and Imran et al. (2020) that keeping a
constant Tw,eva was a common and proper control strategy
for small-scale ORCs.

The heat source is variable in terms of temperature and
flow rate and an ORC system needs to accommodate to
that. To achieve this, the working fluid flow rate ṁw is
controlled to maintain the evaporator pinch point temper-
ature difference ∆Tpin,eva. The following constraints are in
place:

• The mass flow rate ṁw will not go higher than a set
upper limit. Rather, ṁw stays at the user-specified up-
per limit and ∆Tpin,eva increases beyond its set point.
This may happen when the incoming hot fluid has a
high flow rate or a high incoming temperature, i.e., it
carries more energy than the cycle is sized to process.

• When ṁw needs to go lower than a set lower limit,
ṁw is set to zero and the cycle is switched off. This
may happen when the incoming waste heat fluid has
a low flow rate or a low incoming temperature, i.e., it
carries too little energy.

On the condenser side, an upper limit is needed for the
working fluid condensing temperature Tw,con to maintain
sufficient pressure difference between evaporator and con-
denser. In some applications, a lower limit is also needed
so that the condensing pressure pcon remains above the
atmospheric pressure to prevent a vacuum. However, un-
like the evaporator control which actuates on the working
fluid pump, the condenser is controlled via the cold fluid
(Manente et al. 2013; Nami et al. 2018). Implementation
of these constraints are therefore the responsibility of the
encompassing system rather than the component.

3 Model Description
This section describes the model implemented in Model-
ica.

3.1 Assumptions
The model uses the idealised thermodynamic cycle shown
in Figure 2. Depending on the type of the fluid, the cycle
has two variants. Figure 2(a) shows a dry fluid whose sat-
urated vapour line has a section with positive slope. This
implies that no superheating is needed. Figure 2(b) shows
a wet fluid where superheating is required to avoid liquid
formation in the turbine which would cause damage. In
this case we assume that the superheating is controlled to
be minimised, i.e. the expander outlet state is exactly on
the saturation line. How this affects the calculation will
be explained in section 3.3.2. There is no subcooling out
of the condenser outlet. For any given working fluid, wet
or dry, the cycle is fully determined by the working fluid
evaporating temperature Tw,eva, working fluid condensing
temperature Tw,con, the expander efficiency ηexp, and the
pump efficiency ηpum. We will further explain how the
working fluid property influences the computation in sec-
tion 3.3.2.
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Figure 2. Idealised thermodynamic cycle used to implement the ORC. (a) For a dry fluid, the cycle has no superheating and the
expansion starts on the saturation line; (b) For a wet fluid, the cycle is superheated and the expansion ends on the saturation line.

The evaporator pinch point (PP) is at the bubble point
(where evaporation starts) and the condenser PP is at the
dew point (where condensation starts). Pan and Shi (2016)
discussed where the PP can occur at other places in a
phase-change heat exchanger, but our model assumes the
PP’s are only at these two places.

The evaporation and condensation processes are as-
sumed isobaric. This model therefore excludes any work-
ing fluid with a temperature glide, such as zeotropic mix-
tures. It also means there is no pressure loss along the
pipes.

The thermodynamic cycle of the working fluid is
steady-state, but the hot and cold fluid streams can be
configured to be either steady-state or dynamic. The
model does not perform detailed machine analysis. The
mass flow rate ṁw in the model is solved analytically
to meet the set point, subject to the described con-
straints, instead of being controlled using feedback con-
trol. For the condenser, at the component level, we use
the assert() function with AssertionLevel.error
to stop the simulation when Tw,eva −Tw,con < 1 K and we
use assert() with AssertionLevel.warning when
pcon < 101325 Pa.

3.2 Governing Equations
The evaporator heat exchange is

Q̇eva = ṁh cp,h (Th,out −Th,in), (1)

Q̇eva = ṁw (hpum,out −hexp,in), (2)

with evaporation taking place at a constant, user-specified
temperature Tw,eva. The evaporator PP difference ∆Tpin,eva
is also specified by the user, which is used in

Th,pin −Th,out

Th,in −Th,out
=

heva,pin −hpum,out

hexp,in −hpum,out
, (3)

∆Tpin,eva = Th,pin −Tw,eva. (4)

The condenser side uses the same equations with the vari-
ables replaced by their condenser counterparts where ap-

propriate:

Q̇con = ṁc cp,c (Tc,out −Tc,in), (5)

Q̇con = ṁw (hexp,out −hpum,in), (6)
Tc,pin −Tc,in

Tc,out −Tc,in
=

hcon,pin −hpum,in

hexp,out −hpum,in
, (7)

∆Tpin,con = Tw,con −Tc,pin. (8)

Equations 1 through 8 are eight equations and eight un-
knowns: Q̇eva, Th,out , ṁw, Tpin,eva, Q̇con, Tc,out , Tpin,con, and
Tw,con. Note that all enthalpy values are known through
Tw,eva, Tw,con, ηexp, and ηpum. This will be explained in
detailed in section 3.3.

The expander power Pexp, pump power Ppum, electrical
power generated Pele, and cycle thermal efficiency ηthe are

Pexp = ṁw (hexp,out −hexp,in), (9)
Ppum = ṁw (hpum,out −hpum,in), (10)
Pele = Pexp +Ppum (11)

ηthe =
−Pele

Q̇eva
. (12)

Note that all energy transfer and power terms follow the
sign convention where energy into the cycle is positive.
Therefore, Q̇eva and Ppum are positive; Q̇con and Pele are
negative.

The information flow of the model is summarised in
Table 1.

3.3 Thermodynamic Properties
The thermodynamic properties of the working fluid are not
computed by a medium model as in Modelica.Media,
but rather by interpolation schemes. Support points for
interpolation are given on the saturated liquid line, satu-
rated vapor line, and a superheated vapor line (called the
reference line), as shown in Figure 3. Each support curve
consists of an array of specific enthalpy, specific entropy,
temperature, and pressure. The temperature and pressure
arrays are paired as the corresponding saturation values of
each other. By default we set the reference line to be 30
K higher than the saturated vapor line. We determined the
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User-specified parameters Inputs Outputs
Tw,eva Working fluid evaporat-

ing temperature,
Th,in Evaporator hot fluid in-

coming temperature,
ṁw Working fluid flow rate,

∆Tpin,eva Evaporator PP tempera-
ture difference,

ṁh Evaporator hot fluid flow
rate,

Tw,con Working fluid condens-
ing temperature,

∆Tpin,con Condenser PP tempera-
ture difference.

Tc,in Condenser cold fluid in-
coming temperature,

Th,out Evaporator hot fluid out-
going temperature,

ηexp Expander efficiency ṁc Condenser cold fluid
flow rate

Tc,out Condenser cold fluid
outgoing temperature,

ηpum Pump efficiency Q̇eva Evaporator heat flow
rate,

Q̇con Condenser heat flow
rate,

Pexp Expander power output,
Ppum Pump power consump-

tion.

Table 1. Information flow of the model
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Figure 3. Support curves for interpolation. A, B, and C are
example points on a saturation line, between the two saturation
lines, and in the superheated region, respective. 1, 2, and 3 are
example reference points on the saturation lines and the refer-
ence line used to find the example points.

values of these support points using CoolProp (Bell et al.
2014) with its Python wrapper. It should be noted that any
software that provides thermodynamic fluid properties can
be used to find these points.

3.3.1 Interpolation Schemes

We will demonstrate the interpolation schemes using Fig-
ure 3.

• On the saturation line, the specific enthalpy, specific
entropy or density, here labeled as yA, are obtained
using cubic Hermite spline interpolation as

yA = s(uA,d) (13)

where s(·, ·) is a cubic Hermite spline, uA is the in-
put property, and d are the support points. For the
saturation curves, the user can configure the model

to use either the saturation pressure or the saturation
temperature for uA; for the reference line in Figure 3,
uA is the pressure.

• If the fluid is wet, the isentropic expander outlet point
would be in between the saturation lines, shown in
Figure 4(b). In this case, its enthalpy hB is obtained
from

hB −h1

sB − s1
=

h2 −h1

s2 − s1
(14)

where sB is known because it equals the expander in-
let entropy, and all other points are on the saturation
line and therefore can be found using (13).

• C is a point in the superheated vapor region. This
is the case for the expander outlet and the isentropic
expander outlet in Figure 3(a), the expander outlet in
Figure 3(b), the expander inlet and the isentropic ex-
pander inlet in Figure 3(c). The isobaric lines are not
straight in this section, but they are assumed linear
so that (13) can be applied using the saturated vapor
line and the reference line, albeit with less accuracy.

3.3.2 Expander and Pump
Some expander and pump state points cannot be directly
found via interpolation and are estimated using the meth-
ods described in this section.

Expander Inlet and Outlet
The calculations of expander inlet and expander outlet de-
pend on the characteristics of the fluid and on the expander
efficiency ηexp.

Working fluids can be classified as dry fluids and wet
fluids according to the shape of their saturation lines and
this has significant implications on ORC system design
and efficiency (Hung 2001; Mago, Chamra, and Somayaji
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Figure 4. Characteristics of the fluid and the cycle. (a) Dry fluid, dry cycle; (b) wet fluid, dry cycle; (c) wet fluid, wet cycle.

2007; B.-T. Liu, Chien, and C.-C. Wang 2004; Yu, Feng,
and Y. Wang 2016). On T -s charts, a dry fluid has a sec-
tion of positive slope on its saturated vapor line, as shown
in 4(a); whereas a wet fluid does not, as shown in 4(b)
and (c). Dry fluids are preferable for ORC because as the
expansion starts from the saturated vapor line, there is no
risk of condensation in the expander. Therefore, super-
heating before expansion is not needed. For a wet fluid,
whether exp,out will be under the dome depends on ηexp
as well as the location of exp, in.

With the objective to minimise the superheating tem-
perature difference ∆Tsup and with ηexp known, we distin-
guish the following two computational paths:

• We call a dry cycle a cycle in which the expansion
starts from the saturated vapor line (i.e. ∆Tsup = 0)
and ends in the superheated vapor region. For ei-
ther a dry fluid or a wet fluid undergoing such a cy-
cle, shown in Figure 4(a) and (b), the expander outlet
specific enthalpy hexp,out is obtained from

hexp,in −hexp,out

hexp,in −hexp,out,ise
= ηexp. (15)

• We call a wet cycle a cycle in which the expansion
starts from the superheated vapor region and ends on
the saturated vapor line. This way ∆Tsup assumes
the smallest value without causing condensation at
expander outlet. In this scenario, the expander inlet
specific enthalpy hexp,in is obtained from

hexp,in −hexp,out

hexp,in,ise −hexp,out
= ηexp. (16)

Pump Outlet
The pump outlet state is obtained from

hpum,out = hpum,in +wpum. (17)

In our Modelica implementation, the pump power con-
sumption is estimated from fluid work and efficiency as

Ppum =
V̇ ∆p
ηpum

. (18)

InterpolateStates
Performs interpolation of thermodynamic 
states needed for the ORC.

FixedEvaporating
Fixes Tw,eva as a parameter, computes pinch 
points, energy transfer, working fluid flow 
rate, and implements input and output 
connectors.

Extends

Cycle
Interfaces with the hot and cold fluid 
streams including the fluid ports, fluid 
volumes, and the pressure drops.

Instantiates

Figure 5. A screenshot from the the package browser and a
structure diagram of the implementation

Dividing both sides of (18) by ṁw yields the specific pump
work

wpum =
∆p

ρw ηpum
. (19)

Using the pump inlet state for ρw and expanding ∆p yields

wpum =
peva − pcon

ρpum,in ηpum
. (20)

This approximation takes advantage of the negligible den-
sity change of liquid to avoid property search in the sub-
cooled liquid region and an additional reference line.

In section 5.1, we will validate the above pump
work approximation assuming constant density against the
pump work estimated from the isentropic process using
CoolProp, similar to the expander work in Equation 15,
i.e.

hpum,out,ise −hpum,in

hpum,out −hpum,in
= ηpum. (21)

4 Modelica Package Structure
Inside the Modelica package, the ORC model was im-
plemented in three levels, as shown in Figure 5. At the
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Figure 6. Model validation with variable hot fluid incoming
temperature and flow rate

lowest level, thermodynamic property interpolation for the
ORC was implemented in InterpolateStates. This
functionality is in its standalone model for two reasons.
First, thermodynamic property estimations from the inter-
polation schemes are easy to be validated against prop-
erty tables. Second, this model has no constraints that
are imposed by the cycle and its control. When extended
by FixedEvaporating, various constraints are imposed
on the cycle computation to satisfy control objectives de-
scribed in sections 2 and 3.1. Having the unconstrained
model InterpolateStates available by itself makes it
easy to add different ORC models in the future. At the
intermediate level, FixedEvaporating adds calculation
of ṁw, Tpin,eva, and Tpin,con, which are central to the con-
trol objectives of the modelled system. At the top level,
Cycle finally involves the hot and cold fluid streams and
is ready to be integrated into an energy system.

5 Model Validation
5.1 Medium Property
The fluid property interpolation implemented in Modelica
was validated by comparing its results against direct prop-
erty readings from CoolProp. Tests were performed with
five dry and five wet working fluids to compare results for
the specific energy terms

wexp = hexp,out −hexp,in, (22)
wpum = hpum,out −hpum,in, (23)
qeva = hexp,in −hpum,out , (24)

and

qcon = hpum,in −hexp,out , (25)

using the error term

erry =
yM − yC

yC
, (26)
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where the subscript M represents Modelica and C
represents CoolProp. All tests use Teva = Tcri − 20K,
Tcon = 310K, ηexp = 0.8 and ηpum = 0.7. Their properties,
experiment setup, and errors are listed in Table 2.

Table 2 shows the largest errors in wexp. This is thought
to be caused by the linear approximation in the super-
heated region, namely for hexp,in in the case of wet cycles
and for hexp,out in the case of dry cycles, and affecting ηthe.
The maximum error is for wexp and ηthe for Toluene, with
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Figure 7. Modelica graphics of the example model where the ORC component is integrated in a district heating system.
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Figure 8. Results output of the example model.

an error of 6.1% and 5.7%, respective. All other errors are
below 5%.

Our property computation results agree with the ther-
modynamic analysis performed by Borsukiewicz-Gozdur
(2013), H. Liu, Shao, and Li (2011), and Chen et al.
(2006).

5.2 Pinch Point
We conducted a validation to test the constraints on ṁw.
We used R245fa as working fluid with Tw,eva = 350 K,
∆Tpin,eva = 5 K, ∆Tpin,con = 10 K.

Figure 6 shows how the model deals with a waste heat
source whose temperature and flow rate are both variable.
It goes through the following stages:

• At t = 0, Th,in is sufficiently high but ṁh is too low.
The cycle does does not start (ṁw = 0 and “actual
status” is off). The set point for ∆Tpin,eva is ignored.

• As ṁh goes higher, the cycle starts (ṁw > 0 and “ac-
tual status” is on) when ṁh > ṁw,min +∆mhys, where
∆mhys is a parameter for the mass flow rate hystere-
sis. At this stage, Tpin,eva is maintained at its set
point.

• With ṁh increasing further, ṁw reaches its upper
limit and no longer increases along with ṁh. ∆Tpin,eva
is allowed to go higher than its set point.

• Then at t = 100, Th,in starts to decrease. ṁw is again
able to maintain ∆Tpin,eva at its set point shortly af-
ter, before the cycle shuts down again when Th,in be-
comes too low.

• From t = 150 the stages above run again in reverse
order.

6 Example Model
We integrated our ORC model in a hypothetical district
energy system as an example. The model graphics is
shown in Figure 7. The hot water return from the sys-
tem is connected through the ORC condenser, acting as
the ORC cold fluid. The mixing valve is modulated with
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a PI loop controlling the cold fluid outgoing temperature
(i.e. district hot water supply temperature).

The working fluid is R123. It is a dry fluid, i.e. no
superheating in the cycle.

Carrying waste heat, the evaporator hot fluid is air, with
a constant flow rate and a constant incoming temperature.

The condenser cold fluid represents water from a dis-
trict heating system. A dedicated condenser pump is used
to maintain a constant water flow rate through the con-
denser. The district hot water return temperature Tr (i.e.
the condenser cold fluid incoming temperature Tc,in of the
ORC) fluctuates between 35 to 45◦C. The ORC is con-
trolled to lift its temperature to a supply temperature Ts
of 55◦C. Additionally, a safety control is implemented to
prevent the cycle from starting until the water flow in the
condenser is established, i.e. ṁc > ṁc,threshold .

Nominal conditions of this model are shown in Table 3.
Simulation results of key variables of this example model
are shown in Figure 8.

7 Discussion
We envision that that the model can be further developed
in the future to address the following.

Table 2 shows that the interpolation schemes are highly
accurate in energy transfer calculation with errors up to
1.6% for wpum, qeva, and qcon. For wexp and ηthe, the high-
est error was 6.1% and 5.7% with toluene. These higher
errors appear to be caused by the linear approximation of
isobars in the superheated vapor region and related to the
specific characteristics of the fluids. Deeper understand-
ing in this will be valuable in deciding how the medium
simplification can be modified to achieve higher accuracy.
Note that the validation was intentionally designed to have
a very high evaporating temperature (Teva = Tcri − 20 K)
to test extreme cases. Real-world subcritical applications
may not use such a high Teva and the model estimation
would be more accurate.

Although machine analysis is beyond the scope of this
study and we leave the expander efficiency to the user to
specify, it is nonetheless important to note that the compu-
tation of expander efficiency is important and can improve
the estimation accuracy of the model.

In our current model, we used a simple ORC ar-
chitecture without considering subcooling, recuperating,
multiple-stage expansion, or throttling. Supporting more
sophisticated architectures such as reviewed by (Lecompte
et al. 2015) can expand the general utility of this model.

8 Conclusion
In this work we reported a Modelica implementation of
an ORC model. Our model fills the gap of a general-use,
open-source ORC model in Modelica with both the fol-
lowing features: a working fluid model that is ready to
use or easy to add, and the ability to be integrated into
a larger energy system. Because the working fluid selec-
tion is an important design decision in ORC system de-

Quantity Value Unit Quantity Value Unit
Teva 100 ◦C ṁh 1 kg/s
Tcon 59.5 ◦C Th,in 150 ◦C
peva 786 kPa Th,out 90.2 ◦C
pcon 282 kPa ṁc 1.4 kg/s
ηexp 0.8 - Tc,in 45 ◦C
ηpum 0.6 - Tc,out 55 ◦C
ṁw 0.34 kg/s ηthe 7.7% -

Table 3. Example model nominal conditions.

sign, our method opens up the ability to choose working
fluids from a pool of candidates for an early-stage anal-
ysis of ORC system integration. This relieves modellers
from the challenges of developing a large number of de-
tailed and computationally efficient medium models. This
also results in a standalone model that does not depend
on external software for fluid property queries, improving
usability and compatibility.
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Nomenclature
Quantities:

cp specific heat capacity at constant
pressure

h specific enthalpy
M molar mass
ṁ mass flow rate
P power
p pressure
Q̇ heat flow rate
q specific heat flow
s specific entropy
T temperature
V̇ volumetric flow rate
w specific work
x vapor quality
η efficiency
ρ density

Subscripts:
c cold fluid
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ele electrical
h hot fluid
hys hysteresis
in incoming, inlet
ise isentropic
out outgoing, outlet
pin pinch point
w working fluid
con condenser
cri critical
eva evaporator
exp expander
pum pump
sup superheating
the thermal
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