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Executive Summary 

This deliverable describes the basic design of the SunDial for the Mandrekas dairy industry user-case. 
The plant is located in Corinth, Greece, and the requirement of the industry is a heating demand up to 
175 °C for pasteurization of milk, and cooling for storing the products at temperatures around 5 °C. 
Other requirement to be accomplished is the energy production at daily and yearly basis (KPI 5: Up to 
135 kWh of thermal production per day in each case study. 25 MWh of yearly thermal production in 
each case study). 

The SunDial for this case-study is a rotary Linear Fresnel collector with a longitudinal mirror field 
arrangement. In this study two types of receivers have been considered, namely single-tube and multi-
tube, although the multi-tube one was discarded in a parallel study done for the ArcelorMittal end-
user case, also in the scope of the project. In the case of single-tube receivers, two solar fields 
configurations have been analysed: single-field and two semi-fields. 

The system design specification implies the selection of a set of geometric parameters to define the 
receiver, the primary reflectors and the solar field configuration, and the selection of the heat transfer 
fluid (in agreement with studies from WP4 and WP5). Having in mind that the ultimate objective is to 
accomplish an optimal design to cover the thermal requirement of this particular application, it is 
necessary to make use of numerical models to characterize the performance of the different elements 
of the Sundial, for instance, models required to estimate the thermal performance of both types of 
receivers, those developed to analyse the effect of the mirror dimensions on its optimal shape and the 
corresponding bending moment requirement, and those developed to analyse the optical 
performance of the field. All these analysis and models have been previously reported for the 
ArcelorMittal case-study. 

Regarding to the mirrors, an analytic methodology followed by a numeric computation are used to 
optimise the design of the field, with the aim of achieving the beforementioned KPI 5. 

The different proposed configurations are analysed and compared. The configuration finally selected 
has two semi-fields of mirrors focusing to a single-tube receiver each field, with both receivers 
connected in series.  



  D3.2 Preliminary design of Sundial for MAN 

 Page 3 of 26 

Revision history (quality control) 
 

 

Version Issue Date % 
Complete* Changes Contributor(s) 

V1.0 2021-12-9 100 % Initial Deliverable Structure and 
content 

Rubén Abbas (UPM) 
Rubén Barbero (UNED) 
María J. Montes (UNED)  
Marta Muñoz (UNED) 
Antonio Rovira (UNED) 

*According to ASTEP Quality Assurance Process:  
- 3 months before Deliverable’s Due Date: 50% version should be submitted for QA review. 
- 1 month before Deliverable’s Due Date: 100% version should be submitted for QA and peer review. 
- Submission month: All required changes have been applied, (including the QA and peer reviews) and it 

is ready for submission. 

Disclaimer 

The content of the publication herein is the sole responsibility of the publishers and it does not 
necessarily represent the views expressed by the European Commission or its services. 

Any dissemination of results and any communication activity related to the action, reflects only the 
author's view and it does not necessarily represent the views expressed by the European 
Commission or its services. 

While the information contained in the documents is believed to be accurate, the authors(s) or any 
other participant in the ASTEP consortium make no warranty of any kind with regard to this material 
including, but not limited to the implied warranties of merchantability and fitness for a particular 
purpose. 

Neither the ASTEP Consortium nor any of its members, their officers, employees or agents shall be 
responsible or liable in negligence or otherwise howsoever in respect of any inaccuracy or omission 
herein. 

Without derogating from the generality of the foregoing neither the ASTEP Consortium nor any of 
its members, their officers, employees or agents shall be liable for any direct or indirect or 
consequential loss or damage caused by or arising from any information advice or inaccuracy or 
omission herein. 

 

Copyright message 

© ASTEP Consortium, 2020-2024. All rights reserved. Licensed to the Innovation and Networks. 



  D3.2 Preliminary design of Sundial for MAN 

 Page 4 of 26 

Table of contents 

Executive Summary ............................................................................................................ 2 

Table of contents ................................................................................................................ 4 

List of Tables ....................................................................................................................... 5 

List of Figures ...................................................................................................................... 6 

Glossary of terms and abbreviations ................................................................................... 7 

1. Introduction ................................................................................................................. 8 
1.1. Mapping ASTEP Outputs .................................................................................................................. 8 
1.2. Deliverable Overview and Structure ................................................................................................ 9 

2. Description of the Sundial .......................................................................................... 10 

3. Mirrors field ............................................................................................................... 13 
3.1. Mechanical analysis of the mirrors and optical characteristics ..................................................... 13 
3.2. Analytic design of the solar field. ................................................................................................... 13 

3.2.1. Transversal section layout. .................................................................................................. 13 
3.2.2. Longitudinal section layout. ................................................................................................. 14 
3.2.3. Length of receiver and primary mirrors. .............................................................................. 14 
3.2.4. Field tilt. ............................................................................................................................... 17 
3.2.5. Final design variables. .......................................................................................................... 17 

3.3. Numeric design of the solar field ................................................................................................... 17 
3.3.1. Methodology ........................................................................................................................ 17 
3.3.2. Two semi-fields and single-tube receiver ............................................................................ 19 
3.3.3. One field and single-tube receiver ....................................................................................... 21 

4. Specifications of the final basic design ........................................................................ 24 

5. Conclusions ................................................................................................................ 25 

References ........................................................................................................................ 26 



  D3.2 Preliminary design of Sundial for MAN 

 Page 5 of 26 

List of Tables 

Table 1. Adherence to ASTEP’s GA Deliverable & Tasks Descriptions. ............................................... 8 

Table 2. Optimized design variables for two-fields and single-tube receiver ................................... 21 

Table 3. Optimized design variables for two-fields and single-tube receiver ................................... 23 

Table 4. Selected design for AMTP case ........................................................................................... 24 



  D3.2 Preliminary design of Sundial for MAN 

 Page 6 of 26 

List of Figures 

Fig. 1. Sundial with longitudinal arrangement. .............................................................................. 10 

Fig. 2. Sundial with transversal arrangement and single-field. ...................................................... 11 

Fig. 3. Sundial with transversal arrangement and two semi-fields of mirrors. ............................. 11 

Fig. 4. Choices for the receiver tube: single & evacuated (left) and multi-tube bare (right). ....... 12 

Fig. 5. Definition of the transversal layout of the concentrator. ................................................... 13 

Fig. 6. Longitudinal view of the concentrator. ............................................................................... 14 

Fig. 7. Analytical estimation of end losses for a field of 8 mirrors 8 m long. ................................. 14 

Fig. 8. Optimum longitudinal offset of each mirror (top) and end losses (bottom) for a field of 8 
mirrors 8 m long. ................................................................................................................. 15 

Fig. 9. Optimum longitudinal offset of each mirror (top), end losses (middle) and required mirror 
length (bottom) for a field of 8 mirrors where the central mirrors are 8 m long and all mirrors 
have the same end losses ratio. .......................................................................................... 16 

Fig. 10. Effect of the field tilt on the estimated cosine factor and receiver height increase for an 8 
m long receiver located in Corinth. ..................................................................................... 17 

Fig. 11. Solar field optimization flowchart. ...................................................................................... 18 

Fig. 12. Results from the optimization for the two semi-fields and single-tube 70 m diameter 
vacuum receiver: size of the field on a coordinate system tilted 10 deg. .......................... 20 

Fig. 13. Results from the optimization for the two semi-fields and single-tube 70 m diameter 
vacuum receiver: size of the field (left) and surface (right) on a horizontal coordinate 
system. ................................................................................................................................ 20 

Fig. 14. 2D transversal section (left) and 3D (right) schemes of the optimized layout for the double 
field and single-tube receiver case. ..................................................................................... 21 

Fig. 15. Results from the optimization for the one field and single-tube 90 m diameter vacuum 
receiver: size of the field on a coordinate system tilted 10 deg. ........................................ 22 

Fig. 16. Results from the optimization for the one field and single-tube 90 m diameter vacuum 
receiver: size of the field (left) and surface (right) on a horizontal coordinate system. ..... 22 

Fig. 17. 2D transversal section (left) and 3D (right) schemes of the optimized layout for the single 
field and single-tube receiver case. ..................................................................................... 23 

 

 



  D3.2 Preliminary design of Sundial for MAN 

 Page 7 of 26 

Glossary of terms and abbreviations 

Acronyms 
AMTP ArcelorMittal Tubular Products 
ASTEP Application of Solar Thermal Energy to Processes 
LFC Linear Fresnel Collectors 
GA Grant Agreement 
HTF Heat Transfer Fluid 
MAN Mandrekas 
  
Symbols 
DNI Direct Normal Irradiance (W·m-2) 
F Cosine factor (-) 
L Length (m); Width of mirrors (m) 
n Number (-) 
�̇�𝑄 Thermal power (W) 
w Width (m) 
y Longitudinal offset of mirrors (m) 
zr Receiver height (m) 
  
Greek letters 
θ Zenith angle (-) 
τ Tilt (-) 
  
Subscripts 
f Field 
irrad Irradiation 
r Receiver 
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1. Introduction 

As described in the Grant Agreement (GA) [1], ASTEP project creates an innovative Solar Heat to 
Industrial Processes concept. The proposed solution is based on modular and flexible integration of 
two innovative designs: one for the solar collector, namely the SunDial; and the other for the Thermal 
Energy Storage; both integrated via a control system allowing flexible operation and continuous 
service. 

The concept will be tested at two industrial sites. The first one belongs to ArcelorMittal Tubular 
Products (AMTP), with a heating demand above 220 °C for preheating tubes at factory located at a 
latitude of 47.1 N (Iasi, Romania). The second site is the dairy company Mandrekas (MAN), located at 
a latitude of 37.93 N (Corinth, Greece) with a heating demand for steam at 175 °C and a cooling 
demand at 5 °C. 

This deliverable carries out the basic design of the Sundial for the MAN user case. The objective is to 
propose a configuration that fulfils the thermal requirements of this industry and the KPI 5 (up to 
135 kWh of thermal production per day in each case study. 25 MWh of yearly thermal production in 
each case study) of the project. The possible selection of either a single-field or two semi-fields design 
have been addressed. 

1.1. Mapping ASTEP Outputs 

Table 1. Adherence to ASTEP’s GA Deliverable & Tasks Descriptions. 
TASKS 

Task 3.2 ‘Basic design of Sundial for MAN Section 2, Section 3 and Section 4 
‘The preliminary design of the rotary Fresnel system for 
the application of MAN will be addressed. In this case, the 
Sundial design will consist of a rotary platform containing 
several rows of fixed mirrors concentrating the 
irradiation on the linear receiver. Mirrors and receiver, 
which are parallel to each other, are installed onto a 
rotating structure. This platform will turn around a 
vertical axis so that the sun is within the collector 
symmetry plane at all times. Thus, the system follows the 
Sun using an one-axis tracking system, i.e. the platform 
rotates with the Sun’s azimuthal angle’. 
‘The kind of tube will be selected (evacuated or not 
evacuated, diameter, module length, etc.) as well as the 
selective coating and the secondary reflector 
characteristics’. The optimization of the mirrors field 
includes ‘the geometric design of the mirrors, number of 
rows, width, optical properties, diameter and tilt of the 
platform, etc’. 
‘The design will be addressed from theoretical 
calculations and simulation tools. All the mathematical 
and numerical models will be developed ad-hoc for the 
project.’ 

The different types of tube receivers are 
shown in Section 2. Features of the tube 
coatings and performance were 
evaluated in the parallel work of D3.1 
[2]. The final design does include a 
cavity, Section 4, which should enhance 
the performance over the estimated. 
The geometric design of the mirrors and 
the features of the solar field (tilt, 
number of arrows of mirrors are 
addressed in Section 3. Width, length 
and number of mirrors are selected to 
achieve the KPI 5, i.e. up to 135 kWh 
daily and 25 MWh yearly. 

DELIVERABLE 
D3.2 ‘Preliminary design of Sundial for MAN Section 2, Section 3 and Section 4 
Basic design of the Sundial for MAN. It will consist on the 
optic design, including the definition of the array of 
mirrors, and the thermal design. The document will 

The final basic design is described in 
Section 4. 
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include the selection of a one-or multi-tube receiver 
design. 

The analysis of the different options for 
the receiver and solar field are tackled in 
Section 2 and Section 3. 

1.2. Deliverable Overview and Structure 

The structure of this deliverable is analogous to that followed in [2], although applied to the MAN user-
case instead to the AMTP one. 

Section 2 makes a short introduction to the Sundial Technology. Firstly, the different options for the 
Sundial to be integrated in ASTEP are described. Then, the actual possibilities for the Mandrekas user-
case are commented. 

Section 3 describes the analysis carried out for the solar field. The analysis of the performance of the 
different options is carried out in two stages, an analytical one followed by a numerical optimisation. 

Finally, Section 4 summarises the final basic design of the Sundial for the Mandrekas user-case, and 
Section 5 presents the conclusions. 
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2. Description of the Sundial 

This deliverable focuses on the basic design of the Sundial for the MAN case, which comprises the 
thermal design of the receivers and the design of the mirrors field. The design should lead to achieve 
the KPI 51 during the testing activities on site. 

The Sundial is a rotary Fresnel-like solar collector which consists of an array of Linear Fresnel Collectors 
(LFC) or mirrors field; and some linear receivers, which can be a single-tube or a multi-tube one, as 
well as the selective coating on the tubes. Unlike the conventional Fresnel system, in which the receiver 
is fixed, in the Sundial the whole system (mirrors and receivers) rotates on a platform following the 
sun as it describes a path on the sky. 

According to the GA [1], the main features of the Sundial should be compactness, easy manufacture, 
installation and maintenance, which should lead to cheap designs for solar heat integration in 
industrial processes, using local resources and avoiding solar specialised companies. 

There are two possible arrangements for the Sundial, namely longitudinal and transversal. In the 
longitudinal arrangement, the sun is in the longitudinal plane of the receiver. In this case, depicted in 
Fig. 1, the mirrors can stay fixed while the platform rotates when following the sun, so a single-axis 
solar tracking system is required. This arrangement is simpler and cheaper as the mirrors are fixed to 
the platform but, due to its compactness, some optical losses are significant, and it leads to a sharp 
profile in the incident thermal power onto the receiver. In fact, when early in the morning or late in 
the afternoon the solar beam impinges on the mirrors, an important fraction of the reflected solar 
beam goes out of the receiver, leading to the so-called end losses, depicted in Fig. 1 by the yellow 
beam reflected outside the receiver. However, in the central hours of the day, when the beam is more 
vertical, these losses are low, leading to a strong peak of thermal power.  

 
Fig. 1. Sundial with longitudinal arrangement. 

In the transversal arrangement, the sun is in the transversal plane to the receiver. In such a case, 
depicted in Fig. 2, there are a two-axes solar tracking system because not only the platform rotates (to 
follow the solar azimuth) but also the mirrors (to follow the solar height). With this arrangement, the 
end loses are rather mitigated at the expense of the cost of introducing a system to rotate mirrors 
around their own axis. 

 
1 Up to 135 kWh of thermal production per day in each case study. 25 MWh of yearly thermal production in each 
case study. 
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Fig. 2. Sundial with transversal arrangement and single-field. 

As MAN site is located at suitable latitude and climatology for conventional LFC technology, unlike in 
the AMTP case [2], in this case there is no need for a two-axes solar tracking system, and the objective 
for the design of the Sundial should be to minimise the capital and maintenance costs. For that reason, 
a longitudinal arrangement is selected, with a single-axis solar tracking system and avoiding the 
movement of the mirrors. 

Besides the longitudinal and transversal arrangements, there is another degree of freedom when 
designing the solar field, that is the possibility of introducing one or multiple receivers, each one with 
its respective mirrors field and all of them installed on the same platform. Fig. 1 is an example of a 
single-field Sundial while Fig. 3 shows an example of a two semi-fields Sundial with longitudinal 
arrangement.  

 
Fig. 3. Sundial with transversal arrangement and two semi-fields of mirrors. 

Finally, there are also different choices for the selection of the receiver. The most appropriates for the 
LFC technology are either single-tube evacuated receivers, usually held into a cavity including a 
secondary reflector; or multi-tube bare receivers, also held into a cavity to reduce the thermal losses 
to the environment. Fig. 4 shows a scheme of both choices. 
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Fig. 4. Choices for the receiver tube: single & evacuated (left) and multi-tube bare (right). 

The description of the single- and multi-tube technologies was presented in [2], devoted to the AMTP 
case, as well as the development of the mathematical models for their simulation and analysis. As a 
result of this parallel work, it was concluded that the performance of evacuated single-tube receivers 
is significantly better than that of multi-tube ones, so multi-tube receivers were discarded for both 
ASTEP end-user cases, AMTP and MAN, selecting the evacuated single-tube technology. Besides, the 
analysis on evacuated single-tube receivers showed that commercial tubes of ∅90 mm are suitable for 
single-field arrangement while commercial tubes of ∅70 mm are suitable for two semi-fields 
arrangement. 

All these different choices were considered during the basic design of the Sundial for MAN. Once 
selected the longitudinal arrangement due to performance criterion and the evacuated single-tube 
due to better efficiency than multi-tube ones, the single- or two semi-fields selection for the mirrors is 
tackled in the following sections. 
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3. Mirrors field 

3.1. Mechanical analysis of the mirrors and optical characteristics 

Primary mirrors will be based on regular flat thin mirrors that will be bent by two opposed bending 
moments at both transversal edges of the reflecting surface. However, the bending moment will not 
be the only acting force, as thin mirrors might deform due to their own weight. The study on the 
maximum bending moment to avoid mirror break at its central part and on the maximum force to be 
applied by the grippers to avoid break on the lateral streams was conducted in parallel to the analysis 
of the AMTP case and presented in [2]. The analysis is the same for the MAN case. 

Likewise, assessment of the optical performance of the reflecting surface is also presented in [2]. 

3.2. Analytic design of the solar field. 

The optimization of LFC systems involves a large amount of design variables to be selected so that the 
performance is maximized. In order to reduce the number of the design variables and to make the 
optimization faster, an analytical methodology is firstly implemented, which is described in sections 
below.  

3.2.1. Transversal section layout. 

In the first layout of SunDial concentrator, where the sun is always in the symmetry plane of the solar 
field and primary mirrors are fixed, the sun is always located at its culmination for the transversal plane 
of the concentrator. Therefore, shading between mirrors is not an issue in the design of the field and 
only blocking should be considered in order to establish the distance between two neighboring 
mirrors. As a result, the transversal location of mirrors should be such that the line that connects the 
right edge of any mirror with the receiver central point coincides with the line that connects the left 
edge of the neighboring mirror at its right with the receiver, see Fig. 5. Also, in order to avoid receiver 
shading over the central mirrors, no reflecting surface is located on the vertical projection of the 
receiver.  

 
Fig. 5. Definition of the transversal layout of the concentrator. 

The width of each mirror could be optimized individually. However, it is demonstrated by Abbas et al. 
[3][4] that this has little effect on the performance of the field and, thus, it is decided to equalize the 
width of all mirrors. 

That is to say, the transversal layout of the concentrator is defined by the following variables: 

• Number of mirrors, 𝑛𝑛 (it must be an even number); 
• Field width, 𝑤𝑤𝑓𝑓; 
• Receiver height, 𝑧𝑧𝑟𝑟; 
• Receiver width, 𝑤𝑤𝑟𝑟  (or tube diameter). 

𝑧𝑧𝑟

𝑤𝑤𝑓
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3.2.2. Longitudinal section layout. 

The solar field might be tilted longitudinally in order to decrease cosine losses and, to a lesser extent, 
end losses. This is possible in SunDial collectors thanks to its very low length. Therefore, the field tilt, 
𝜏𝜏𝑓𝑓, is a design variable to take into consideration, see Fig. 6.  

 
Fig. 6. Longitudinal view of the concentrator. 

Furthermore, the length of the receiver and of each mirror and the longitudinal offset of mirrors with 
respect to the receiver are also design variables to be included. Therefore, in order to define the field 
on its longitudinal section, the following design variables are required: 

• Field tilt, 𝜏𝜏𝑓𝑓; 
• Receiver length, 𝐿𝐿𝑟𝑟; 
• Length of each mirror, 𝐿𝐿𝑖𝑖; 
• Longitudinal offset of each mirror, 𝑦𝑦𝑖𝑖. 

3.2.3. Length of receiver and primary mirrors. 

The relatively short length of the SunDial collector compared to its width leads to important end-losses; 
that is to say, when the apparent sun altitude (seen from the mirrors plane) is low, the energy 
concentrated by the mirrors at its longitudinal end might be focused onto a line where there is no 
receiver. Therefore, the length of the receiver should be sufficiently high in order to partially avoid 
these losses.  

The effect of the length of the receiver and mirrors on end losses can be estimated analytically, as we 
can obtain the solar-print reflected from each mirror on the focus line for a given sun altitude. 
Therefore, we can estimate the end losses as the ratio of the energy impinging on a longitudinal 
position where there is no receiver by the total energy impinging onto the mirrors. Using the solar data 
available for the location, this value is estimated for different locations and lengths of the receiver. Let 
us assume that the concentrator includes 8 mirrors 8 m long each, with no offset between them, and 
a field width of 8 m. Then, end losses obtained analytically results (Fig. 7):  

  
(a) Horizontal field (b) Field tilted 10 deg 

Fig. 7. Analytical estimation of end losses for a field of 8 mirrors 8 m long. 
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One can observe that short receivers lead to higher end losses for both tilted and horizontal fields. 
Also, shorter receivers lead to higher optimum longitudinal offsets, which is the distance from the 
initial point of the mirrors to the initial point of the receiver projected onto the mirrors plane. Finally, 
one can note that the field tilt slightly reduces end losses and the optimum offset, although the main 
advantage of tilted fields is the reduction of cosine losses.  

However, not necessarily the optimum offset of each mirror compared to the receiver is the same. 
Iterating the offset of each individual mirror in the field, optimum values can be obtained so that the 
relative end losses are minimized. Fig. 8 shows the optimum offset for each mirror and the end losses 
specific to each mirror: 

  

  

(a) Horizontal field (b) Field tilted 10 deg 

Fig. 8. Optimum longitudinal offset of each mirror (top) and end losses (bottom) for a field of 8 
mirrors 8 m long. 

One can observe that the field tilt leads to lower values of optimum longitudinal offset and end losses, 
which is due to the higher apparent sun altitude. Also, it results that end losses for lateral mirrors are 
notably higher than for central mirrors, as the distance travelled by the reflected energy beams is 
higher. Similarly, optimum longitudinal offsets are higher (in absolute values) for lateral mirrors.  

These results lead to a possible further improvement: if lateral mirrors are less effective due to end 
losses, it is worth installing longer mirrors in the central part of the field and shorter in the lateral areas. 
Therefore, the length of central mirrors is fixed to 8 m whereas the length of other mirrors is iteratively 
changed until individual end losses are the same for all mirrors (and equal to central mirrors end 
losses).  
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(a) Horizontal field (b) Field tilted 10 deg 

Fig. 9. Optimum longitudinal offset of each mirror (top), end losses (middle) and required mirror 
length (bottom) for a field of 8 mirrors where the central mirrors are 8 m long and all mirrors have 

the same end losses ratio. 

It must be noted that the adjustment of length of each mirror in order to equalize end losses, which 
affects more importantly to lateral mirrors, leads to lower field end losses. In addition, the optimum 
offset of all mirrors is very similar, and this conveys some advantages in terms of construction, as the 
total platform length is reduced. 

Therefore, with this methodology the optimum length and longitudinal offset to the receiver of all 
mirrors can be obtained once the length of the central mirrors and the receiver is defined.  
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3.2.4. Field tilt. 

The field tilt has a deep impact on the cosine factor losses, but it also implies a height increase along 
the concentrator. Although the actual cosine factor depends on the location of mirrors and receiver, 
an estimation can be done assuming that the normal to all mirrors is perpendicular to the plane that 
contains the mirrors rotating axe. Therefore, the estimation of the cosine factor would be:  

 𝐹𝐹cos = ∑ DNI𝑖𝑖⋅𝑐𝑐𝑐𝑐𝑐𝑐�θ𝑖𝑖−τ𝑓𝑓�
DNI𝑖𝑖

 (1) 

where DNI𝑖𝑖 is the direct normal irradiance for each instant and θ𝑖𝑖 is the sun zenith angle for each 
instant.  

Regarding the field height increase, it affects especially to the receiver, which is the longest element 
(see Section 3.2.3) and is at the highest position. Therefore, the effect is given by 𝐿𝐿𝑟𝑟 ⋅ 𝑠𝑠𝑠𝑠𝑛𝑛 τ𝑓𝑓. Fig. 10 
depicts the effect of the field tilt on the estimated cosine factor and receiver height increase. 

  
(a) Cosine factor (b) Height increase 

Fig. 10. Effect of the field tilt on the estimated cosine factor and receiver height increase for an 8 m 
long receiver located in Corinth. 

One can observe that the effect of the field tilt on the cosine factor is very important, where the 
optimum value is around 50 deg. Nevertheless, such tilt would lead to differences of height along the 
receiver above 6.5 m, which would increase importantly the cost of the platform. In order to delimit 
the height increase below 1.5 m, the field tilt is established at 10 deg; this leads to an increase of the 
estimated cosine factor, and thus to a reduction of the required reflecting surface, above 20%. 

3.2.5. Final design variables. 

From the sections above the design variables are defined: 

• Number of mirrors, 𝑛𝑛 (it must be an even number). 
• Field width, 𝑤𝑤𝑓𝑓. 
• Receiver height, 𝑧𝑧𝑟𝑟. 
• Receiver width, 𝑤𝑤𝑟𝑟  (or tube diameter). 
• Receiver length, 𝐿𝐿𝑟𝑟. 
• Length of the central mirrors, 𝐿𝐿𝑛𝑛/2. 

3.3. Numeric design of the solar field 

3.3.1. Methodology 

The design of the solar field is obtained by means of a Monte Carlo Ray Tracing code developed at 
Universidad Politécnica de Madrid (UPM) and validated in different articles [5][6]. This code is specific 
for linear collectors and enables the use of non-polynomic shapes of mirrors and receivers. The model 
has been updated to include the following features: 



  D3.2 Preliminary design of Sundial for MAN 

 Page 18 of 26 

• Deflection of mirrors owing to lateral bending moment and own weight, as specified in Section 
3.1.  

• Three-dimensional effects, so that the solar flux print is obtained along and across the receiver.  

The design of the field follows the flowchart depicted in Fig. 11. A guess value for the required 
reflecting surface must be given. For this input, the design variables are optimized so that the yearly 
net thermal power is maximized. This leads to an estimation of the yearly thermal production that is 
compared to the project’s target (KPI 5). If the estimated value is sufficiently close to the target, the 
optimization ends; otherwise, the reflecting surface is updated.  

The optimization of the solar field design for a given reflecting surface is carried out by means the 
simplex search method of Lagarias et al. [7].  

 
Fig. 11. Solar field optimization flowchart. 

In this optimization flowchart, the number of variables optimized by direct search method is limited. 
Other variables, such as the number of mirrors, the receiver length and receiver width are given as 
input. If required, a parametric analysis of these fixed variables is carried out. Regarding the central 
mirror length, its value is obtained iteratively so that the estimated reflecting surface is achieved for 
the estimated field width. 

The estimated yearly thermal power production is obtained by integrating along the year the 
difference between the concentrated solar flux at the receiver and the thermal power losses estimated 
by the models described in [2]. This is done considering the following assumptions: 

• Standard deviation of the normal vector to the mirror at each point: 7.5 mrad [2]. 
• Mirror shape given by the analytical estimation for a bending moment at its edges, (see 

Section 3.1.). 
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• Bending moment applied to obtain a curvature radius close to twice the distance to the 
receiver, with a maximum value of 30 ⋅ 𝑤𝑤𝑖𝑖  Nm.  

• Simulations carried out every hour along a year for the solar data provided in WP2. 
• 100,000 energy beams traced per simulation. 
• Receiver divided transversally (or circumferentially) in 24 elements. 
• Receiver divided longitudinally in elements 25 cm long. 
• Sunshape distribution given by Buie’s model [8] with a constant circumsolar ratio of 0.05. 

Given a number of mirrors and provided that the Sundial should collect 25 MWh yearly (KPI 5), the 
solar field is optimized with the constraint of obtaining a net thermal energy of 27.8 MWh (13.9 MWh 
per field in the case of the two-field optimization) while the thermal losses in different components of 
the ASTEP system -HTF tubes, thermal storage units, etc.- are assumed to be 10 %. 

From the results obtained in the parallel study to develop the preliminary design of Sundial for AMTP, 
previously presented in [2], it is deduced that multi-tube receivers are not adequate for the ASTEP 
concept. Therefore, only evacuated single-tube receivers are considered in the study, either with 
single-field and 90 mm diameter tuber, or two semi-field and 70 mm diameter tube. The length of 
these receivers must be 4, 8 or 12 mirrors; a length of 8 m is assumed in a first approximation due to 
the lessons learnt in the design of the SunDial for AMTP [2]. 
3.3.2. Two semi-fields and single-tube receiver 

For single-tube receivers, standardized receivers are considered. In this case, as the field width is half 
the field width of the previous section, the optimum standardized receiver diameter is 70 mm. 

From the study of the thermal performance developed in [2], it was assumed that net power absorbed 
by the HTF at the considered range of temperatures depends on the power impinging onto each field 
receiver tube (�̇�𝑄irrad) as follows: 

 �̇�𝑄HTF = 0.8858 · �̇�𝑄irrad  −  0.2742 (2) 

where power values are given in kW. 

The optimization is carried out for 4 and 6 mirror arrays (2 mirror arrays is not possible as the 
optimization does not lead to any design that achieves the required annual thermal energy). The field 
tilt is assumed to be 10o, and the receiver diameter is 70 mm. Therefore, for each number of mirrors, 
the variables to be optimized are: 

• Field width, 𝑤𝑤𝑓𝑓. 
• Receiver height, 𝑧𝑧𝑟𝑟. 

Fig. 12 depicts the size of the field measured on a coordinate system tilted 10 deg, that is to say, a 
coordinate system where the x-y plane contains the rotating axes of the mirrors. 
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Fig. 12. Results from the optimization for the two semi-fields and single-tube 70 m diameter vacuum 

receiver: size of the field on a coordinate system tilted 10 deg. 

Regarding the optimum mirrors design, one can observe that for a design with 4 mirrors per field they 
are longer and narrower. Furthermore, the optimum design for 6 mirrors implies larger length 
difference between central and lateral mirrors; this is due to the further location of lateral mirrors (see 
field width in the figure), which implies a higher impact of end losses and, thus, a shorter optimum 
length following the methodology explained in Section 3.2.3. Finally, it results from the figure that 
when a larger number of mirrors is used the height of the receiver increases slightly as a result of the 
larger field width, so that the incidence angle from the lateral mirrors is not too large. 

From Fig. 12 it can be concluded that the design for 4 mirrors leads to a smaller field. Nevertheless, in 
order to have a better approximation of the size of the platform, including both fields installed on the 
platform, Fig. 13 shows the size and surface required on a horizontal coordinate system. In order to 
depict these figures, it has been assumed that both parallel fields are spaced 15 cm (from the closest 
reflecting surface edges). For the transversal size, two different numbers are given: the reflecting 
surface of field edges, which is the distance between the furthest reflecting surface lines of both fields 
assuming mirrors are horizontal; and the holding structure edges, which is the distance between the 
central points of the furthest mirrors of both fields. This second figure would allow a narrower platform 
assuming that mirrors are hold by their central point and that the reflecting surface is floating beyond 
the platform. Regarding the vertical size, it has been considered that the field is tilted and that the 
longitudinal location of mirrors and receiver is not the same. 

  

Fig. 13. Results from the optimization for the two semi-fields and single-tube 70 m diameter vacuum 
receiver: size of the field (left) and surface (right) on a horizontal coordinate system. 



  D3.2 Preliminary design of Sundial for MAN 

 Page 21 of 26 

This figure confirms that the design for 4 mirrors leads to smaller (and thus cheaper) platform: although 
the length of the field might be slightly lower for 6 mirrors, the height and, especially, the transversal 
size are higher, which would lead to larger platforms. One can observe that, although the required 
reflecting surface is similar for both designs, the required surface of the platform, assuming it is 
rectangular, is notably larger for 6 mirrors. 

From this optimization it is decided that a layout with 4 mirrors per field would be used, which would 
lead to the following design variables for one field, see Table 2: 

Table 2.  Optimized design variables for two-fields and single-tube receiver 
 

 Width (m) Length (m) Tilt (o) Filling factor (m) 

Field 4.49 8.3 10 0.91 

Reflecting Surface 4.10 6.32-5.25 10 (-) 
Mirrors 1.02 6.32-5.25 10 (-) 
Receiver 0.07 8 10 (-) 

It must be noted that two fields are to be installed side by side on the platform. Therefore, field and 
reflecting surface values por the SunDial platform would be doubled in addition to a transversal space 
of 15 cm, which leads to 9.13 m if the platform needs to cover the whole reflecting surface. However, 
this can be reduced to 8.11 m if only the supporting structure of the mirrors in covered, assuming 
central supports are used. Therefore, it seems that a squared platform could be designed for this 
layout. 

Finally, Fig. 14 depicts a scheme of the optimized layout for the present case. One can observe that 
both mirrors and receivers are tilted longitudinally, which leads to an important (but affordable) height 
increase along the field.  

 
 

Fig. 14.  2D transversal section (left) and 3D (right) schemes of the optimized layout for the double 
field and single-tube receiver case. 

3.3.3. One field and single-tube receiver 

For single-tube receivers, standardized receivers are considered. In this case, as the field width should 
be similar to the length of the field, which should be around 9 m for a similar layout as in Section 3.3.2, 
the optimum standardized receiver diameter is 90 mm. 

From the study of the thermal performance developed in [2], it was assumed that net power absorbed 
by the HTF at the considered range of temperatures depends on the power impinging onto the receiver 
tube (�̇�𝑄irrad) as follows: 

 �̇�𝑄HTF = 0.8858 · �̇�𝑄irrad  −  0.3525 (3) 

where power values are given in kW. 

In this case, the optimization is carried out for 6 and 8 mirror arrays (4 mirror arrays is not possible as 
the optimization does not lead to any design that achieves the required annual thermal energy). The 
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field tilt is assumed to be 10o, and the receiver diameter is 90 mm. Therefore, as in previous section, 
for each number of mirrors, the variables to be optimized are: 

• Field width, 𝑤𝑤𝑓𝑓. 
• Receiver height, 𝑧𝑧𝑟𝑟. 

Fig. 15 depicts the size of the field measured on a coordinate system tilted 10 deg. 

 
Fig. 15. Results from the optimization for the one field and single-tube 90 m diameter vacuum 

receiver: size of the field on a coordinate system tilted 10 deg. 

Regarding the optimum mirrors design, similar conclusions can be drawn as in the two semi-fields case: 
mirrors are longer and narrower for 6 mirrors than for 8 mirrors, where the length of all mirrors is 
more equilibrated for the lower number. Also, as in previous optimization, the required height of the 
receiver increases with the number of mirrors used.  

Again, in order to have a better approximation of the size of the platform, the size and surface required 
on a horizontal coordinate system is depicted in Fig. 16. For the transversal size, two different numbers 
are given: the reflecting surface edges and the holding structure edges (definitions have been given in 
Section 3.3.2).  

  

Fig. 16. Results from the optimization for the one field and single-tube 90 m diameter vacuum 
receiver: size of the field (left) and surface (right) on a horizontal coordinate system. 

This figure shows that the decision between 6 and 8 mirrors is not straightforward. On the one hand, 
the optimum design for 6 mirrors implies lower surfaces of reflecting surface (with low difference) and 
platform (with large differences). Furthermore, for 8 mirrors there is an important vertical size 
increase, from 3.79 m to 4.29 m. On the other hand, the design for 8 mirrors is more squared, as the 
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dominant dimension in the field length, which is slightly decreased for higher number of mirrors (10.05 
m compared to 10.26 m). Nevertheless, the authors of this deliverable have concluded that a reduction 
of 20 cm on the length of the platform is not enough to justify an increase in the maximum height of 
the field of 50 cm, and thus, the 6 mirrors layout is used as the optimum design for the present case. 
This design would lead to the following design variables for one field, see Table 3: 

Table 3.  Optimized design variables for two-fields and single-tube receiver 
 

 Width (m) Length (m) Tilt (o) Filling factor (m) 

Field 7.53 10.26 10 0.80 

Reflecting Surface 6.05 9.70-7.87 10 (-) 
Mirrors 1.01 9.70-7.87 10 (-) 
Receiver 0.07 8 10 (-) 

Therefore, for the one-field vacuum receiver case, it can be concluded that squared platforms are not 
possible.  

Finally, Fig. 17 depicts a scheme of the optimized layout for the present case. One can observe that 
both mirrors and receivers are tilted longitudinally, which leads to an important (but affordable) height 
increase along the field. 

 
 

Fig. 17.  2D transversal section (left) and 3D (right) schemes of the optimized layout for the single 
field and single-tube receiver case. 

 



  D3.2 Preliminary design of Sundial for MAN 

 Page 24 of 26 

4. Specifications of the final basic design 

From the study carried out in Section 3.3, based on a numerical ray tracing model and the thermal 
performance estimation of solar receivers, the authors have concluded that the two semi-fields design, 
and more specifically, the 4 mirrors optimum layout, is the best option for the one-axis tracking SunDial 
concentrator. In comparison to the 6 mirrors – one field layout, the chosen design leads to lower 
required reflecting surface (47.5 m2 versus 54.0 m2), lower maximum heights (3.4 m versus 3.8 m), and 
a more squared platform (8.3 m x 8.1 m versus 10.3 m x 6.5 m). These improvements are thanks to the 
reduction of end-losses effects when two semi-fields are installed, as the length per width ratio 
increases. 

Obviously, the installation of two semi-fields leads to an important drawback: the required length of 
receiver tubes is double, which implies an important share of the field cost. Nevertheless, the work 
carried out in parallel in Task T3.6 has concluded that this extra cost is lower than the extra cost than 
would imply the installation of rectangular platforms with a length 2 m longer than for the 2 semi-
fields case. 

As a result, the following locations of mirrors’ central axis and receivers’ central axis are obtained: 

  Table 4. Selected design for AMTP case 
 

  Left field Right field 

 M1 M2 M3 M4 R M1 M2 M3 M4 R 

Transversal 
location (m) -4.05 -2.91 -1.73 -0.59 -2.32 0.59 1.73 2.91 4.05 2.32 

Initial longitudinal 
location (m) -4.13 -4.15 -4.15 -4.13 -3.73 -4.13 -4.15 -4.15 -4.13 -3.73 

Final longitudinal 
location (m) 1.04 2.08 2.08 1.04 4.15 1.04 2.08 2.08 1.04 4.15 

Initial height (m) 0.00 0.00 0.00 0.00 2.02 0.00 0.00 0.00 0.00 2.02 

Final height (m) 0.92 1.10 1.10 0.92 3.41 0.92 1.10 1.10 0.92 3.41 

Width/Diameter 
(m) 1.03 1.03 1.03 1.03 0.07 1.03 1.03 1.03 1.03 0.07 
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5. Conclusions 

This deliverable presents the basic design of the Sundial for the case-study of the Mandrekas dairy 
industry, located in Corinth (Greece). 

The Sundial has two major systems that should be defined in this basic design: the receiver and the 
mirror’s field. Both systems are coupled, thus, the selection and definition of one affects the other. 
After developing the methodologies for calculating and assessing the different choices (simultaneously 
for MAN and AMTP user-case studies), the definition of both systems is done in each case to 
accomplish the KPI 5 of reaching 135 kWh daily and 25 MWh yearly. 

According to the Grant Agreement, in the MAN case, the Sundial has a single-axis solar tracking system, 
so a longitudinal arrangement is required, which is cheaper than the transversal one. Moreover, during 
the analysis of the different options to design the Sundial, some choices were discarded. 

Specifically, multi-tube receivers presented lower performance than evacuated single-tube ones, due 
to the higher thermal losses that led to a significantly larger solar field.  

Besides, the single-field & single-tube receiver presented worse performance than the two semi-fields 
& single tube, since the end-losses effects when two semi-fields are installed are lower. 

For those reasons, a basic design for the Mandrekas case with two semi-fields and single-tube receiver 
is selected and defined with the aim of accomplish the KPI 5 (up to 135 kWh of thermal production per 
day in each case study. 25 MWh of yearly thermal production in each case study). The design leads to 
a 47.5 m2 mirrors field in a 8.3 m x 8.1 m platform with a receiver of 16 m length (8 m + 8 m) and 
∅70 mm. 
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