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Executive Summary 

This document presents evidence of the purchase of the different components required for the ASTEP 
system and their partial installation at lab sites. 

First, the advances related to the procurement and construction of the two Sundials for the AMTP and 
MAN case studies are shown. These Sundial units will be tested at lab site, in Madrid, and later sent 
and tested to the corresponding end-user sites. 

Then, the advances related to the procurement and construction of the Energy Storage Systems at lab 
site, in Cartagena, are presented. The three accumulators that have been built will be later sent and 
tested at the two user sites, particularly two to AMTP and one to MAN. 

Afterwards, the steps taken for the selection of the absorption chiller are presented. First, a chiller by 
Robur was selected and then another one by Purix. As none of them could be purchased, the final 
decision is supported, which is the use a heat exchanger to emulate the cooling. 

Finally, the evidence of the purchase and procurement of the whole ASTEP concept is presented. The 
ASTEP concept includes the hydraulic circuit, the components that emulate the thermal loads of the 
industries, namely the heat exchangers that emulate the oven of AMTP as well as the ones emulating 
the boiler and the absorption chiller of MAN, and the sensors/actuators of the control system.   
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1. Introduction 

This report covers the contents of the first releases of the ASTEP deliverables ‘D6.1 - ASTEP SunDial for 
AMTP and MAND’, ‘D6.2 - ASTEP Storage system and Test Results’ and ‘D6.2 - ASTEP Storage system 
and Test Results’. The scope of the deliverables is, in a first stage (by M34), to present evidence of the 
purchase of the different components required for the ASTEP system as well as their installation at lab 
sites. The objectives of the document are: 

- To show the advances related to the procurement and construction of the two Sundials, 
namely AMTP and MAN ones, that will be tested at lab site, in Madrid, and later sent and 
tested at the two user sites. 

- To show the advances related to the procurement and construction of the Energy Storage 
Systems at lab site, in Cartagena, which will be later sent and tested at the two user sites. 

- To present the evidence of the purchase and procurement of the ASTEP concept, including the 
hydraulic circuit, the components that emulate the thermal loads and the control system that 
integrate the Sundial, the Energy Storage System and the loads of the industries. This includes 
the heat exchangers that emulate the oven of AMTP as well as the ones emulating the boiler 
and the absorption chiller of MAN. 

1.1. Mapping ASTEP Outputs 

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

TASKS 

Task T6.1– SunDial ASTEP component 
procurement, construction, installation and 
tests. 

Section 2 

“During this task two ASTEP concentrators will be 
built using the design resulting from WP3 for both 
AMTP and MAND and tested during several months. 
As a result of the task, a complete model of the 
system must be obtained, which includes steady 
state operation, start up and shut off”. 
“The two ASTEP concentrators will be built in 
Tecnogetafe, close to Madrid”… “installation of the 
solar platform, including the structure, mirrors, 
receivers and rotating joint”... “installation of an 
external heat exchanger, where the atmosphere will 
be the system heat sink”… “implement the control 
system in order to operate both prototypes”. 

Section 2 contains, in the form of pictures, the 
evidence of the purchase and installation of the 
different components of the two Sundials for the 
respective use-cases, namely AMTP and MAN. 
These components are the rails, the platforms, 
the receivers including the evacuated tubes, the 
mirrors and the motors. 
The implementation of the control system is a 
pending task for the time of this interim 
deliverable. 

Task T6.2 – Storage system ASTEP storage 
system, procurement, construction, installation 
and test. 

Section 3 

“During this task an ASTEP PCM storage system 
will be built and tested, employing the design 
resulting from WP4”. 
“two different ASTEP storage systems, working 
with different PCMs for the requirements of the 
test sites, will be installed for melting and 
solidification tests under realistic operating 
conditions”… “A cooling circuit will be employed 
to dissipate the stored energy in the TES, 
allowing for conducting discharging cycle tests”. 

Section 3 contains, in the form of pictures, the 
evidence of the purchase and installation of the 
different components of the Energy Storage 
Systems for the two use-cases, AMTP and MAN. 
These components are the inserts, the tubes, the 
tanks and the salts selected as PCM, which are 
the same in both cases. 
This Section also contains the evidence of 
construction of the cooling circuit of the rig. 
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T6.3 – Absorption heat pump and heat 
exchanger, procurement and interface system 
development. 

Section 4 

“In order to ensure that the enhanced solar 
concentrator designs, it will be necessary to 
consider various commercially available small-
scale absorption chillers and associated 
components e.g. heat exchangers. Based on 
activities and component selection in WP5, 
suitable absorption chiller devices, and other 
components will be purchased, and a design will 
be developed for an interface system that will 
couple the collector output to a low-cost 
absorption chiller for MAND requirements. Once 
refined, a prototype version of the interface 
system will be built ready for testing, first in 
laboratory environment and, after revaluation, 
in intended environment”. 

Section 4.1 describes the different steps 
followed for the selection and purchase of the 
absorption chiller, as well as the selection and 
the different decisions taken during this process. 
Section 4.2 presents, in the form of pictures, the 
evidence of the purchase and installation of the 
different components for emulating the 
absorption chiller and the whole ASTEP concept 
at lab-site. 

DELIVERABLE 

D6.1.1 - ASTEP SunDial for AMTP and MAND. Section 2 
“Demo ASTEP concentrator with two-axis 
tracking which will be used to carry out tests for 
AMTP system”. “Demo ASTEP concentrator with 
one-axis tracking which will be used to carry out 
tests for MAND system”. 

Section 2 contains the evidence of the purchase 
and installation of the different components of 
the two Sundials for the respective use-cases. 
These components are the rails, platforms, 
receivers including tubes, mirrors and motors. 

D6.2.1 - ASTEP Storage system and Test Results. Section 3 
“Demo storage system that will be used during 
the tests carried out in T6.2. This system will be 
able to use different PCMs”. 

Section 3 contains the evidence of the purchase 
and installation of the different components of 
the Energy Storage Systems for the two use-
cases, namely the inserts, the tubes, the tanks 
and the salts selected as PCM, which is the same 
in both cases. 
This Section also contains the evidence of 
construction of the cooling circuit of the rig. 

D6.2.1 - ASTEP Storage system and Test Results. Section 4 
“Demo of the heat exchangers and absorption 
chiller (for MAND) will be installed in order to 
carry out tests to validate the control of the 
ASTEP system”. 

Section 4.2 presents the evidence of the 
purchase and installation of the different 
components for emulating the absorption chiller 
and the whole ASTEP concept at lab-site. 

1.2. Deliverable Overview and Structure 

Section 2 presents, by means of pictures, evidence on the purchase and installation of the different 
components required for the AMTP and MAN’s Sundial. Similarly, Section 3 presents the evidence of 
the purchase and installation of the different components for the Energy Storage Systems of AMTP 
and MAN, as well as the evidence on the construction of the cooling circuit of the rig. Finally, Section 4 
is devoted to the emulation of the ASTEP concept in WP6. First, Section 4.1 describes the steps taken 
for the selection and purchase of the absorption chiller, and the decision taken once its purchase was 
not possible. Then, Section 4.2 presents the evidence of the purchase and installation of the different 
components for emulating the absorption chiller, heat loads at the end users and the whole ASTEP 
concept at lab-site. 
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2. SunDial ASTEP component procurement and evidence of construction 

  
Fig. 1. Rails and rotatory platforms on them for AMTP (green and black) and MAN (blue and grey) 

  
Fig. 2. Supporting structure for the mirror lines for AMTP (horizontal, to the left) and MAN (tilted, to 

the right) 

 
Fig. 3. Flexible tubes and rotative joint as interface between the Sundials and the balance of plant 
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Fig. 4. Receivers (1): cavity that host the tube-receivers and extensions 

  
Fig. 5. Receivers (2): Evacuated tubes 

  
Fig. 6. Motors 
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3. Storage system ASTEP storage system, procurement and evidence of 
construction 

  

 
Fig. 7. Installation of the inserts in the U-tubes of the Energy Storage System 
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Fig. 8. Accumulators containing the inserts, U-tubes and phase change material 

  
Fig. 9. Procurement of salts and mixture for the eutectic solution preparation 
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Fig. 10. Filling in of the accumulator with the 

prepared eutectic  
 

Fig. 11. Test rig for the Energy Storage System and 
associated circuits  

 
Fig. 12. Hydraulic circuit of the test rig 
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4. Absorption heat pump, heat exchanger and balance of plant procurement 
and emulation 

4.1. Selection of the absorption chiller, purchase and final decision 

According to the GA [1], the ASTEP concept should be capable of producing both heating and cooling 
functions. For cooling, the absorption chiller technology is employed, which is driven by the solar 
energy collected by the Sundial. This is implemented in the project within the MAN case, that requires 
chilled water at -5 oC for storing the products of the dairy industry [2].  

As outlined in [3], the most important feature of the absorption system for its integration within the 
ASTEP concept is the heating technology, which must be of the indirect-fired type (either water-fired 
or oil-fired). Additionally, since the required cooling temperature is below 0 oC, the most adequate 
refrigerant is a NH3/H2O solution, since LiBr/H2O solutions crystalize below -2 oC. Finally, an additional 
useful feature for the ASTEP concept is that the cooling system can be air-cooled based instead of 
water-cooled, to avoid cooling towers and the associated extra equipment. 

After conducting an initial search in November 2020, several manufactures offering NH3/H2O indirect-
fired absorption chillers were identified, including Zudek, Colibri, Ago, Robur [3]. Most of these 
absorption chillers have capacities ranging from 50 kW to 100 kW, which is quite high for the demo 
plant. However, the Robur ACF60-00 LB met all the requirements with a capacity of 17 kW, suitable for 
the demo. Thus, it was selected for purchase and accordingly ordered in April 2021. Unfortunately, this 
model was discontinued since January 2021. 

Due to the high power-rate of the other options, which make them unsuitable for the project, it was 
decided to leave some of the above features out in order to find a suitable one for the MAN user-case. 

Among the indirect-fired absorption chillers below 20 kW that operate with LiBr/H2O, the Yazaki 
WFCS5 (18 kW) and the Purix A25 (3 kW) were notable choices. As it was also described in Refs. [3] 
and [4], while the Yazaki WFCS5 can reach lower temperature than the Purix A25 (+7 oC vs +13 oC), the 
latter is air-cooled and has lower thermal power, making it more suitable for integration into the ASTEP 
concept. 

Despite the chilled water temperature in both cases (Yazaki and Purix) being above 0 °C, these chillers 
still allowed for the demonstration of cooling production. However, an additional compression chiller 
is required as a second cooling stage at the end user site in WP7 to achieve the required temperature 
of -5 ºC. 

Since both options required a second cooling stage and considering that the temperature for cooling 
down the condenser of the additional compression chiller cannot be below 20 °C, the intermediate 
temperature (+7 oC of Yazaki or +13 oC of Purix) was not a limiting factor. Therefore, to demonstrate 
the cooling production and maintain the objectives of the project as closely as possible to the DoA, the 
Purix A25 was selected for purchase due to its smaller size, and two units of 3 kW were ordered. 

The initial contact with the Purix A25 manufacturer took place in June 2021 to request the relevant 
technical and financial information, and the two units were later ordered in September 2021. After 
two long periods of periodically seeking updates on the order status, the first between September and 
December 2021, during which few details were received, and the second between January and July 
2022 without receiving any details, doubts arose regarding the product. As a result, we proposed a 
visit to Purix's headquarters in Copenhagen to verify the feasibility and suitability of the purchase for 
the project. 

The trip to Copenhagen on the 2nd and 3rd of November was unsuccessful, leading to the final decision 
to decline the purchase of the chillers. Instead, they would be substituted with heat a heat exchanger 
that meets the same feeding requirements in terms of temperature and thermal power exchange. 

These heat exchangers, air cooled, were subsequently purchased and received in Madrid. 



  D6.1.1, D6.2.1, D6.3.1 - Demo of ASTEP system at lab site 

 Page 16 of 19 

To sum up, due to the small size of the demonstrator (below 20 kW) and to the fact that the Robur 
ACF60-00 LB is no longer manufactured since January 2021, as well as the high temperature for the 
cooled water and insufficient guarantees for delivery from the manufacturer of the Purix A25, the 
ASTEP concept will emulate the cooling production, particularly chilled water, through the use of heat 
exchangers operating under the same feeding conditions as absorption chillers, as well as through 
computational simulation [3]. For higher power rates (50 kW and higher), there are commercial 
absorption chillers available from other manufacturers that can directly achieve -5 ºC. 

4.2. Heat exchanger and balance of plant procurement and emulation 

 
Fig. 13. Air coolers 

  
Fig. 14. Pumps. 

  
Fig. 15. Valves 
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Fig. 16. Pipes and flanges of the hydraulic circuit 
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5. Conclusions 

The progress on the procurement and construction in Madrid of the Sundials for the AMTP and MAN 
case studies have been presented. Likewise, the Energy Storage Systems, consisting of three 
accumulators, have been successfully constructed and are being commissioned at the lab site in 
Cartagena. These equipment, Sundial and accumulators, will be tested at lab site and then sent and 
tested at the corresponding end user sites. 

The selection process for the absorption chiller has been also outlined. Due to the inability to purchase 
any of the suitable absorption chiller, it was decided that the best solution was to emulate it by means 
of a heat exchanger that meets the same feeding requirements in terms of temperature and thermal 
power. 

Finally, the evidence presented confirms the advances in the purchase and procurement the ASTEP 
concept in Madrid. The concept includes various components, like the hydraulic circuit, thermal load 
emulation components, and the sensors/actuators that integrates the Sundial, Energy Storage System, 
and industrial loads. 

Overall, the document's findings highlight progress in the procurement, construction, and installation 
of the necessary components for the ASTEP system. These achievements bring the ASTEP system closer 
to its first validation at lab site before sending it to the end user sites. 
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