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Abstract 
 
Ambitious targets for reducing carbon dioxide (CO2) emissions are set by Norwegian authorities to address the 
concerns about global warming. Emission reductions in the offshore heat and power sector can play a role in 
reaching these targets. Parts of the efforts in industry and academia to reduce offshore emissions are concerned 
with introducing new design configurations or proposing novel operational strategies for the combined heat and 
power cycles. Therefore, there is a desire to have a fast and reliable design and assessment tool to be used in the 
early design stage. Here, a generalized design and performance simulation tool is developed presenting a design 
point and off-design simulation of the offshore heat and power cycles. It helps the designer provide a fast and 
accurate thermodynamic assessment of proposed design solutions. The tool has a graphical user interface to 
facilitate working with the tool with a minimum level of effort and background knowledge from the user. Five 
part-load control strategies are included in the tool. The tool is verified with available data in the open literature 
and the results are shown to be in good agreement with the reference data. A combined heat and power cycle is 
designed and simulated at part-loads as a case study. The cycle includes a gas turbine, a process heat extraction 
unit, and an organic Rankine bottoming cycle. The simulated performance of the design case in various control 
strategies is compared showing a 2.5% emission reduction relative to the baseline control strategy.  

Keywords: Process simulation, Variable area nozzle turbine, Sliding pressure, Offshore heat and power, Organic 
Rankine cycle, Carbon emission 
 
1 Introduction 
Norway and Iceland have targeted to cut CO2 
emissions by at least 40% relative to the level from 
1990 [1]. Norway has pushed the target further up to 
55% under the Paris agreement [1]. Oil and gas 
extraction activities have the highest share of total 
CO2 equivalent emissions in Norway. About 27% of 
total emissions in 2020 originated from oil and gas 
installations [2]. A potential solution to reduce CO2 
emission in offshore oil and gas installations is 
producing extra power from the recovered waste 
heat of gas turbines (GTs). It was shown in [3] that 
smaller size gas turbines have the opportunity for 
higher power recovery from the waste heat per unit 
of the installed gas turbine power size. 
Organic Rankine cycles (ORC) have shown 
competency for low-footprint power production as 
the bottoming cycle in offshore installations. They 
are compact and can operate autonomously with 
lower operating and maintenance costs relative to 
steam bottoming cycles [4]. Offshore combined heat 
and power cycles can be accompanied by renewable 

energy sources for carbon-reduced power 
production. Intermittent availability of renewable 
energies puts gas turbines and the bottoming cycles 
in part-load operation for most of their lifetime. 
Therefore, several efforts are seen in the open 
literature to further optimize ORCs in the off-design 
part-load operation. The improvements include the 
development of new operational strategies, 
component performance upgrades, finding suitable 
working fluids, and proposing layout design 
solutions. It was studied in [3] how different ORC 
configurations with a heat transfer interloop and 
recuperators can influence the system performance. 
An optimization on determining the most 
appropriate organic working fluid among 39 
different candidates is carried out in [5]. The study 
showed that the optimal ratio of fluid critical 
temperature to the cycle evaporation temperature 
lies in the range of 0.93 to 1.02. Manente et. al., 
presented an off-design simulation model to 
optimize the control strategy in an ORC [6]. They 
showed that ambient temperature has a great 
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influence on the cycle performance in air-cooled 
systems. A thorough insight into how ORC 
components upgrade can influence the cycle 
performance is presented in [7].           
With the ongoing improvements in the industry and 
academia on ORC performance, it is desired to have 
a fast and accurate design and simulation tool for 
performance assessment of the system in the early 
stages. A knowledge gap is identified in simulation 
tools covering different part-load control strategies 
in a gas turbine – ORC combined cycles. A tool that 
can provide users with the flexibility to select the 
configuration and operational strategy. Here an in-
house tool is developed to design and simulate an 
ORC cycle with different part-load control 
strategies. The tool has three main featuring 
sections. The design section provides a design tool 
that enables the designer to have a fast assessment 
of the ORC in the design point. The parametric study 
section determines the performance behavior of a 
designed candidate in the design choice range. The 
simulation section evaluates the key performance 
indicators under different control strategies at off-
design operation. An arbitrary working fluid is 
allowed in the tool. Therefore, users can choose 
among about 100 known working fluids in the 
library. A calculation of the required area and 
volume of the heat exchangers is provided to help 
the designer have a good estimation of the design 
case footprint.  
2 Method 
The design and simulation algorithm, scientific 
background, and mathematical formulations are 
presented. The calculations are based on basic 
thermodynamic and fluid dynamic principles. The 
open-source CoolProp package is used as the 
thermodynamic library to determine the 
thermodynamic properties of the fluids in each 
thermodynamic state. CoolProp is a comprehensive 
and free thermodynamic database that provides a 
fast and accurate estimation of thermodynamic 
properties for a wide range of organic fluids [8]. A 
list of available substances as the working fluid is 
available on the CoolProp reference list. 
The cycle performance is estimated by identifying 
the thermodynamic states in the intercomponent 
stations in the cycle. It is known that two 
independent thermodynamic properties are 
sufficient to determine the thermodynamic state of a 
single-phase substant uniquely [9]. Mass flow rate is 
the third parameter to determine component 
performance. Therefore, three parameters at each 
station are necessary and enough to determine a 
component’s performance. Each station is then 
identified by setting two thermodynamic properties 
and the mass flow rate passing through that inter-
component point. A pinch point temperature 
difference (PPTD) approach is taken to design 
temperatures in the heat exchangers.     

2.1 System layout configuration 
A single spool gas turbine is used as the topping 
cycle. In a single spool gas turbine, the compressor 
(COM), the turbine (TUR1), and the electric 
generator (GEN1) are mounted on the same shaft. 
Energy is added to the cycle by burning the fuel in 
the combustion chamber (CC). Process heat is 
extracted from the gas turbine exhaust at heat 
exchangers (Hex) before the bottoming cycle waste 
heat recovery unit. An intermediate heat transfer oil 
loop is placed between hot gas flow and the ORC to 
avoid direct contact of oxygen-rich exhaust gas and 
the organic fluid. A cascade layout is chosen for the 
combined cycle to avoid power capacity disturbance 
upon process heat demand change [4]. The exhaust 
heat then is retracted in a superheater (SUP), an 
evaporator (EVA), and an economizer (ECO) placed 
in series to provide heat to the ORC cycle.  The ORC 
cycle is a simple cycle that consists of a variable 
frequency drive pump, an economizer, an 
evaporator, a superheater, a throttle valve (in a 
throttling scenario), and a turbine expander (TUR2), 
and a condenser (CND). A cooling loop supplied by 
the see freshwater is located downstream to absorb 
the ORC rejected heat. A second electric generator 
(GEN2) is coupled to the ORC turbine to convert the 
shaft mechanical power to electric power. Cycle 
configuration and intercomponent station 
nomenclatures are illustrated in Fig. 1. 

 
Figure 1: Gas turbine ORC layout configuration. (The 

abbreviations are explained in the Nomenclature.) 

Table 1: Design point input/output list 

Input Data Output Results 
Working fluid name ORC power 

Process Heat demand Working fluid 𝑇𝑇𝑐𝑐 
Superheating ORC pressure ratio 
𝐸𝐸𝐸𝐸𝑇𝑇, �̇�𝑚𝐺𝐺𝐺𝐺 , 𝜂𝜂𝐺𝐺𝐺𝐺 ηORC , ηcc 
ηpump, ηturbine ṁORC 

T3 , T1, Tcw Tstack 
PPTDECO,IOL,CND ϵEVA , ϵECO 
ΔPECO,EVA,CND PPTDEVA 

Cooling Water

Process Heat

Air Inlet

Air Stack

1

2 3

4
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2.2 ORC design tool 
The design module in the tool gets the input 
parameters and provides the user with output results 
based on the design calculations. Tab. 1 includes the 
list of required input data and output results. This 
section includes the sequence of design calculations. 

2.2.1 Process heat  
Hot gas leaving the gas turbine undergoes a constant 
pressure heat transfer to supply the process heat 
required by the platform. The amount of needed 
heat, the exhaust gas mass flow rate, and the exhaust 
gas temperature are set by the user as inputs. 
Discharge air properties are calculated based on the 
conservation of energy law.  
2.2.2 Intermediate oil heat exchanger 
The flue gas then passes through an intermediate oil 
heat exchanger to transfer the energy from hot air to 
the ORC working fluid. A temperature drop equal to 
the allowed PPTD is imposed to determine the oil 
temperature. Air pressure drops in the heat 
exchangers are neglected as they do not influence 
the ORC performance. 
2.2.3 ORC heat transfer 
Heat transfer to the organic fluid is carried out in 
three main heat exchangers: an economizer, an 
evaporator, and a superheater (Fig. 1). Evaporation 
and condensing pressure are determined according 
to the saturation temperature in the evaporator and 
condenser. 𝑃𝑃1 ,𝑃𝑃2,𝑃𝑃3,𝑃𝑃4 are then calculated based on 
the pressure loss values provided by the user as 
inputs. The thermodynamic cycle is designed to 
have the working fluid in the liquid saturation phase 
at the economizer-evaporator interface. Evaporator 
discharge temperature is elevated by the degree of 
superheating to set the turbine inlet temperature in 
the superheated gas region. The cooling water mass 
flow rate through the condenser is designed for 
having the allowable PPTD at the condenser’s hot 
side.   
2.2.4 ORC pump and turbine  
Knowing the inlet conditions of the pump and 
turbine, the discharge thermodynamic properties are 
calculated based on the isentropic efficiency 
concept. The pump or turbine discharge enthalpy is 
determined by knowing the pressure ratio across the 
component, the isentropic efficiency, and the inlet 
thermodynamic conditions. 

ℎ𝑜𝑜𝑜𝑜𝑜𝑜 = ℎ𝑖𝑖𝑖𝑖 + �ℎ𝑜𝑜𝑜𝑜𝑜𝑜,𝑠𝑠 − ℎ𝑖𝑖𝑖𝑖�𝜂𝜂𝑠𝑠𝑖𝑖  (1) 

Where n is 1 for a turbine and -1 for a pump.   
2.2.5 Stack 
Flue gas temperature is determined by setting the 
temperature difference at the economizer cold side 
to the allowed PPTD value. The organic fluid mass 
flow rate is adjusted to reach the desired temperature 
difference at the economizer cold side. Heat transfer 
effectiveness of the evaporator and the economizer 

are calculated by knowing the air temperature on 
both sides of the heat exchangers.  
2.2.6 ORC performance  
Cycle power output is simply the difference between 
power generated by the turbine and power consumed 
by the pump. The turbine/pump power is determined 
based on energy conservation law and knowing the 
mass flow rate, inlet, and discharge conditions of the 
component. Mechanical efficiency and electrical 
generator efficiency are set to unity in this work but 
can be adjusted in the code. Cycle thermal efficiency 
is defined as the ratio of power output to energy 
input in the cycle. Where delivered energy is 
calculated from the enthalpy difference between the 
superheater hot side and the economizer cold side. 
Finally, the combined cycle efficiency is defined as 
the ratio of ORC and gas turbine power output 
divided by the energy input to the system. 

𝜂𝜂𝑐𝑐𝑐𝑐 = 𝜂𝜂𝐺𝐺𝐺𝐺 + (1 − 𝜂𝜂𝐺𝐺𝐺𝐺)
�̇�𝑊𝑂𝑂𝑂𝑂𝑂𝑂

�̇�𝑚𝐺𝐺𝐺𝐺(ℎ𝐸𝐸𝐺𝐺𝐺𝐺 − ℎ𝑎𝑎𝑎𝑎𝑎𝑎)
  (2) 

2.2.7 Heat exchanger size estimation  
The heat exchanger’s footprint is estimated based on 
the required effective area for the heat transfer. A 
generic shell and tube configuration is assumed for 
the heat exchangers. The generic model proposed in 
[10], allows for fast design and acceptably accurate 
performance estimation in the early design stage. 
The heat exchanger effective area calculation 
procedure is adapted from [11], [12]. Heat transfer 
effectiveness is calculated according to the heat 
exchanger temperatures.  

𝜖𝜖 =
𝑇𝑇ℎ𝑜𝑜𝑜𝑜,𝑖𝑖𝑖𝑖 − 𝑇𝑇ℎ𝑜𝑜𝑜𝑜,𝑜𝑜𝑜𝑜𝑜𝑜

𝑇𝑇ℎ𝑜𝑜𝑜𝑜,𝑖𝑖𝑖𝑖 − 𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐,𝑖𝑖𝑖𝑖
  (3) 

𝐶𝐶𝑎𝑎𝑖𝑖𝑖𝑖/𝑎𝑎𝑎𝑎𝑚𝑚 = min/𝑚𝑚𝑚𝑚𝑚𝑚[𝐶𝐶𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐  ,𝐶𝐶ℎ𝑜𝑜𝑜𝑜] (4) 

𝐶𝐶𝐶𝐶 =
𝐶𝐶𝑎𝑎𝑖𝑖𝑖𝑖
𝐶𝐶𝑎𝑎𝑎𝑎𝑚𝑚

 (5) 

𝑈𝑈𝑈𝑈 =
𝐶𝐶𝑎𝑎𝑖𝑖𝑖𝑖

CR − 1
log �

1 − 𝜖𝜖
1 − 𝜖𝜖𝐶𝐶𝐶𝐶

� (6) 

The overall heat transfer coefficient is calculated 
based on the method suggested in [10], [12] and the 
Nusselt number, Reynolds number, Prandtl number, 
and friction factor inside the heat exchanger tubes.  

𝑁𝑁𝑁𝑁 =
(𝐶𝐶𝑒𝑒𝐷𝐷 − 103)𝑃𝑃𝑃𝑃

𝑐𝑐𝑓𝑓
2  

1.0 + 12.7�
𝑐𝑐𝑓𝑓
2 (𝑃𝑃𝑃𝑃2/3 − 1)  

  (7) 

𝛼𝛼 =
𝑁𝑁𝑁𝑁𝑁𝑁
𝐷𝐷

 (8) 

𝑈𝑈 = [𝛼𝛼ℎ𝑜𝑜𝑜𝑜−1 + 𝛼𝛼𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐−1 ]−1 (9) 

By knowing the overall heat transfer coefficient, the 
required effective area is calculated from equations 
6 and 9. Afterwards, the width and volume of heat 
exchangers are estimated according to the effective 
area needed. It is assumed for the heat exchangers to 
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have 1000 pipes with 30 mm diameter and 90-
micron surface roughness. These assumptions can 
be changed by the user. The on-design calculation is 
repeated for various design points upon user request 
in the parametric study mode. The designed 
thermodynamic cycle is graphically generated in a 
temperature-entropy diagram and is shown to the 
user. 
2.3 Off-design Simulation  
Plant off-design simulation includes performance 
analysis of the combined cycle in 30%-100% of gas 
turbine power loads. Gas turbine discharge 
temperature, mass flow rate, and thermal efficiency 
are the inputs to the off-design calculations. ORC 
power output, ORC thermal efficiency, and 
combined cycle efficiency at the power load range 
are the output results from the off-design analysis 
tool. The simulation is carried out for five different 
ORC control strategies. The simulated control 
strategies are sliding pressure, throttling valve 
control, partial addition turbine control, variable 
area nozzle (VAN) turbine control, and cooling 
water flow rate control strategies. The five 
implemented part-load control strategies in the tool 
are introduced here while a more detailed 
explanation of their operation principle and 
background can be reached in [13]. 
2.3.1 Control strategies  
A controller with a sliding pressure strategy uses a 
variable speed pump that adjusts the cycle flow rate 
by manipulating the pump’s rotational speed. The 
evaporation pressure slides to match the cycle with 
reduced heat available to the ORC in part-loads. 
A VAN turbine has pivoted vanes as stator blades in 
the turbine stationary part. In this strategy, the 
evaporation pressure is kept as high as possible in 
the part-loads by adjusting the turbine vanes setting 
angle and modifying the turbine performance 
without blockage losses [14]. Partial admission 
turbine control logic has the same strategy as with 
variable area nozzle except that the mass flow rate 
admitted to the turbine is regulated by changing the 
turbine inlet annulus area [15]. The VAN turbine 
control strategy shows higher part-load cycle 
efficiency than the partial admission turbine strategy 
due to less aerodynamic pressure loss in the turbine 
inlet passage throughflow [16].  
The throttling part-load control strategy uses a 
throttle valve placed at the evaporator discharge to 
regulate the pressure of the flow entering the turbine. 
The turbine inlet pressure and mass flow rate are 
reduced simultaneously in part-load to adjust the 
ORC power output according to the waste heat 
available from the gas turbine. 
In the cases where a gap exists between the ORC 
condensing temperature and the supply cooling 
water temperature in the design point operation, a 
cooling flow adjustment can be used to allow more 
efficient power regulation in part-load. Despite the 
previously mentioned control strategies, the cooling 

flow control logic can accompany various control 
logics to further boost the part-load ORC efficiency. 
The off-design simulator is an optimizer that finds 
the optimal thermodynamic cycle in each off-design 
operational condition. The optimization target is set 
to be the plant combined-cycle thermal efficiency 
but can be easily changed to ORC power output, 
ORC thermal efficiency, or any other desired figure 
of merits. The optimizer undergoes a simple plane 
search between all possible manipulating parameters 
to find the optimal operating point in each off-design 
condition. In each part-load condition, an ORC cycle 
is established including the thermodynamic state and 
the mass flow rate at all intercomponent stations, 
and the corresponding setting variables in the 
controller. The number of manipulating parameters 
is three in the cooling flow control strategy, two in 
variable area nozzle and partial turbine control 
strategies, and one in the throttling and sliding 
pressure control strategy. The cycle mass flow rate 
is a manipulating parameter in all mentioned control 
strategies. The cycle pressure ratio is the second 
setting parameter in the control logic with more than 
one degree of freedom. Condensing temperature is 
the third manipulating parameter used in the cooling 
flow rate control strategy.  
2.3.2 Heat exchangers performance  
Off-design pressure drop and heat transfer 
effectiveness in the heat exchangers deviates from 
the design values in part-load operation and are 
simulated based on the method presented in [13]. A 
𝛽𝛽 parameter is introduced which accounts for the 
change in the heat transfer coefficient of a heat 
exchanger [17]. The shift in heat transfer coefficient 
is calculated according to the change in flow Nusselt 
number and the fluid conductivity.  

𝛽𝛽 = (
𝑁𝑁𝑁𝑁
𝑁𝑁𝑁𝑁𝑐𝑐𝑑𝑑

)(
𝑁𝑁
𝑁𝑁𝑐𝑐𝑑𝑑

)  (10) 

𝑈𝑈
𝑈𝑈𝑐𝑐𝑑𝑑

=
2𝛽𝛽𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝛽𝛽ℎ𝑜𝑜𝑜𝑜
𝛽𝛽𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 + 𝛽𝛽ℎ𝑜𝑜𝑜𝑜

 (11) 

2.3.3 Turbine off-design performance  
Turbine off-design performance prediction is a 
calculation of turbine pressure ratio and isentropic 
efficiency for given mass flow rate, inlet flow 
conditions, and rotational speed. To accomplish the 
analysis in given off-design working conditions, a 
performance map is introduced for each turbine 
geometry. It is a graphical diagram that illustrates 
the quantitative relation between four non-
dimensional parameters determining the turbine 
performance [18].  
A generalized turbine performance map is used 
since very little geometrical information is available 
in the early design stage. The turbine performance 
map and the pump performance map are adapted 
from [19] and [20], respectively.  The performance 
maps are normalized and scaled to the design mass 
flow rate and pressure ratio values. This approach 
offers flexibility to designers for locating the design 
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point locating in the performance map. In this work, 
a choke margin is defined to parametrize the location 
of the turbine design point in the design speed line 
of the turbine performance map. Choke margin is 
defined as the ratio of the mass flow rate difference 
between the design point and maximum mass flow 
rate in the design speed line over the difference 
between maximum and minimum mass flow rates in 
the design speed line.  
A generalized turbine efficiency model is presented 
in [21] for radial turbines and is used here. Turbine 
performance change due to adjusting the setting 
angle in the variable nozzle vanes is modelled in [19] 
for the range of 20% to 144% of vanes opening 
angle. The required turbine vane opening angle in 
each part-load condition is determined based on the 
desired mass flow rate and pressure ratio through the 
turbine. Afterwards, the variable area nozzle turbine 
isentropic efficiency is calculated using the specific 
speed parameter, the setting value for the vanes 
opening angle and the model presented in [19]. 
Specific speed is a well-known indicator for 
turbomachines which accounts for a combination of 
mass flow rate and pressure rise.  

𝑁𝑁𝑁𝑁 =
𝑁𝑁𝑄𝑄1/2

𝛥𝛥ℎ𝑠𝑠
3/4   (12) 

Partial admission turbine efficiency at off-design 
conditions is simulated based on the method 
presented in [13]. The throttle valve performance 
placed before the turbine is predicted according to 
the method presented in [13] where a constant 
enthalpy pressure reduction is considered in the 
valve.  
2.3.4 Off-design solver algorithm  
The algorithm of the off-design solver is introduced 
here. A design point calculation is carried out before 
starting an off-design analysis. Therefore, design 
data required in the off-design analysis would be 
available to the solver. The off-design optimization 
is a plane search over all possible sets of 
manipulating parameters and then picking up the 
optimal one by comparing them to all other sets of 
target outputs. An n-dimensional array of 
manipulating parameters is set representing the 
possible options of the controller setting in different 
control strategies. Where n is the controller degree 
of freedom in each control strategy. Tab. 2 
represents the list of manipulating parameters for the 
studied control strategies.  

Table 2: manipulating variables as the controller setting 

Control strategy Manipulating 
parameters 

Sliding pressure �̇�𝑚𝑑𝑑𝑜𝑜𝑎𝑎𝑑𝑑 
Throttling valve �̇�𝑚𝑑𝑑𝑜𝑜𝑎𝑎𝑑𝑑 

Partial admission turbine �̇�𝑚𝑑𝑑𝑜𝑜𝑎𝑎𝑑𝑑 ;𝑃𝑃𝐶𝐶𝑜𝑜𝑜𝑜𝑡𝑡𝑎𝑎 
VAN turbine �̇�𝑚𝑑𝑑𝑜𝑜𝑎𝑎𝑑𝑑 ;𝑃𝑃𝐶𝐶𝑜𝑜𝑜𝑜𝑡𝑡𝑎𝑎 
Cooling flow �̇�𝑚𝑑𝑑𝑜𝑜𝑎𝑎𝑑𝑑 ;𝑃𝑃𝐶𝐶𝑜𝑜𝑜𝑜𝑡𝑡𝑎𝑎 ;𝑇𝑇𝑂𝑂𝐶𝐶𝐷𝐷  

Evaporation and condensing temperature/pressure 
are determined using the pressure ratio value and 
assuming no change in the condensing temperature; 
except for the cooling flow rate control strategy 
where the condensing temperature is set by the 
controller. The pump discharge pressure is 
calculated based on the modified pressure loss in the 
heat exchangers. The pump outlet temperature is 
identified using the pump isentropic efficiency 
resulting from the pump performance map. The 
economizer hot/cold side temperatures are 
calculated according to the modified heat transfer 
coefficient of the heat exchangers. The implicit 
equations for heat exchanger’s inlet/outlet 
temperatures require an iterative approach to solve. 
The trial-and-error method is used for this iterative 
solver. After determining the heat exchanger’s 
temperatures, turbine inlet conditions are calculated 
accordingly. With all thermodynamic states and 
mass flow rates known, ORC performance (power 
output and thermal efficiency) is calculated.                             
2.4 Software framework 
The simulation process is implemented as an in-
house code in MATLAB [22]. A user interface is 
integrated into the code to facilitate using the tool for 
the users. The inputs can be fed into the tool both 
through a graphical table interface and through a 
data file. The user has the option to save and load 
both input data and results for a more convenient 
operation with the tool. Gas turbine off-design input 
data is delivered to the tool in the form of an Excel 
spreadsheet.   
2.5 Tool verification 
The validity of the tool is assessed by checking the 
output results against available data in the open 
literature. Simulation results are compared with the 
information presented in [23]. The verification is 
carried out in the rated power and 50% power load. 
In the reference work, A Solar Centaur 50 gas 
turbine is working as the topping cycle and an ORC 
operates as the bottoming cycle. Two different 
organic fluids are covered in the verification process 
to check the dependency of the results on the 
working fluid. The verification data are tabulated in 
Tab. 3 showing approximately 1% relative error in 
the results. Therefore, it could be inferred that the 
simulation tool results are in good agreement with 
openly published data in the literature.    
2.6 Case study 
The developed tool is named ORCSIM and is used 
to design and simulate a combined cycle. SGT800 
gas turbine is considered as the topping cycle on the 
platform. The gas turbine load is controlled using 
compressor variable guide vanes to prevent drastic 
decay of exhaust heat temperature at part-load. 8 
MW heat is extracted at the gas turbine discharge to 
provide the heat demand on the platform. 
Cyclopentene is the selected working fluid for the 
ORC since it has suitable pressure values in the 
range of operating temperatures.  
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Table 3 Simulation tool verification 

Parameters Verification cases 
Case 1 Case 2 Case 3 

gas turbine load [%] 100 100 50 
ORC working fluid MDM2 Toluene Toluene 

EGT [°C] 520 520 358 
�̇�𝑚𝐺𝐺𝐺𝐺 [kg/s] 19.2 19.2 19.2 
𝜂𝜂𝐺𝐺𝐺𝐺 [% LHV] 28.9 28.9 23.8 

𝜂𝜂𝑂𝑂𝑂𝑂𝑂𝑂 , open literature [%] 17.1 27.8 26.7 
𝜂𝜂𝑂𝑂𝑂𝑂𝑂𝑂 , current study [%] 17.2 27.9 27.0 

relative error [%] 0.5 0.3 1.1 

Design assumptions and input data to the design case 
are adopted from the design case in [13] except for 
the PPTD in the heat exchangers which is set to 15℃ 
for a lower footprint on the platform. A parametric 
study is conducted to find the optimal design point 
based on higher power capacity and lower footprint. 
Afterwards, an off-design simulation is conducted 
on the designed combined cycle to assess the cycle 
performance in part-load with the presented control 
strategies.  
3 Results and Discussion 
Fig. 2 and Fig. 3 show how the power capacity of the 
ORC and total heat exchangers volume per MW 
vary with different design temperatures in the 
subjected design case, respectively. The design 
evaporation and condensing temperature are 
selected from the parametric study to be 200°C and 
50°C, respectively. The designed cycle is shown to 
have the ability to provide 3.4 MW of power with 
18.1% thermal efficiency at the design point. The 
required total volume and total effective heat 
transfer area of the heat exchangers are estimated to 
be 1100 𝑚𝑚3 and 4200 𝑚𝑚2 for the design case, 
respectively. 
The simulations showed near-constant thermal 
efficiency at off-design loads with VAN turbine 
control logic and cooling flow control logic. 
However partial admission turbine control strategy, 
sliding pressure strategy, and throttling control 
strategy experienced higher efficiency loss relative 
to the VAN turbine control strategy. The plant with 
VAN turbine as the ORC expander showed to have 
a 1.25 percentage point higher combined cycle 
efficiency at 50% gas turbine load. It will result in 
2.5% less CO2 emission at part-load operation.  
4 Summary and Conclusions 
An in-house design and simulation tool was 
developed to facilitate the design procedure and an 
early performance assessment of GT-ORC 
combined cycles. The tool offers a graphical user 
interface for a more convenient design experience. 
Background scientific principles, mathematical 
formulations, and the coding algorithm were 
explained. A sample case was designed, and the 
part-load performance was discussed according to 
the results from the simulation tool. Five control 
strategies for off-design power demands were 

studied. VAN turbine control strategy showing 
higher thermal efficiency can be a potential solution 
for reducing carbon emission on the offshore oil and 
gas platforms as it reduced the CO2 emission by 
2.5% at part-load operation.  
ORC part-load thermal efficiency of the subjected 
design case is illustrated in Fig. 4. VAN turbine 
control strategy outperformed other studied control 
strategies by higher thermal efficiency at part-load.    

 
Figure 2: ORC power output design study [MW] 

 
Figure 3  Heat recovery unit specific volume [𝑙𝑙𝑙𝑙𝑙𝑙/𝑁𝑁𝑊𝑊] 

 
Figure 4: ORC part-load efficiency 
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Nomenclature 
A heat exchanger effective area (𝑚𝑚2) 
C heat capacity (𝐽𝐽/𝐾𝐾) 
CR heat exchanger heat capacity ratio 
𝑐𝑐𝑓𝑓 skin friction factor 
D diameter (m) 
ℎ enthalpy (J/kg) 
k thermal conductivity (𝑊𝑊/𝑚𝑚𝐾𝐾) 
�̇�𝑚 mass flow rate (kg/s) 
n exponent in the efficiency formula  
N rotational speed (𝑃𝑃𝑚𝑚𝑟𝑟/𝑁𝑁) 
Nu Nusselt number 
𝑁𝑁𝑁𝑁 turbine specific speed 
P pressure (Pa) 
Pr Prandtl number 
Q volume flow rate 
Re Reynolds number 
T temperature (K) 
U  overall heat transfer coefficient 

 (𝑊𝑊/𝑚𝑚2𝐾𝐾) 
�̇�𝑊 power (W) 
Greek letters  
𝛼𝛼 convective heat transfer coefficient 
𝛽𝛽 heat transfer ratio coefficient 
𝜂𝜂 efficiency 
𝜖𝜖 heat transfer effectiveness  
Abbreviations  
CC combustion chamber 
CND condenser  
COM compressor 
ECO economizer 
EGT gas turbine exhaust temperature 
EVA evaporator 
GEN generator 
GT gas turbine  
Hex heat exchanger 
ORC organic Rankine cycle 
PPTD pinch point temperature difference 
PR pressure ratio 
SUP superheater 
TUR turbine 
Subscripts  
1 ORC pump inlet 
2 economizer inlet 
3 Evaporator outlet 
4 Turbine outlet 
amb ambient 
c critical 
cc combined cycle 
cold heat exchanger cold side  
cw cooling water supply 
D based on diameter 
dp design point 

hot heat exchanger hot side 
in inlet 
IOL intermediate oil loop 
max maximum 
min minimum  
out outlet 
pump related to pump 
s isentropic 
turbine related to turbine 
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