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ABSTRACT
Supercritical CO2 (sCO2) power cycles provide the possibil-

ity to significantly improve power generation from fossil fuels
and renewable sources considering thermodynamic efficiency,
economic feasibility, and operational flexibility. In addition to
standalone power generation, the application of sCO2 cycles to co-
generation for combined heat and power processes can be a highly
attractive option with respect to further development, and com-
mercialization. In particular, the incorporation of a heat extraction
option for district heating can be favorable regarding the overall
cycle efficiency for temperate and cold climate regions because of
the thermodynamic properties of sCO2. The current study thus
focuses on the modeling, simulation, and thermodynamic analysis
of different, simple sCO2 cycle designs for waste heat applications
incorporating heat extraction for district heating. Different techno-
logical options, like backpressure turbines, split-flow recooling,
as well as turbine extraction designs, and their effects on cycle
design, operation, and efficiency are analyzed. The results show
that sCO2 based cycles enable engineers to achieve high-efficiency
power generation also in combination with heat extraction for
district heating, comparable to conventional water-steam-based
cycles. Furthermore, the split-flow recooling design provides the
possibility to extract a significant amount of heat without affecting
the power generation.

INTRODUCTION
The application of supercritical CO2 (sCO2) in power gener-

ation cycles has received considerable attention during the last
decade. Having been rediscovered as a natural, alternative work-
ing fluid for thermodynamic cycles, sCO2 offers the potential
to realize high-efficiency power cycle designs, combined with
low-emissions and favorable economics [1]. Other, yet unproven,
prospects suggest the potential for providing smaller equipment
sizes and higher operational flexibility because of simpler power
cycle designs compared to conventional water-steam-based power
cycles [1]. All the above-mentioned benefits are driving extensive

worldwide research and development programs representing a
significant effort for future implementation and commercialization
of the technology.
The spectrum of potential applications [1, 2] of sCO2 in

direct and indirect power cycles encompasses different possible
heat sources for thermal power cycles. These include fossil [3–5],
nuclear [6–8], solar and geothermal sources [9–12], and waste heat
recovery [13–15]. In contrast to state-of-the-art water-steam-based
technologies [16, 17], sCO2 power cycles are characterized by
high temperatures and pressures, low-pressure ratios, and a high
recuperation requirement. Because of the supercritical conditions,
the thermodynamic efficiency of heat transfer is significantly
improved while high-pressure and low-pressure ratio designs
result in low specific compression work and therefore compact
turbomachinery designs [1].
Most research has concentrated on the identification of ther-

modynamically efficient cycle designs for standalone power gen-
eration, where, e.g., the recompression cycle and the split-flow
expansion cycle designs have been identified as particularly promis-
ing options for standalone and waste heat recovery applications
[18–20]. With a large set of potential designs being available, it is
necessary to identify the most promising design options that are
simple and offer a substantial economical or operational advantage
regarding potential fields of application [21–23].
In this context, the use of sCO2 for cogeneration processes

is a potentially promising technological option [24]. Possible
applications have been found for multi-effect desalination pro-
cesses and industrial heat extraction [25–27]. In particular, the
high-temperature thermal energy above 70 ◦C, that is available as
waste heat in sCO2 applications makes it ideal for integration in
cogeneration systems where this heat can be effectively utilized in-
stead of being rejected unused. In general, the same considerations
apply to district heating in temperate and cold climates, thereby
making it a potential application for future cogeneration processes
using sCO2 power cycles [28, 29]. Cogeneration in the form of
combined heat and power (CHP) is generally considered advan-
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Table 1: Gas turbine specifications

(a) Gas turbine data

Model GE 9E.04
Net power output 143.17MW
Gas turbine efficiency 36.60%
Exhaust mass flow 416.00 kg/s
Exhaust temperature 545.30 ◦C
Exhaust pressure 1.04325 bar

(b) Gas turbine flue gas composition

Nitrogen N2 74.731% (mol)
Oxygen (O2) 13.364% (mol)
Argon (Ar) 0.895% (mol)
Carbon Dioxide (CO2) 3.433% (mol)
Water (H2O) 7.577% (mol)

tageous compared to the separate generation of heat and power
[30]. CHP processes and their thermodynamic characteristics are
well-understood [17]. However, today, the design of CHP plants
is almost exclusively based on conventional water-steam-based
cycle designs.
The following study investigates the possibility of using co-

generation for power generation and heat extraction for district
heating in sCO2 power cycles. In the present study CO2 is used for
the bottoming cycle in a gas turbine combined cycle application.
The focus is put on simple, recuperated cycles that are further
developed to incorporate potentially more effective design options
for CHP applications. Such options comprise the use of backpres-
sure turbine, split-flow, and turbine extraction cycle designs [17].
The suggested cycle designs options are then analyzed, compared,
and discussed based on different thermodynamic metrics.

SYSTEM DESCRIPTION
In the present study, sCO2 based power cycles for waste

heat recovery in gas turbine combined cycles are investigated, in
particular, regarding their possible use for cogeneration regarding
district heating applications.

Cycle Design
In order to evaluate and analyze the different sCO2 cycle

design options for gas turbine combined cycle cogeneration, a
suitable gas turbine design is used as the basis. In the present
study, a GE 9E.04 gas turbine [31] is employed as the reference
topping cycle incorporating the given ISO operating specifications.
Available data is used for adjusting the specifications regarding
changes in gas turbine exhaust backpressure due to the pressure
drop in the waste heat recovery heat exchanger assuming that
similar values for high-efficiency waste heat recovery applications
can be expected and used as the design basis [32]. The results of
the gas turbine modeling and simulation are given in Table 1.
In the literature, various sCO2 power cycle designs for stan-

dalone power generation are available, of which only a limited
design subset is considered suitable for waste heat applications
[18]. However, the most important design decisions are guided
by the main features of an sCO2 power cycle. Particularly, the
specific properties of CO2 induce power cycle designs that show

high-temperature, high-pressure but low-pressure ratio character-
istics that further have to be highly recuperative for achieving
high cycle efficiencies. The simplest design that complies with
these characteristics is the recuperated cycle design shown in
Figure 1a which further acts as the reference for the derivation of
all subsequent cycle designs.
The simple, recuperated cycle of Design (1) consists of a

motor-driven, main compressor C1, and an expansion turbine
M1 that drives the electric generator G1. Heat is recovered from
the hot flue gas downstream of the gas turbine using the waste
heat exchanger E1. The recooler E3 is used for heat rejection to
the environment. As the CO2 stream at the turbine outlet is still
at a high temperature, the recuperator E2 is used to preheat a
fraction of the high-pressure CO2 stream for improving the cycle
efficiency. Because of the large temperature difference between
the working fluid on the hot and cold side of the recuperator, the
recuperator itself is divided into two separate parts thus comprising
a high-temperature (E2A) and a low-temperature (E2B) section.

Possible design options for incorporating cogeneration options
in the present design can be derived from conventional water-
steam-based cogeneration designs [17]. These options include
conventional backpressure turbines, and turbine extraction designs,
of which the design characteristics are well-understood as they
are widely employed in CHP applications. However, in contrast to
these conventional design options, the characteristics of an sCO2
cycle also allow for a split-flow, recooling option downstream of
the recuperator E2 where a portion of the CO2 stream is used in
the heat exchanger E4 for extracting thermal energy (heat) for
district heating.
In case of the backpressure turbine cycle (Design 1), the

recooler E3 is simply substituted by the heat exchanger E4 for
district heating return and supply (DHRS) that extracts the avail-
able heat for district heating downstream of the recuperator E2 as
shown in Figure 1a. The thermodynamic properties of the sCO2 in
the DHRS heat exchanger E4 are highly nonlinear because of the
specific properties of CO2 near the critical point. This influences
the turbine outlet pressure, which is determined by the allowable
temperature difference at the heat exchanger outlet, as well as the
low-pressure recuperator outlet temperature regarding the possi-
ble occurrence of an internal pinch point in heat exchanger E4.
The compressor inlet temperature is also limited by the available
district heating return temperature. However, it is higher than the
cooling water temperature, thereby shifting the compressor inlet
conditions away from the critical point.
Another option is the use of the split-flow, recooling config-

uration in Design 2. The sequential use of the recooler E3 and
the heat exchanger E4 for district heating provides an additional
degree of freedom thereby enabling a lower turbine outlet pressure
compared to the backpressure turbine configuration. The heat
exchanger E4 for heat extraction for district heating is integrated
downstream of the recuperator E2 in a split-flow arrangement.
Because of the high temperature for waste heat rejection after
the recuperator, a certain amount of the working fluid’s thermal
energy can be further utilized without negatively effecting the
power generation.
The last design option for cogeneration applications consid-

ered in the present study is the turbine extraction design. This
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Figure 1: Flowsheets of sCO2 cycle configurations for combined heat and power applications analyzed in this study.
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configuration incorporates both options of Design 1 into a single-
cycle design that allows for gradually adjusting the amount of
heat that is extracted from the cycle for district heating. This cycle
is depicted in Figure 1c and basically allows for any operation
between standalone power generation and full backpressure oper-
ation. However, a more complex recuperator design is required
as the high-temperature turbine extraction stream is also to be
used in recuperator E2. Furthermore, an additional compressor is
required because of the different pressure levels of the extraction
and recooled streams. For reasons of simplicity, the current study
neglects off-design effects in the compressor train, e.g. compressor
surge, that limit the available operating characteristics.
It is still possible to incorporate even more of the above-

mentioned features to achieve even higher cycle efficiencies.
However, the focus of the present study remains at investigating
the influence of incorporating a cogeneration option for district
heating in waste heat sCO2 power cycles. Therefore, more complex
designs are not considered here.

Cycle Simulation and Design Parameters
The different sCO2 power cycle designs for district heating

applications are modeled and simulated using Ebsilon Professional
[33]. The parameterization of the simulation is based on best-
practice guidelines that represent available knowledge concerning
sCO2 cycle design. This enables the benchmarking and evaluation
of different designs based on steady-state simulations [19, 34]. The
thermodynamic properties of CO2 are calculated using REFPROP
[35, 36].
Based on the available data [19, 34], the main design is

characterized by a compressor inlet pressure of 80 bar and a turbine
inlet pressure of 240 bar. The compressor inlet temperature for the
designs that feature a recooler is assumed to be 32 ◦C using cooling
water (CW) that is available onsite. In case of the backpressure
turbine design, the compressor inlet temperature is determined by
the minimum allowable temperature difference in heat exchanger
E4. The turbine inlet temperature is set by assuming a minimum
temperature difference of 10K and a maximum effectiveness of
0.9 for the recuperator E2 thus maximizing the amount of heat
recuperated in E2 and improving the overall cycle efficiency. A
complete overview of the different simulation parameters is given
in Table 2. As the current study is used for scoping purposes, no
further parameter optimization has been conducted.
In order to determine the influence of the district heating

supply and return temperature on the sCO2 power cycle design
and efficiency, three different sets are defined. In particular, the
temperature split of 90/50 ◦C is used as a reference case as it
can be considered as state-of-the-art in district heating network
configurations [37, 38].

• Set A: 90/50 ◦C
• Set B: 70/40 ◦C
• Set C: 110/60 ◦C

Future district heating network designs are likely to be realized
with even lower supply and return temperatures as chosen for Set B.
In contrast, previous district heating network design generations
are characterized by higher supply and return temperatures as
represented by Set C.

METHODOLOGY
In the present study, a conventional thermodynamic approach

for analyzing the different cycles is used. Therefore, energy-based
metrics are employed to characterize the efficiency of the different
cycle designs incorporating cogeneration for district heating.
Based on thermodynamic first-law principles, the efficiency

of a standalone power cycle can be characterized by its thermo-
dynamic efficiency [w. It is defined as the ratio of generated net
power, in the form of electric or mechanical power, and the thermal
energy supplied by the fuel to the overall system [16].

[w =
¤𝑊net

¤𝑚fuel · LHVfuel
(1)

For cogeneration CHP plants, the overall thermodynamic
efficiency [ov is then calculated as the sum of the net power ¤𝑊net
generated by the cycle and the additional heat ¤𝑄 extracted for
heating purposes [17, 39].

[ov =
¤𝑊net + ¤𝑄

¤𝑚fuel · LHVfuel
= [w + [q = [GT + [CO2 + [q (2)

As a result, the overall thermodynamic efficiency is the sum of
the power generation efficiency [w, and heat generation efficiency
[q. The power generation efficiency itself consists of both cycle
efficiencies, [GT and [CO2 , for the topping and bottoming cycles.
As power and heat are not fully comparable by the first-law of
thermodynamics because of differences in their thermodynamic
quality, the overall thermodynamic efficiency [ov is therefore also
referred to as the energy utilization factor [39].
Another important parameter that characterizes a CHP plant

is the power to heat ratio 𝜎 which determines the proportion of
electric power to heat generated in a CHP process [17].

𝜎 =
¤𝑊net
¤𝑄 =

[w
[q

(3)

If the CHP process uses a split-flow or a turbine extraction
configuration, the overall generated power is generally reduced
because of the heat extraction at a constant fuel rate. Therefore,
the power loss coefficient 𝛽, defined by

𝛽 =
Δ ¤𝑊net

¤𝑄

����
¤𝑚fuelLHVfuel = constant

(4)

characterizes the reduction in available power at a constant fuel
rate if heat is extracted.

All the defined parameters are only valid for a given operation
point and change depending on the power and heat load, the
return and supply temperature of the district heating network, and
the site-specific environment conditions. However, if a suitable
framework for benchmarking is employed, different designs can
be evaluated and compared effectively, thereby characterizing the
available technological potential [40].

RESULTS
Using the data that is obtained by the simulations, the pre-

viously discussed thermodynamic parameters are calculated for
the different sCO2 CHP cycle designs which provide the basis for
detailed analyses and discussions.
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Table 2: Simulation parameters used for the analysis of the sCO2 power cycles designs based on benchmarking data given by Weiland and
Thimsen [34], and Crespi et al. [19].

Unit ID Parameter Value

M1A Turbine Inlet Pressure 240 bar
M1A/B Turbine Isentropic Efficiency 90%
M1A/B Turbine Mechanical Efficiency 99%
C1A/B Compressor Inlet Pressure 80 bar
C1A/B Compressor Isentropic Efficiency 85%
C1A/B Compressor Mechanical Efficiency 99%
C1M Motor Efficiency 95%
G1 Electric Generator Efficiency 98.5%
E1 Minimum Temperature Difference 10K
E2A/B Minimum Temperature Difference 10K
E2A/B Maximum Recuperator Effectiveness 0.9
E3 Cooler Outlet Temperature 32 ◦C
E4 Minimum Temperature Difference 5K

Thermodynamic Analyses
The results of the simulations of the different sCO2 power

cycle designs for CHP are given in Table 3. In general, all the
different cycle configurations can be regarded as high-efficiency
designs. Detailed results of the sCO2 bottoming cycles are depicted
in Table 4.
In comparison, the standalone, non-optimized, power gen-

eration efficiency of the sCO2 combined cycle is comparable to
conventional water-steam-based combined cycles, which is given
with 54.9% for a two pressure non-reheat water-steam bottoming
cycle for a GE 9E.04 gas turbine [31]. Furthermore, the energy
utilization factor for CHP is also within the expected range of 80-
90% for combined cycle applications [41]. Therefore, it becomes
clear that the application of sCO2 cycles for CHP is a poten-
tial technological alternative to conventional water-steam-based
cycles.
As expected, the simple recuperated, recooling Design (1)

for standalone power generation exhibits the highest net power of
206.02MW for combined cycle operation compared to 216MW
for the conventional water-steam-based combined cycle design.
The overall thermodynamic efficiency is 52.65% and the thermo-
dynamic efficiency of the sCO2 cycle is 16.06%. In comparison,
considering the backpressure turbine configuration for the refer-
ence district heating network temperature split of 90/50 ◦C, the
net power is reduced to 186.62MW. Thus, the power generation
efficiency is reduced compared to the standalone power cycle, as
exhibited by a power generation efficiency of 47.69%. However,
the overall efficiency, i.e., the energy utilization factor, accounts
to 89.18%. The power generation efficiency of the sCO2 cycle
amounts to 11.10%. The power-to-heat ratio for the backpressure
turbine configuration is 1.15 and the power-loss coefficient is 0.12.
Both parameters illustrate the large amount of low temperature
thermal energy that is available in sCO2 cycles at the cost of a
marginally reduced power generation.
This special characteristic of sCO2 cycles becomes clearly

visible when analyzing the results of the split-flow, recooling
configuration of Design (2). In this case, the power generation is
slightly reduced in standalone power generation mode because

of the higher hot stream outlet temperature at the recuperator
E2 that is required for heat extraction at heat exchanger E4 for
district heating. However, this feature enables the extraction of a
certain amount of heat at constant power generation. Thus, the
net power amounts to 200.52MW with an overall thermodynamic
efficiency of 51.24% for standalone power generation and an
overall thermodynamic efficiency at maximum heat extraction of
64.88%. The power-to-heat ratio and the power loss coefficient
are calculated to be 3.76 and 0, respectively. The total amount of
heat that can be extracted by this design is about 1/3 of the heat
available in the backpressure turbine design.
The last configuration considered in this study is the turbine

extraction Design (3) that combines both configurations which
are represented by Design (1). By integration of a turbine ex-
traction, it is possible to continuously adjust the amount of heat
extracted for district heating from the cycle. Therefore, the differ-
ent thermodynamic parameters characterizing the cycle design at
maximum power generation and heat extraction are the same as
for Design (1).
However, in contrast to Design (1), the Designs (2) and (3)

using the split-flow, recooling, and turbine extraction design fea-
tures provide the possibility of adjusting the amount of heat that
is available for district heating. This is depicted in Figure 2 where
the net power of each design is shown as a function of the heat
extracted of from cycle. Here, the standalone, recooling and back-
pressure turbine configurations of Design (1) define the reference
points. The split-flow, recooling configuration of Design (2) is
capable of extracting a certain amount of heat without any power
loss as shown by its constant line and represented by its power-
loss coefficient. In contrast, the turbine extraction configuration
is, virtually, capable of switching completely between recooling
operation for standalone power generation and maximum heat
extraction by switching to full backpressure operation at the cost
of a reduced power generation.

Sensitivity Analysis and Discussion
An important aspect for the potential application of sCO2

power cycles for district heating is the dependency on the design
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Table 3: Results of the combined cycle cycle design analyses.

DH Supply/Return 90/50 ◦C DH Supply/Return 70/40 ◦C DH Supply/Return 110/60 ◦C
¤𝑊net ¤𝑄dh [w [ov ¤𝑊net ¤𝑄dh [w [ov ¤𝑊net ¤𝑄dh [w [ov

ID Case (MW) (MW) (%) (%) (MW) (MW) (%) (%) (MW) (MW) (%) (%)

Design (1) max ¤𝑊 206.02 − 52.65 52.65 206.02 − 52.65 52.65 206.02 − 52.65 52.65
max ¤𝑄 186.62 162.35 47.69 89.18 196.46 151.79 50.21 88.99 172.99 176.93 44.21 89.42

Design (2) max ¤𝑊 200.52 − 51.24 51.24 203.36 − 51.97 51.97 197.96 − 50.59 50.59
max ¤𝑄 200.52 53.38 51.24 64.88 203.36 58.14 51.97 66.83 197.96 52.40 50.59 63.98

Design (3) max ¤𝑊 206.02 − 52.65 52.65 206.02 − 52.65 52.65 206.02 − 52.65 52.65
max ¤𝑄 186.62 162.35 47.69 89.18 196.46 151.79 50.2 88.99 172.99 176.93 44.21 89.42

Table 4: Detailed results of the sCO2 bottoming cycles.

DH Supply/Return 90/50 ◦C DH Supply/Return 70/40 ◦C DH Supply/Return 110/60 ◦C

[CO2 𝜎 𝛽 [CO2 𝜎 𝛽 [CO2 𝜎 𝛽
ID Case (%) (–) (–) (%) (–) (–) (%) (–) (–)

Design (1) max ¤𝑊 16.06 – – 16.06 – – 16.06 – –
max ¤𝑄 11.10 1.15 0.12 13.62 1.29 0.06 7.62 0.98 0.19

Design (2) max ¤𝑊 14.66 – – 15.38 – – 14.00 – –
max ¤𝑄 14.66 3.76 0.00 15.38 3.50 0.00 14.00 3.78 0.00

Design (3) max ¤𝑊 16.06 – – 16.06 – – 16.06 –
max ¤𝑄 11.10 1.15 0.12 13.62 1.29 0.06 7.62 0.98 0.19
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Figure 2: Power and heat generation for the different cycle designs. The recooling and backpressure turbine configuration of Design (1)
are used as the reference.

temperatures of the district heating network. The reference case
that has been analyzed regarding the supply and return temper-
atures of 90/50 ◦C has already shown a considerable potential.
This is now further investigated by a sensitivity study where three
different sets of supply and return temperatures are analyzed.
The results are shown in Tables 3 and 4. Compared to the

reference case, a reduction of the supply and return temperature
to 70/40 ◦C generally allows for a higher power efficiency be-

cause of the increased potential to recover thermal energy in the
recuperator E2. In case of the backpressure turbine and turbine
extraction configurations, a lower return temperature also im-
proves the electric efficiency as the compressor inlet temperature
is significantly lower and which can also be used to decrease the
turbine outlet pressure. Both features contribute to the reduction
of the power-loss coefficient.
In contrast, in case of a higher supply and return temperature
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Figure 3: Sensitivity of the power and heat generation regarding changes in the supply and return temperature of the district heating
system. The supply/return temperature configuration 90/50 ◦C is taken as the reference.

of 110/60 ◦C, the power efficiency is reduced compared to the
reference case because of the reduced potential of recovering ther-
mal energy in the recuperator E2. This becomes significant in case
of the backpressure turbine and turbine extraction configurations.
However, the impact on the split-flow, recooling configuration is
in general smaller because the return temperature does not affect
the compression efficiency as the recooler E3 is used for providing
a constant compressor inlet temperature.

Another important information is provided by the dependency
of the generated power when adjusting the amount of heat extracted
from the cycle as depicted in Figure 3. Both configurations of
Design (1) with a supply and return temperature of 90/50 ◦C are
used as the reference configuration for reasons of comparability.
As the standalone power generation configuration is not affected
by the changes in the supply and return temperatures, the reference
point does not change. In contrast, by increasing the supply and
return temperatures, the power generation is significantly affected
in the backpressure turbine and turbine extraction configurations.
However, in case of the split-flow, recooling configuration, this
effect is less significant. On the other hand, if the supply and return
temperatures are reduced, the effect on the power generation
is reduced for the backpressure turbine and turbine extraction
configurations. In case of the split-flow, recooling configuration,
the power generation almost approaches the standalone power
generation configuration in terms of its power efficiency.
The analyses of the different sCO2 cycle configurations in

gas turbine combined cycle designs for cogeneration for district
heating have shown that sCO2 cycles can be effectively used in
such a setting. High power efficiencies can be realized while
providing the possibility to also efficiently extract a significant
amount of heat.

Depending on the cycle design, a certain amount of heat can
be extracted without negatively affecting the power generation,
e.g., by the split-flow, recooling design. This is an interesting
feature that cannot be found in conventional water-steam-based
waste heat recovery systems that are used for cogeneration.

Another important feature is the additional degree of freedom
that is introduced by the recuperator that thermally decouples
the high temperature and low temperature parts in sCO2 cycles.
Thereby, the influence of increased heat extraction on the power
generation is reduced because of the possibility to adjust the cycle
design with respect to the low temperature thermal energy level
that is required in district heating.

CONCLUSIONS
The present study investigates the potential of using sCO2

power cycles as the bottoming cycle in gas turbine combined
cycles for cogeneration. Based on the design information of an
sCO2 cycle for standalone power generation, different designs
and configurations have been analyzed and discussed. It has
been shown that even a simple, recuperated sCO2 cycle design
can be used for high-efficiency power generation comparable
to conventional water-steam-based cycle designs. Because of
the large amount of available low-temperature thermal energy,
sCO2 cycles can be effectively used in combined heat and power
applications for district heating. In particular, if future district
heating network designs are designed and operated at even lower
supply and return temperatures, an sCO2 bottoming cycle provides
the possibility to extract a significant amount of heat without
negatively affecting the power generation by effectively decoupling
the high temperature and low temperature side of the sCO2 cycle
by the recuperator as shown for the split-flow design.
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Based on the promising results of the present study, the
different cycle designs options are to be analyzed inmore detail. As
the recuperated cycle analyzed in this study represents the simplest
of all sCO2 cycle configurations, other cycle designs incorporating
split-flow expansion, and intercooling compression configurations
should be investigated. Furthermore, the combination of the split-
flow, recooling, and turbine extraction designs can result in further
advantages by effectively combining the characteristics of both
configurations reducing the impact of the heat extraction on the
power generation. In general, the use of sCO2 power cycles as
a bottoming cycle in combined cycles for power generation and
district heating can be considered a viable future application.

NOMENCLATURE
¤𝑚 Massflow (kg/s)
¤𝑊 Power (MW)
¤𝑄 Heat rate (MW)

LHV Lower heating value (kJ/kg)
𝛽 Power loss coefficient (–)
[ Thermal efficiency (–)
𝜎 Power to heat ratio (–)
Superscripts and subscripts
fuel Fuel
net Net
ov Overall
q Heat
w Power
Acronyms
C Compressor
CHP Combined heating and power
CW Cooling water
DH District heating
DHRS District heating return and supply
E Heat exchanger
G Generator
M Turbine, electric motor
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