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Executive summary 

The computer-based experimentation covers almost the entire activity chain of the PVT sector. The PVT community 

carries out very different kind of modelling and simulation labours in order to answer to very diverse needs, such 

as proof-of-concepts, research, design, sizing, controlling, optimization, validation, marketing, sales, O&M, etc. 

The modelling and simulation activities are key for success, but only if the outcomes are reliable and ñgood enoughò 

for desired KPI estimation. Thus, the current report represents the current numerical simulation tools that the 

community is using for PVT collectors and systems modelling. 

During the IEA SHC Task 60 the experience of the community with up to 11 different tools has been gathered for 

PVT collector and/or system level modelling, including 24 different case studies. Additionally, the gap between the 

user expectation and real experience has been collected and clustered. Finally, a useful guideline for PVT collector 

model parameterization is included, as a link between normative coefficients and numerical tools. 
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1 Introduction 

The report summarizes the currently available and most commonly used tools for solar photovoltaic-thermal (PVT) 

solutions performance determination. 

Although computer-based modelling and simulation covers almost the entire value chain of the PVT community 

activity, proof of new concepts, applied research, solutions design, components sizing, control strategies tuning, 

overall optimization, validation, marketing/sales labors, operation and maintenance, etc. the current work is mainly 

focused on PVT collectors and systems energy performance determination.  

However, within the PVT community there are two modelling approaches depending on the partner needs or 

purpose of the simulation activity, based on the accuracy vs quick results trade off. 

Thus, the report first addresses some general considerations about the specific modelling activity considered within 

the Task 60, then the different tools are presented, included some modelling examples, and finally current modelling 

gaps are highlighted. 
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2 Tools and environments 

The tools and environments considered in the current chapter are the ones used or known by the PVT community 

represented in the Task 60. However, other initiatives might be available or under use for collectors and systems 

performance modelling and simulation. 

The numerical modelling solutions considered in the current analysis are listed below in two different groups. On 

the one hand, the tools or specifically suited software for energy systems entire year performance determination. 

On the other, numerical analysis environments or programming solutions that could be used for different kind of 

modelling purposes. 

2.1 Specific purpose software 

The entire year PVT based solutions energy performance determination is a common need among the PVT 

community members. In order to obtain those energy performance figures, there are two main commercial software 

currently used, TRNSYS® and Polysun®. Both initiatives are based on configurable transient analysis, and are 

offering different components portfolio and some flexibility for component parameterization/development. 

2.1.1 TRNSYS® 

TRNSYS®1 is an extremely flexible graphically based software environment used to simulate the behaviour of 

transient systems. While most simulations are focused on assessing the performance of thermal and electrical 

energy systems, TRNSYS® can equally well be used to model other dynamic systems such as traffic flow, or 

biological processes. 

 

Figure 1: Typical PVT system representation on TRNSYS® deck. 

 
1 http://www.trnsys.com/  

http://www.trnsys.com/
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TRNSYS is made up of two parts. 

a) An engine or kernel that reads and processes the input file, iteratively solves the system, determines 

convergence, and plots system variables. The kernel also provides utilities that determine thermophysical 

properties, invert matrices, perform linear regressions, and interpolate external data files.  

b) An extensive library of components, each of which models the performance of one part of the system. The 

standard library includes approximately 150 models ranging from pumps to multizone buildings, wind 

turbines to electrolyzers, weather data processors to economics routines, and basic HVAC equipment to 

cutting edge emerging technologies. Models are constructed in such a way that users can modify existing 

components or write their own, extending the capabilities of the environment. 

After 35 years of commercial availability, TRNSYS® continues to be a flexible, component-based software package 

that accommodates the ever-changing needs of both researchers and practitioners in the energy simulation 

community. 

2.1.2 Polysun® 

Polysun®2 is a simulation program which allows designing solar thermal, photovoltaic, hybrid, heat pump and 

systems as well as combined systems dynamically. The reliable yield prediction includes the use of worldwide 

weather data and topologic shading. Polysun® is able to provide useful technical reports and necessary information 

for the application of subsidies. The software is available for Windows or Mac applications in 13 languages. 

A designer can use and edit one of the preconfigured systems in Polysun® or create new systems by combining 

components such as storages, pumps, collectors and pipes. The capability of designing arbitrary hydraulic 

topologies is especially useful for process heat applications. The parameters (e.g. size, efficiency etc.) of each 

component can be modified individually. The component database comprises 4400 Solar Keymark collectors, 1160 

collectors with Ashrae/SRCEE certificate and a small number of collectors according to the Chinese standards. 

Furthermore, the database comprises 2000 storage tanks, 566 heat pumps, 60 co-generators, 40000 PV modules, 

8000 inverters and other components. 

The large template database offers preconfigured systems for residential systems, space heating/cooling, domestic 

hot water, pools, combined systems as well as commercial and industrial systems such as process and district 

heating. Building simulations are available with several buildings and multiple dwelling units. Furthermore, there are 

simulation models for co-generators and combined heat and power systems. 

 

Figure 2: Typical PVT system representation on Polysun® deck. 

 
2 IEA SHC Task 49 - Overview and description of simulation tools for solar industrial process heat systems 
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The Polysun® software comprises economic analysis. However, it is optimized for solar thermal heating systems 

and rooftop PV systems. Therefore, in some process heat applications for instance, it is necessary to enhance the 

economic analysis by means of the Polysun® simulation results and special calculations, e.g. in MS Excel®. 

Yearly system parameters such as efficiency, solar fraction or auxiliary heat demand are calculated from the 

simulation results. 
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2.2 General purpose environments 

The general-purpose tools are usually but not always used for a PVT system component modelling and simulation. 

Thus, the environments are more generic and might not be originally prepared for energy solutions transient 

analysis. In this sense, the different tools are mainly used for collector, control strategies or system parts analysis. 

2.2.1 TRANSOL® 

TRANSOL®3 is a tool for the design, calculation and optimization of solar thermal systems. Transol makes dynamic 

simulation easy, based on TRNSYS engine, through a user-friendly interface. TRANSOL is also based on TRNSYS 

models, but instead of a single configuration, as in F-Chart, includes about 40 system configurations, allowing more 

than 140 system variations. 

Within PVT field has been used for fast system level just thermal performance determination, as it offers a wider 

range of installations as well as hourly energy data. 

2.2.2 COMSOL® 

COMSOL®4 Multiphysics® is a general-purpose Computational Fluid Dynamics (CFD) and Finite Element Method 

(FEM) simulation software for modelling designs, devices, and processes in all fields of engineering, manufacturing, 

and scientific research. In addition to using multiphysics modelling for your own projects, you can also turn your 

models into simulation applications and digital twins for use by other design teams, manufacturing departments, 

test labs, customers, and more. 

The platform product can be used on its own or expanded with functionality from any combination of add-on modules 

for simulating electromagnetics, structural mechanics, acoustics, fluid flow, heat transfer, and chemical engineering. 

The add-on modules and LiveLinkÊ products connect seamlessly for a modelling workflow that remains the same 

regardless of what you are modelling. 

Within the PVT field, it has been used to model in detail the PVT collectorôs performance. The PVT collectors can 

be modelled in 3-D, including the physical properties and dimensions of the different PVT layers, along with the 

different multi-physics involved (e.g. fluid dynamics, heat transfer). The PVT collector can be modelled in steady-

state and in time-varying conditions. With these models it is possible to obtain the theoretical performance curve of 

the PVT collector, and also to analyse the temperature and flow distribution throughout the collector. If the solid 

mechanics physic is also included in the model, it is possible to analyse the thermal stress and structural 

deformation of the collector at different operation conditions. 

2.2.3 ANSYS Fluent® 

Fluent5 software contains the broad, physical modelling capabilities needed to model flow, turbulence, heat transfer 

and reactions for industrial applications. These range from air flow over an aircraft wing to combustion in a furnace, 

from bubble columns to oil platforms, from blood flow to semiconductor manufacturing and from clean room design 

to wastewater treatment plants. Fluent spans an expansive range, including special models, with capabilities to 

model in-cylinder combustion, aero-acoustics, turbomachinery and multiphase systems. 

Fluent also offers highly scalable, high-performance computing (HPC) to help solve complex, large-model 

computational fluid dynamics (CFD) simulations quickly and cost-effectively. Fluent set a world supercomputing 

record by scaling to 172.000 cores. 

Within the PVT field, it has been used to model in detail the PVT collectorôs performance. The PVT collectors can 

be modelled in 3-D, including the physical properties and dimensions of the different PVT layers, along with the 

different multi-physics involved (e.g. fluid dynamics, heat transfer). Similarly as before, with these models it is 

possible to obtain the theoretical performance curve of the PVT collector, and to analyse the temperature and flow 

distribution throughout the collector. 

 
3 https://aiguasol.coop/design-of-solar-thermal-systems-with-transol/  
4 https://www.comsol.com/products  
5 https://www.ansys.com/products/fluids/ansys-fluent  

https://aiguasol.coop/design-of-solar-thermal-systems-with-transol/
https://www.comsol.com/products
https://www.ansys.com/products/fluids/ansys-fluent
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2.2.4 STAR-CCM+ 

STAR-CCM + is CFD (Computational Fluid Dynamic) software developed by CD-ADAPCO in 2004. It is an 

improvement of the STAR-CD software. The CCM suffix stands for Computational Continuum Mechanics. The 

strong point of this calculation code is that it makes it possible to simultaneously solve the problems of flux and heat 

transfer, unlike other codes which use two coupled solvers, which makes it possible to gain in precision. 

 

It is not a simple CFD solver. Indeed, it makes it possible to solve problems of mechanics and fluid / structure 

interaction. It provides a suite of integrated components that meet a wide variety of modeling needs. These 

components include: 

¶ 3D-CAD and CAD modeler 

¶ Surface preparation tool 

¶ Automatic mesh technology 

¶ A variety of physical models (turbulence, combustion, etc.) 

¶ Post processing 

The STAR-CCM + interface is coded in Java. It is based on the principle of object-oriented programming. This can 

be seen from the user interface. An object tree is provided for each simulation; it contains all associated data. In 

addition, the code can be executed either in series or in parallel on several cores. 

Within the PVT field, it has been used to model in detail the PVT collectorôs performance. The PVT collectors can 

be modelled in 3-D, including the physical properties and dimensions of the different PVT layers, along with the 

different multi-physics involved (e.g. fluid dynamics, heat transfer). 

2.2.5 EES® 

EES6 is a general equation-solving program that can numerically solve thousands of coupled non-linear algebraic 

and differential equations. The program can also be used to solve differential and integral equations, do 

optimization, provide uncertainty analyses, perform linear and non-linear regression, convert units, check unit 

consistency, and generate publication-quality plots. A major feature of EES is the high accuracy thermodynamic 

and transport property database that is provided for hundreds of substances in a manner that allows it to be used 

with the equation solving capability. 

Within the PVT field, it has been used to model PVT collectors and wider PVT systems. The performance of the 

PVT collector can be modelled through the energy balance equations of the different layers, considering radiative, 

convective and conductive thermal exchanges between the layers, the cooling water flow and the environment 

(where relevant). A wider PVT system can also be modelled including the energy balances of a water (thermal) 

storage tank, the energy consumed by the water circulator pump of the closed loop, and other energy losses of the 

interconnecting pipework. This type of analysis can be undertaken at different time steps during days or a year. The 

software also allows to do parametric analyses varying different PVT system parameters, and also economic and 

environmental analyses if the corresponding equations are implemented in the model. 

2.2.6 MS Excel® 

Microsoft Excel7 is a spreadsheet developed by Microsoft for Windows, macOS, Android and iOS. It features 

calculation, graphing tools, pivot tables, and a macro programming language called Visual Basic for Applications. 

It has been a very widely applied spreadsheet for these platforms, especially since version 5 in 1993, and it has 

replaced Lotus 1-2-3 as the industry standard for spreadsheets. Excel forms part of the Microsoft Office suite of 

software. 

Within the PVT community MS Excel has been used for modules performance forecasting through a combination 

of daily/monthly/yearly environmental data for a certain location (i.e. solar radiation, ambient temperature) and the 

application of equations able to describe PV and thermal output of PVT collector. 

 

 
6 http://www.fchart.com/ees/  
7 https://en.wikipedia.org/wiki/Microsoft_Excel  

http://www.fchart.com/ees/
https://en.wikipedia.org/wiki/Microsoft_Excel
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2.2.7 NX® 

NX, previously known as UG, is an advanced high-end CAD/CAM/CAE mechanical design software. It is used, 

among other tasks, for: 

¶ Design (parametric and direct solid/surface modelling) 

¶ Engineering analysis (static; dynamic; electro-magnetic; thermal, using the finite element method; and 

fluid, using the finite volume method). 

¶ Manufacturing finished design by using included machining modules. 

Within the PVT community, NX has been used for collector modelling in order to different layers thermal 

performance determination. 

2.2.8 Matlab® 

MATLAB8, matrix laboratory, is a multi-paradigm numerical computing environment and proprietary programming 

language developed by MathWorks. MATLAB allows matrix manipulations, plotting of functions and data, 

implementation of algorithms, creation of user interfaces, and interfacing with programs written in other languages, 

including to other programming environments as C, C++, C#, Java, Fortran and Python. 

Although MATLAB is intended primarily for numerical computing, an optional toolbox uses the MuPAD symbolic 

engine, allowing access to symbolic computing abilities. An additional package, Simulink, adds graphical multi-

domain simulation and model-based design for dynamic and embedded systems. 

Within the PVT community Matlab has been used for collector PV laminate temperature map and PV cell effect 

determination, and for whole PVT system analysis on Matlab Simulink. 

Furthermore, CARNOT is an Open Source toolbox extension for MATLAB SIMULINK. It is a tool for the calculation 

and simulation of the thermal components of HVAC systems with regards to conventional and regenerative 

elements. The CARNOT Toolbox is a library of typical components of these systems. It is organized in Blocksets 

like the SIMULINK Library itself. The handling of the blocks is exactly the same as in SIMULINK, so that users 

familiar with SIMULINK can directly use the new Blocksets in the same way.  

Material properties and advanced functions are contained in a Carnot Library (c-shared Library). Advanced blocks 

are usually implemented as c-s-function. 

Simple Examples are included to understand better the concepts of the Toolbox.  

The Model Library is not as extensive as f.e. TRNSYS especially concerning the usability of the building model, 

since there is no graphical user interface for that. Lately there has been work to improve this by making import of 

gbXML possible (Toolbox Add-on of University of Innsbruck). Included models are focused on the use for whole 

year simulations. Therefore, they are sometimes lacking system dynamics in detail, which are not relevant in this 

context. 

One disadvantage is the restrictions in modelling hydraulic circuits due to the causal modelling approach of 

Simulink. A conversion of the hydraulic models to Simscape is yet to be done. 

 

Figure 3: Carnot Toolbox Library 

 
8 https://en.wikipedia.org/wiki/MATLAB 

https://en.wikipedia.org/wiki/MATLAB
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2.2.9 SOLO® 

The SOLO method was developed in France by the Scientific and Technical Center for Building (CSTB) in the 

1980s to size solar domestic hot water installations (SDHW) in individual and collective housing. SOLO is a free 

software which calculates the coverage in domestic hot water according to the location, the needs, the type and the 

volume of storage, the surface of collectors with their inclination and the orientation. SOLO does not use any quasi-

dynamic method. Equations that have been established by interpolation thanks to thermal experts, give directly 

results in a monthly base. 

Within the PVT community, it has been used for fast thermal performance determination, it is only limited to hot 

water heating systems. 

2.2.10 Other self-developments 

The existing tools or platforms do not always satisfy the users needs. Thus, the PVT community requires an 

adaptation of the tools in order to carry out the modelling, simulation and further optimization. Below, two different 

examples are shown. 

 

Endef: a Spanish PVT company 

The approach of Endef to modelling and simulation covers the two tendencies on the PVT community and the 

activity is addressed in different ways. 

¶ For daily client enquiries: EndeF uses an in-home software designed and developed internally by EndeF 

based on the f-chart model, a static method to evaluate the thermal production. This method is adapted to 

the hybrid generation, including the temperature influence between both parts on the photovoltaic 

production. The software allows to calculate basic PVT configurations, varying the type of panel, the final 

application and the auxiliary heat device. As a result, the software returns monthly energy generation, as 

well as it provides visual information about monthly irradiation, annual saving and emission cut. 
¶ For research purposes: for a deeper energy analysis EndeF uses the commercial software Transol, based 

on Trnsys model, which uses a dynamic model to evaluate the thermal production. Transol provides a 

wider range of installations as well as hourly energy data. The commercial software PVsyst is used to 

quantify the photovoltaic production. 

 

DualSun: a French PVT compamy 

To give their client a performance estimation for each project, DualSun has developed an application called 

MyDualSun (https://app.my.dualsun.com/home) MyDualSun provides a simulation of the solar project based on the 

building's characteristics and energy needs. MyDualSun tells how many DualSun hybrid panels are needed and 

presents a detailed analysis of the energy production and the financial savings that the installation could generate. 

The MyDualSun application uses the TRNSYS thermodynamic simulation software to calculate panel production. 

The DualSun panel has been modeled and integrated into the software by the thermal studies agency TESS 

(Thermal Energy Systems Specialists), in order to ensure the independence and reliability of the results of our 

MyDualSun simulator. This validation took place in 2 stages: 

¶ The model has successfully passed 8 tests showing that it respects the laws of thermodynamics and that 

its theoretical behavior was therefore consistent (https://news.dualsun.com/wp-

content/uploads/Validation-de-lexercice-MyDualSun-par-Tess.pdf) 

 

¶ The equivalent of 1 month of field data from a running DualSun installation was recorded and analyzed at 

one minute intervals by TESS. They combine both meteorological data and production data from DualSun 

panels. These data were then compared to the theoretical data. It can be concluded to an almost complete 

correspondence between the productions announced by MyDualSun and the field survey. 

(https://news.dualsun.com/wp-content/uploads/Validation-du-mode%cc%80le-MyDualSun-par-Tess.pdf) 

  

https://app.my.dualsun.com/home
https://news.dualsun.com/wp-content/uploads/Validation-de-lexercice-MyDualSun-par-Tess.pdf
https://news.dualsun.com/wp-content/uploads/Validation-de-lexercice-MyDualSun-par-Tess.pdf
https://news.dualsun.com/wp-content/uploads/Validation-du-mode%cc%80le-MyDualSun-par-Tess.pdf
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3 Examples 

This chapter summarizes different modelling activities carried out by the PVT community at both the collector level 

and the system level. As the computer-based activity covers almost the entire value chain of an installation. 

of the PVT community activity, proof of new concepts, applied research, solutions design, components sizing, 

controlling strategies, overall 

3.1 Collectors 

3.1.1 WISC or Unglazed PVT collector thermal absorber with PCM 
(TECNALIA) 

Description of the solution to be modelled 

The solution analysed is an unglazed PVT collector with local phase change materials (PCM) buffer and back sheet 

insulation. 

The collector is composed by: 

¶ With/without front glazing 

¶ an air chamber 

¶ a PV laminate 

¶ a heat absorber 

¶ a PCM layer 

¶ back thermal insulation 

Purpose of the modelling and simulation activity 

The modelling and simulation activity have been focused on the development phase, assessing: 

a) The selection of which absorber layout offers greater thermal and hydraulic performance. 

b) The selection and optimization of the PCM to be integrated in order to reduce production peaks. 

Tool 

The collector has been modelled on NX from Siemens PLM. 

Model 

The mathematical models built comprises all the PVT collector layers: front glazing, gas chamber, PV laminate 

(glass, encapsulant, cells, encapsulant and backsheet), union, heat absorber, non-continuous PCM layer, and 

thermal insulation). Each PVT collector element walls are modelled by means of 2D shell elements, while the fluid 

is modelled by means of solid elements. The numerical steady state analyses are conducted for a set of boundary 

conditions (irradiance, ambient temperature, wind speed, flow rate, inlet fluid temperature/pressure, etc).  

Figure 4: PVT collector heat absorber finite element model representation for NX® (Source: Tecnalia). 

INLET 

OUTLET 
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Main outputs or KPIs 

In a first approach, the main observed variables have been the mean absorber and phase change material 

temperatures, fluid speed at the thermal layout, PV cell temperature dispersion. 

Once the development stage is finished, the collector efficiency points have been calculated in order to obtain 

collector thermal/electric efficiency curves and parameters. 

 

Figure 5: PVT collector finite element model simulation results on NX® software (Source: Tecnalia). 

Difficulties/Gaps 

The difficulties in the collector modelling came on the material properties definition, PV laminate and heat absorber 

adhesion, and results validation. 

Responsible 

Tecnalia, Spain 
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3.1.2 Retrofitted PVT collector (ZHAW) 

Description of the solution to be modelled 

The collector to be modelled is a retrofitted PVT collector that is implemented by clipping a heat exchanger to the 

back of a framed PV module as shown in Figure 6. This solution promises a significant reduction of investment cost 

compared to standard PVT collectors. Clipping has been chosen instead of gluing for legal reasons: Most PV 

module manufacturers will decline warranty liabilities after a module has been permanently altered by applying glue. 

 

Figure 6: Heat exchanger fixed to the back of a framed PV module (exemplary image with heat exchanger from 

Meyer Burger) 

Purpose of the modelling and simulation activity 

To have the possibility to simulate our retrofitted PVT collectors in Polysun or any other tool that allows for the 

implementation and/or parametrization of the efficiency curve according to EN 12975. 

Tool  

The model has been implemented in Polysun, where the parameters of a given component catalogue entry can 

be modified to model a different component. In principle, the model can be implemented in various tools. 

Model 

The below model (EN 12975) has been fitted to experimental data of a retrofitted and a commercial PVT collector. 
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The parameters were found to be as in Table 1. 

Table 1: Model parameters for a retrofitted PVT collector and a standard PVT collector 

 ╫◊ ╫ ╫ ꜗ

♪
 Ɫ 

Retrofitted PVT collector 0.007 10.5 0.2 0.85 0.41 

Commercial PVT collector (Meyer Burger) 0.055 12.2 1.5 0.85 0.57 
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Main outputs or KPIs 

The model output is the well-known efficiency curve that allows for determining the thermal power and the return 

temperature of the collector. 

Difficulties/Gaps 

The experimental data for parameter determination extends over a time span of only 2.5 months in spring and 

early summer. A longer measurement campaign, that includes winter months, could influence the parameters. 

Furthermore, the model does not include thermal inertia of the collector, e.g. steep gradients of input quantities 

(such as fast changes of irradiation) lead to peaks in return temperature that were not observed experimentally. 

Responsible 

ZHAW Zurich University of Applied Sciences, Switzerland 

  



 Page 14  
 
RStat 

3.1.3 Glazed PVT absorber-exchanger designs analysis (UNIZAR) 

Description of the solution to be modelled 

The solutions analysed are 26 alternative absorber-exchanger designs for a glazed PVT collector, which are 

compared against a reference-case, commercial sheet-and-tube PVT collector. As shown in the figure below, the 

collector is composed of: 

¶ a front glazing 

¶ an inert gas chamber 

¶ a glazed PV laminate 

¶ an absorber-exchanger  

¶ back thermal insulation 

 

Figure 7: PVT collector cross-section showing the various collector layers for the (left) sheet-and-tube 

configuration, and (right) flat-box configuration (not to scale) (Herrando et al., 2019b) 

Purpose of the modelling and simulation activity 

The main aim was to propose improved PVT collectors with an optimal balance of energy efficiency, weight/strength, 

cost and ease of manufacture, by considering alternative polymeric absorber-exchangers with geometrical designs 

that significantly reduce weight and cost relative to conventional designs, while maximising heat transfer and 

thereby improving or at least maintaining the overall (thermal and electrical) efficiency of the collectors. Another 

purpose was to use the 3ïD CFD-FEM model to identify any hot regions and to use this knowledge to design a 

module that attains uniform cooling by eliminating these as far as possible  

Tool 

The collector has been modelled in COMSOL. 

Model 

The detailed 3-D CFD-FEM model of the PVT collector involves three main physics: heat transfer, fluid dynamics 

and solid mechanics. Heat transfer equations apply to all domains conforming the PVT collector (i.e., cover and 

inner glasses, inert gas gap, PV layer, EVA and Tedlar layers, absorber plate and riser pipes, circulating fluid and 

insulation). The main heat transfer mechanisms are radiation (from the glass and the PV module to the sky, and 

the surface to surface radiation between Glass 1 and Glass 2), convection (from the outer surfaces to the ambient, 

within Glass 1 and Glass 2, and from the tubes/channels to the heat transfer fluid) and conduction (between all 

solid layers). Fluid dynamic equations apply to both liquid (circulating water) and gas (inert gas in the gap) domains, 

and solid mechanic equations are evaluated for all solid domains. Along with the three physics (heat transfer, fluid 

dynamics and solid mechanics), there are two main multiphysics involved, non-isothermal flow and thermal 

expansion. 

 

Main outputs or KPIs 

The main results are the performance curves of the different absorber-exchanger designs studied, along with the 

temperature distribution throughout the collector, and electrical efficiency of each design. 
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Additionally, in the structural analysis, the maximum von Mises stress values for the different layers of the PVT 

collector designs, providing an overview of which layers are suffering more strains, are estimated. In addition, the 

stress distribution throughout different layer surfaces, which allows the identification of critical points, was also 

obtained. 

 

Figure 8: (Top) Von Mises Stress (MPa) for Glass 1 in the (left) upper part, and (right) cross-sectional area at the 

collector water inlet; (bottom) Von Mises Stress (MPa) for Glass 2 in the (left) upper part, and (right) cross-sectional 

area at the collector outlet, for the sheet-and-tube copper PVT collector (Herrando et al., 2019b). 

Difficulties/Gaps 

The difficulties in the collector modelling came on the material properties definition of the different PVT layers, 

specially the mechanical properties. 

Responsible 

School of Engineering and Architecture, University of Zaragoza, Spain 

Herrando, M., Ramos, A., Zabalza, I., Markides, C.N., 2019b. A comprehensive assessment of alternative 

absorber-exchanger designs for hybrid PVT-water collectors. Appl. Energy 235, 1583ï1602. 

https://doi.org/10.1016/J.APENERGY.2018.11.024 
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3.1.4 Sensitivity analysis of key parameters of a concentrated PVT 
(UD) 

Description of the solution to be modelled 

The reference PVT technology is a concentrated type (named X10). The X10 PVT consists of a cylinder-parabolic 

reflecting mirror, made by aluminium, that concentrates 17.8 times the solar light onto the receiver. Inside the 

receiver, the PV component is composed of 166 mono-crystalline solar cells in series with the size of each cell at 

32×110 mm. The thermal component is structured in triangular with a double aluminium section bar substrate. Each 

bar is built in with a fluid channel for counter current flow. On the two receiver sides, opposite to the parabolic 

concentrator, there are laser groove buried contact solar cells on the surface; whereas the top side of the receiver 

is covered with a thermal absorber. The whole PVT concentrator has a gross area of 10.91 m2 and an aperture 

area of 10.37 m2. The tracking of the sun is based on special electrical custom-designed high-quality linear actuator, 

which is carried out by rotating the structure around an axis oriented in the eastïwest direction.  

Purpose of the modelling and simulation activity 

A sensitivity analysis was conducted to assess the sensitivity of the variations in input variables to the evaluation 

metrics. In this model, 11 essential input variables, i.e. average daily solar irradiance, electrical/thermal efficiency, 

prices of electricity/heating, operation & management (OM) cost, PVT capital cost, debt to equity ratio, interest rate, 

discount rate, and inflation rate, are considered, while the economic evaluation metrics, such as levelized cost of 

energy (LCOE), net present value (NPV), and payback period (PP), are primarily assessed. 

Tool 

A Monte Carlo analytical model for techno-economic analysis of a PVT concentrator is developed upon Crystal Ball 

in MS Excel environment9, which is a leading spreadsheet-based application for predictive modelling, forecasting, 

simulation, and optimization. 

Model 

The methodology is shown below. It offers unparalleled insight into the critical factors affecting risk so that the 

decision-makers can make the right tactical decisions. Most of the variables were defined as the triangular 

probability distribution due to the limited data of the parameters, ranging between minimum and maximum and the 

highest probability at the mean value. A range of values for assumptions was randomly generated. These inputs 

were then feed into formulas of evaluation metrics defined in forecast cells. This was repeated for many 

combinations of parameters (10,000 trials in this work). After simulation, it explored ranges of outcomes, expressed 

as graphical forecasts, in order to exam the sensitivity/reliability of various input variables, and to estimate the 

probability/certainty of different economic evaluation metrics. The results are displayed in following figures. 

Stockholm was taken as a basic example for application of the reference PVT concentrator. 

 
9 Yaxiu Gu, Xingxing Zhang, Jonn Are Myhren, et al., Techno-economic analysis of a solar photovoltaic/thermal (PV/T) 

concentrator for building application in Sweden using Monte Carlo method, Energy Conversion and Management 165 (2018) 8ï
24 
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Figure 9: Flow chart of techno-economic analysis method in MS Excel environment 

 

(a) 
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Figure 10: Frequency forecast chart of (a) LCOE, (b) NPV, and (c) PP 

(b) 

(c) 






























































































