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 APPENDIX B 

 Solar trough technology 

 1 Intro 

 The sunlight that reaches Earth, even if it appears extremely hot, does not contain 
 sufficient energy in the actual form in order to generate thermal power. To use his 
 high potential, the sunlight from a large area has to be concentrated. This can be 
 achieved with magnifying lenses but would make every application very 
 expensive.  The most suitable solution is a concentrating reflector. 

 For the properties embedded in its shape, the parabola has the most potential in 
 order to concentrate the solar rays. Every light ray that enters it travelling parallel 
 to the axis of symmetry is reflected toward the focus. 

 1.1 STORY 
 The principle of collecting heat with parabolic mirrors can be traced back to 
 Archimede; he used mirrors to convey sun rays in order to fire enemies boats 
 during the Siege of Syracuse (213–212 BC). Chinese civilization documented the 
 use of mirrors for the same purpose later in 20 A.D  (Richardson,  2020)  .   Is also 
 reported that Leonardo da Vinci made several studies on parabolic mirrors (Duprè 
 S., 2005) and hypothetical usages. The first operational parabolic trough collector 
 system in the electricity field was near Cairo in 1912,  the system was built to 
 generate steam that feeds a stream engine pump. The current operating PTCs 
 (Parabolic Trough Collectors) follow the same principle of the Cairo's one but with 
 a developed design and advanced technologies. 

 2 Technology 

 Translating this concept in the plastic recycling field, only a few studies have been 
 conducted in order to verify and test the possibility to apply why the trough 
 collectors. Consequently, technology has to be explored and learned from every 
 point of view. 

 To develop a proper solar trough collector different properties have to be 
 considered,  properties related to different elements of this technology,  shape of 
 the parabola,  material and dimensions of both collector and parabola.  in the 
 following paragraphs, I'm going to analyse and give an explanation of the most 
 common properties used in the actual solar trough collectors. 



 3 Parabola Properties 

 The design of a parabolic reflector takes into account the available aperture size, 
 focus location and height of the reflector. 
 These parameters are interrelated by a mathematical formula, this relation is 
 shown in the figure below, the flatter is the reflective surface, the longer is the 
 focal length (distance of the focus from the parabola). (Fedkin & Dutton, 2020) 

 Consequently, the consideration to take into account is that for the same width 
 there are infinite possibilities of parabola,  which have different lengths.  That is 
 going to influence many factors such as the weight of the mirror, the overall 
 dimension of the final product and the production costs. 

 4 PTCs Properties 

 Mirror material    and other mirror materials 



 4.1 Mirror Reflectance 
 The reflectance of the mirrors plays a key role in the efficiency of the PTC. 
 As mentioned by Jamali H [2019], one of the main factors influencing the 
 reflectance, is the material of the mirror and the coating of it. In the following 
 chart, retrieved from the above-mentioned research, are reported some of the 
 most common material-coating configurations and their relative reflectance. 
 index. 

 A secondary factor that influences mirror reflectivity is the Local Shape Deviation 
 (Sauerborn et al., 2012), small imperfections and bumps in the parabola can 
 deviate the trajectory of the sun rays from the collector, or create zones with 
 different temperatures in the collector. In the following image, you can see how 
 this phenomenon has been noticed during the preliminary tests. (see more in 
 chapter 7) 



 4.2 Receiver 

 In between all the elements of a PTC system, the receiver is one of the most 
 complex to design since absorption, reflection and transmission occurs when 
 electromagnetic radiation impacts a solar it.  (Sauerborn et al., 2012)  (see figure x) 
 Consequently, the classical receiver is composed of two concentric pipes, an inner 
 steel tube, containing the moving fluid and glass pipe, mostly borosilicate or 
 quartz, to surround it and deal with absorption, reflection and transmission. Both 
 the pipes have a protective coating to increase their thermal properties. 
 Receivers can be classified as Evacuated or Not Evacuated;  evacuated pipes are 
 suitable for working temperatures higher than 300° (Lovegrove & Stein, 2012). As 
 mentioned by Wang (2019), the thermal properties and life of the parabolic trough 
 receiver tube are directly influenced by the vacuum degree of the evacuated 
 interlayer. If the vacuum layer is damaged, not only will the respective heat losses 
 rapidly increase, but also the selective receiver film of the steel receiver tube 
 surface will deteriorate due to oxidation. 
 The glass pipe is generally provided with an anti-reflective coating to achieve a 
 higher solar transmittance and reduce the heat dispersion (Lovegrove & Stein, 
 2012). The following chart is shown an example of three commercialized receivers 
 and their relative properties. (Lovegrove & Stein, 2012). 



 4.3 Sun Path 

 Sun path, also known as day arc, is 
 the arc-like path that the Sun appears 
 to take across the sky on a daily and 
 seasonal basis as the Earth rotates 
 and orbits the Sun. 
 The path of the Sun influences the 
 length of day and amount of daylight 
 received along a given latitude during 
 a given season; the seasonal 
 differences are caused by the heath 
 axial tilt. The position of the sun in the 
 sky can be measured by the introduction of two angles Azimuth and Elevation. 
 In the figure  below,  with the area in yellow,  we  can notice the yearly sun path 
 range in Ulundi, specifically the range is considered in between the longest and 
 shortest day of the year,  December and  June solstices. 



 4.4 Solar Tracking 

 A solar tracker keeps the collector’s aperture perpendicular to the incident rays to 
 maximize the solar radiation. 
 The tracking system is generally controlled by a solar position algorithm, 
 fine-tuned with the implementation of light sensors. The software part drives a 
 hydraulic system that allows small step movements, typically with a precision of 
 1/10mm. (Sauerborn et al., 2012) 

 On large scale applications most of the solar trackers follow the sun path only 
 along one axis, the PTC rotates around the receiver axis. New researchers (Bakos, 
 2006) are developing two-axis tracking systems that allow higher energy 
 efficiency and moreover, as shown in the  graph below  ,  they increase the daily 
 working timespan of the PTCs. 



 4.5 Maintenance and operation 

 The most frequent activities of maintenance of the solar systems are a periodic 
 measurement of mirror reflectivity and their washing. A major issue can be the 
 mirror-soiling that is indeed influenced by the application site. As happens in 
 Spain in which the reflectivity decreases at a rate of 0.0025% per day. 
 Consequently, in the first ten days after the washing, the reflectivity passes from 
 93% to 90% causing the necessity of washing and other costs involved. (Lovegrove 
 & Stein, 2012) 
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 APPENDIX C 

 Thermoplastic Extrusion Technology 

 Through literature research, expert interviews and a company visit, a list of 
 insights will be gathered that have important implications on the design 
 process. 

 1.  Technology 

 Plastic extrusion is a high-volume manufacturing process in which raw plastic is 
 melted and formed into a continuous profile. Extrusion produces items such as 
 pipe/tubing, weatherstripping, fencing, deck railings, window frames, plastic films 
 and sheeting, thermoplastic coatings, and wire insulation. 
 Lately, with the introduction in the market of user extruders,  the range of 
 extrusion products has broadened also into mold based products other than the 
 classic linear profiles. 

 This process starts by feeding plastic material (generally pellets, granules, flakes or 
 powders) from a funnel into the extrusion barrel. The material is gradually melted 
 by the mechanical energy generated by turning screws and by the heating bands 
 arranged along the barrel. The molten mass is then forced into a die, which gives 
 shape to the polymer. 

 2.  Precious Plastic Extruder 

 In the last decade, there has been a growing trend toward local recycling plants 
 and low technology recycling machines. One of the most diffused plastic 
 Extruders is the Precious Plastic one. The concept behind Precious plastic aims to 
 create a network of plastic recycling facilities spread around the globe in order to 
 allow small realities or low-income countries to recycle plastic. This goal has been 
 achieved by a DIY low technology design, the design is conceived to be created 
 with materials and components available everywhere, moreover, being an 
 open-source project, all the building information are available on the Precious 
 Plastic website. 



 3.  Properties and Components 

 In-between all the properties in characteristics of a classic Plastics extruder in the 
 following paragraphs will be analysed only a few with high relevance for the 
 project purpose, some of them will consider as examples the Precious Plastic 
 Extruder Pro. 

 3.1 Screw 
 A typical extrusion Screw is composed of 3 different zones, respectively feeding, 
 compression(barrel) and metering zone. As noticeable in the image below, the 
 core of the screw in the feeding zone is conical, the scope of this shape is to 
 convey plastic flakes in the transition zone. With the increase of the internal 
 diameter of the screw core the pressure increases, consequently, in the transition 
 zone, the plastic starts melting and compacting. The metering zone uniforms the 
 plastic flow in order to have a constant flow. 



 Every zone of the screw needs a different working temperature depending on the 
 polymer, in the  following chart  are shown the temperatures  suggested by 
 precious plastic related to their Plastic Extruder Pro(Precious Plastix, 2021) 

 3.2 Rpm - Friction - Temperature Interrelation 
 Another important factor to consider in plastic extrusion is the interrelation 
 between RPM of the motor, Temperature and Extrusion volumes. 
 High RPM raises the internal temperature because of the friction caused by the 
 screw touching the internal side of the barrel. Consequently, high RPM can 
 increase the melted Rate (Kg/h). (Personal interview with Pieter de Boer, July 8, 
 2021). 
 In the following chart, the behaviour of  RPM and Temperature related to the 
 melted volumes is shown. 



 In this specific case  (Martin, 2020)  is also noticeable  how different screw designs 
 in different conditions are going to influence the Melting Rate, but generally, we 
 can state that increase of rpm is causing an increase in temperature and 
 consequently can allow a higher Melting Rate. 

 3.3 Plastic melting temperature range 
 In between the material properties of polymeric materials, for the scope of the 
 graduation projectl, the Melting Temperature Range is taken into account. This 
 range of temperature can help to derive the working temperature tolerances of 
 the envisioned product. 
 The following chart, retrieved from Manufacturing and Design (Tempelman E, et 
 al. 2014) shows the melting ranges of the most common polymers. 

 Plastic  Tp  [C°] Range 

 LDPE  170-245 

 HDPE  200-300 

 PP  200-300 

 PVC (hard)  150-210 

 PS  160-280 

 ABS  200-270 

 PLA  150-200 

 3.4 Temperature Control 
 Temperature control is an important aspect of the extrusion process in industrial 
 manufacturing to ensure good quality. 
 Temperature tolerances in industrial manufacturing range from 0.1 C° for small in 
 section and highly detailed shapes to a maximum of 0.5 C° for most products; in 



 my case, the tolerance can be as high as 5 C°. (Personal interview with Pieter de 
 Boer, July 8, 2021). 

 Heating bands and fans are two elements that play a crucial role in temperature 
 control. Both elements are operated by PID controllers, however, because the 
 heating bands heat and cool at a slow rate, the fan helps to keep the temperature 
 constant and consequently allow a high level of tolerance in the production. 
 In the Precious Plastic extruder, the temperature is managed only with the use of 
 heating bands, without fans. 
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 APPENDIX D. PRELIMINARY DIMENSIONING MODEL 

 In the following chart are shown the formula created during a Call With Giuseppe Nicotera, 
 Physics Double Master Degree Student, University of Pisa and Sorbonne. 



 In the following image is shown the parametrization of the model with the usage of 
 Grasshopper, parametric software that allowed a direct conversion from formula to parabola 
 geometry and dimensioning. 
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