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Abstract 

This study demonstrates the EcoPrinting principal, which makes use of renewable energy to 
realise a low carbon footprint means of recycling waste plastics into feedstock for Fused Filament 
Fabrication (FFF) 3D printing. We present our work to date to encapsulate this principal in a singular 
device, which comprises a nanogrid solar/battery storage unit, a custom made filament extrusion 
device and modified FFF 3D printer system. We demonstrate that our system is capable of reforming 
ABS plastics found in electronic waste and converting these into functional items through a melt 
extrusion and additive manufacturing process. We successfully demonstrate the efficacy of the system 
to operate using solar derived energy and using the resulting filament to 3D print functional pipe 
connector components. We conclude Ecoprinting holds considerable potential as a sustainable means 
of converting waste plastics into functional components. Finally, the portable and self-sufficient 
nature of the system, Ecoprinting could feasibly could be applied as a cost effective aid solution for 
vulnerable communities in low socio-economic environments.  
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1 Introduction 

Thermoplastics are a prevalent manufacturing material which, have desirable material 
properties and can be fabricated using a vast array of manufacturing processes, such as Injection 
moulding [1], laser engraving [2] and 3D printing [3]. Equally, due to its desirability as an engineering 
material, production of plastics has escalated annual and is projected to increase to close to one billion 
tons in the year 2050 [4]. The sheer volume of production, in addition to the historical remnants of 
previous year’s production is leading to unprecedented challenges with respect to the management 
and reuse of this resource. This problem is fuelled by us now living in a more disposable society, where 
many products are short lived and can be discarded in less than a year [5]. Solutions to this growing 
problem would require a more robust management process of this resource, which takes a holistic 
view, enabling recycling from the product design phase right through to waste processing to prevent 
plastics unnecessarily being destined for landfill or littering our environment [6]. 
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Additive Manufacturing (AM) has emerged as a highly disruptive manufacturing process, with 
applications across several major industry sectors, from aerospace [7, 8], medical [7, 9, 10] and custom 
product development [7]. There are several distinct additive manufacturing processes by which to 
process a wide variety of material, from metals [11, 12] to living cells [13], exemplifying the maturity 
of this field. However, of all the available technologies one of the most widely utilised and accessible 
AM technologies is Fused Filament Fabrication (FFF), which now sees extensive use spanning both the 
education to home user sectors. FFF technology primarily utilised plastics as the feedstock material 
with the most widely used comprising PLA and ABS plastics. When considering the context of waste 
plastics, of these two plastics ABS is found in abundance in a variety of consumer products, such as 
electronic casings, toys, musical instruments and car parts, to name a few potential sources. 
Therefore, it would be considered reasonable that following the discarding of such products, that 
perhaps the waste ABS plastic may be reclaimed and repurposed for use in a standard FFF 3D printer.  

We have previously proven the potential to use recycled ABS plastics for FFF characterising 
the decline in material properties when compared to virgin material [14, 15] . Our findings concluded 
that degradation of the mechanical properties can be as low as 13% when compared to virgin material, 
implying that there is considerable potential for recycled material to be used in functional applications 
where mechanical integrity is required. With respect to sustainable manufacturing, the use of 
renewable energy to power 3D printing systems has also been demonstrated in the studies performed 
by the Pearse Research Group [16]. When combined with recycled 3D printing, it would seem feasible 
that a sustainable manufacturing paradigm could be realised which leverages both technologies to 
enhance material reuse, and to do so with a minimised carbon footprint.  

In this study we demonstrated a process which we term as EcoPrinting, which involves the 
recycling of waste plastics found in consumer waste into 3D printer filaments for manufacturing use, 
while generating all power for the instrumentation using renewable energy. As a demonstration of 
the potential of this process we document the progress made in developing a complete prototype 
system which could have potential for use in a humanitarian aid based scenario in a developing nation. 
We aim to optimise the system for potential operation in the remote jungle setting on the Solomon 
Islands to manufacture fittings to remedy leaking pipes. In this scenario, we anticipate the lack of any 
stable electrical infrastructure and assume ample waste plastics in the environment, which has been 
confirmed to us by project partners Plan International, who are currently engage in aid programs in 
this area. To test the efficacy of the prototype system, in this study we demonstrate that we can take 
ABS found in electronic waste, granulate it down using a hand operated grinder, before using this in a 
melt extrusion process to generate 3D printer filament. We then demonstrate that this filament can 
used to create 3D printable items, including a functional pipe connector part using energy generated 
from a bespoke solar energy generation system (nanogrid). Our preliminary tests confirm the 
functional operation of our system and its potential to revolutionise the current paradigm of aid 
delivery, though a more versatile approach that not only works sustainably, but leverages the 
advantages  of product customisation offered by AM. 

 

2 Methodology 

There were several subsystems that comprised the entire EcoPrinting system to achieve the 
goal of converting e-waste ABS polymers to printed parts. An overview of the subsystems can be seen 
in Figure 1.  
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Figure 1: A flow diagram of the entire EcoPrinting system 

 

2.1 Consumer waste reclaiming and granulation 

In this study we reclaimed waste ABS plastics from discarded electronics within Deakin 
University’s School of Engineering to be used as our test material. This waste would have otherwise 
been discarded by dispatch to local recycling centres for dismantling and sorting. In this instance, we 
manually dismantled the outer casing from items such as old computers, laptop docking stations and 
desktop telephones, which we sorted for granulation. It was believed that directly using post-
consumer waste would be more reflective of what would be experienced should the devised system 
be used in a real world context out in the field. 

Generally, most plastic were relatively free of contamination, but if required a light clean with 
a damp cloth was performed to remove any major dust and dirt accumulations. Once clean the plastic 
components were broken down into fragments, approximately no larger than 150x150mm, and fed 
into a hand operated granulation device. The device comprised a series of geared, interlocking teeth 
which could be rotated using a lever arm. The granulation process required that a piece of plastic 
underwent several phases of repeated grinding to reduce the granule size. Following this the plastic 
was place through a sieve with a mesh size of approximately 5mm, resulting in the end product that 
could be used in the filament extrusion device. 

 

2.2 Filament Extrusion Device 

To convert the waste plastics into 3D printer filament we created our own bespoke melt 
extrusion device, which we have named as the Ecostruder system, and is the core element of the 
recycling system. The system is based on key elements from commercial melt extrusion systems 
utilising a single screw system [17, 18] and is powered by a 24V, 100W, internally geared DC motor. It 
is worth noting that a 300W, 240VAC to 24VDC power supply unit was incorporated into the 
Ecostruder to allow for use using mains electricity as found in a typical Australian electrical supply 
system. However, a secondary mode of operation through the nanogrid was also achieved and 
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outlined in the section 2.4. To ensure that the screw operates at a constant RPM, an encoder is used 
to measure the rotational velocity, and which is feedback into a PID controller. The screw is also 
coupled directly to the geared motor, which provides a simple and robust interface where auxiliary 
chains are not required. Three individually controlled 50W band heaters provide the ability vary the 
temperature distribution along the barrel, which in turn allows for control of how the fed waste plastic 
transitions from solid to the liquid phases. The system also utilises a custom fabricated drive screw, 
which is tapered to become wider at the extremity of the barrel. This configuration is widely used in 
commercial extrusion system and where the screw geometry is optimised for the use of a particular 
family of polymers. The tapering geometry of the screw causes a compression of the material and 
builds pressure to force the molten material out of the barrel through a fixed size nozzle. During 
operation, the motor will rotate the screw, forcing the processed material along the barrel and out 
through the nozzle. The nozzle diameter, heater temperatures and material feed rate will dictate the 
final cross-sectional geometry of the exiting filament, but this can be further adjusted by tensioning 
of the filament prior to complete solidification of the polymer. Following extrusion, the Ecostruder 
system contains a cooling fan to enhance thermal relaxation, before the resulting filament is fed 
through an optical sensor. The sensor is linked to PID controller and allows for adjustment of the 
rotational speed of the motor, which in turn automates adjustment to increase or decrease the feed 
rate to achieve a desired filament diameter. In our current set-up, a 3mm nozzle is used and the 
extruded plastic and the sensor is set to achieve the desired set diameter. To examine the 
performance of the extruder, filaments were generated with 100% recycled consumer waste ABS and 
pelletised virgin ABS for performance comparison. A picture of the Ecostruder system can be seen in 
Figure 2a). 

 

2.3 3D printing  

 All 3D printer testing and modifications were performed to a commercially available FFF 
machine (Lulzbot Mini, Aleph Objects Inc, USA). This format was selected due to the open source 
nature of the printer, both with respect to software and hardware, which allowed for modifications 
to be made with relative ease. The printer was also selected as it was found to be a good compromise 
of 3D printing size (152x152x158mm) to power consumption, as assessed from in-house testing 
(results not shown). The build size of the platform fundamentally allowed for the construction of all 
standardised sized of pipe connectors were likely to encounter should the system be implemented as 
intended in the Solomon Islands for water infrastructure maintenance.  

 For use in this study modifications were made to the printer to both allow for usability using 
our nanogrid system and also using recycled plastics. Modification were initially made to include a 
three stage switch to allow for the machine to move from a state of being switched off, use of the 
Australian standard 240VAC to 24VDC power supply unit, or to switch to the nanogrid system of 
operation which directly operates at 24VDC.  

 When performing test prints a nozzle temperature of 235oC, print bed temperature of 100oC 
and print speed of 50mm/s were employed, which were considered optimal for the use of ABS plastic. 
These settings were held constant across all variant of ABS plastics examined unless issues were 
observed in the printing process and then each of these parameters, starting with the print speed 
were adjusted stepwise to obtain optimal manufacturing. For all designs examined, prints were 
performed using 100% infill to ensure the fabrication of the most mechanically robust pipe connector 
parts possible. 
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Figure 2: a) An annotated picture of the Ecostruder system and b) A photograph of the nanogrid battery and 
charge controller system being used with the 3D printer 

 

2.4 Nano Grid system 

An important feature of the Ecoprinting process is the generation of electricity from 
renewable energy. Currently, we opted for a system comprising the use of portable Photovoltaic (PV) 
solar panels, which would be used to trickle charge lithium ion batteries. In an ideal scenario, the 
system which we aimed to create would have the capacity to operate solely from the use of the energy 
generated by the PV’s. This would not be realistic in real operational scenarios and so the aim was to 
create a dynamic system that could operate directly utilising the energy from the PV cells, and divert 
excess charge to the lithium-ion batteries. Conversely, in times when insufficient electricity is 
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generated to power a respective device, charge from the battery system can be utilised to sustain 
operations. 

The overall system comprised of a commercial MPPT 75/15 solar charge controller system 
(Victron, Outback Marine, Australia) in conjunction with two 12V 55Ah LiFEPO4 batteries (EV Power, 
Australia) and two 150W silicon photovoltaic cell arrays (Australia Direct, Australia). The lithium-ion 
batteries utilised in this system were equipped with an in-build smart charge control systems which 
ensured that the system did not over charge, or full discharge, guaranteeing the integrity of the 
system. An additional fuse and switch were placed into the system as a secondary safety precaution. 
To monitor the power entering and leaving the nanogrid system, two inline power meters were placed 
into the system (Kickass, Australia direct, Australia) which allowed for direct readings of the power, 
voltage, current and historical data. Figure 2b) shows a picture of the system during initial testing and 
set up. The particular set up was designed to operate at 24VDC due to both the 3D printer (bed/hotend 
heaters) and Ecotruder (motor and heaters) components all operating at 24V. Therefore, to minimise 
losses due to voltage conversion and to remove the necessity for secondary power supply units, the 
system was designed to run seamlessly at 24V. This would allow for both devices to function in what 
was term ‘on grid’, using mains electricity, or ‘off grid’, using the nanogrid system.  

 

3 Results 

 3.1 E-Waste Granulation 

 To measure the average granulation size of the ABS fragments, a methodology where twenty 
randomly selected granules were measured across their longest diameter and then averaged. In 
previous studies, waste 3D printed ABS material had been effectively ground down using a similar 
process to this study, attaining an average grain size of 3.8±1mm [14]. We found that we obtained a 
similar outcome using electronic waste ABS plastics, obtaining an average granule size of 4±0.8mm 
over five repeated cycles of granulation, with a maximum and minimum range of 2.6 to 5.7mm. Figure 
3a) illustrates several of the electronic waste conversion phases, starting from discarded product to 
final granules. Our obtained results compare favourably to the average size of pelletised virgin ABS, 
which has been found to be approximately 3.4±0.4mm across a diameter range of 3 to 4.5mm [14]. 

 

 3.2 Ecostruder testing 

Following granulation, tests were performed to investigate the feasibility of extrusion into 
usable 3D printer filaments using the Ecostruder system. The Ecostruder system, unlike other 
commercially available benchtop extruder devices utilises three independent band heaters to allow 
for greater thermal control of the melt extrusion process and to allow processing of polymers beyond 
just ABS. The location of the heaters in the system can be seen in Figure 3b) and were essentially 
positioned at either extremity and in the centre of the extruder barrel. For this study, we only made 
use of the heaters at the barrel centre and the extrusion nozzle, which was found to be sufficient for 
processing ABS. Additionally, the use of fewer heater consumes less power, which is essential when 
considering ‘off grid’ functionality of the EcoPrinting system. In this study, heater two (centre of the 
barrel) was set to 185oC and Heater 1 (nozzle) was set to 205oC. Once the system had reached the 
desired set temperatures, the granulated material was loaded into the hopper and the motor was 
engaged to feed the granules into the barrel.  
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Figure 3: a) Photographs of the original e-Waste and the resulting ABS at various stages of granulation, b) A 
schematic of the Ecostruder system, highlighting the primary phase transition regions of the polymer within the 
extruder barrel and c) Data illustrating the change in the temperature response of heater 1 over time and the 
output from the filament diameter sensor. 
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Figure 3ci) shows data recorded from a temperature probe in contact with the band heater to 
provide insight into the stability of the band heater during the extrusion process. It can be seen that 
measured temperature oscillated by approximately 2oC below and 5oC above the desired set 
temperature. This yielded an average temperature over time of 201.8±2.86oC. Examining the data 
more closely, the response of the temperature appears to be periodic over a one-minute period and 
is a direct result of the PID programming. Ideally we would aim to reduce this error though 
reprogramming of the microcontroller and further PID tuning, but for the purposes of this initial trial 
this degree of accuracy was sufficient to allow for repeatable processing of the ABS material. Figure 
3cii) also shows data from the filament sensor output during the extrusion process. It can be seen that 
initially there is a relatively large deviation from the desired set diameter and the actual diameter of 
the filament. This reduces over the course of the initial 2 minutes of extrusion before the system 
begins to stabilise about the set point. When taking an average of the filament diameter, neglecting 
the initial period of instability, the diameter was found to be 1.76±0.1mm, which is comparable to the 
standard stated tolerances of commercially available filaments (1.75±0.05mm). As with the PID 
controller for stabilisation of the heater set temperatures, we believe greater system performance 
could be obtained by revision of the programming and tuning, and will be the subject of future 
revisions of the sensor system. Ultimately, the systems performance is considered acceptable for 
filament production and so the generated filaments were used for subsequent 3D printing tests. 

 

3.3 Nano grid  

3.3.1 Device Power Consumption Tests 

 Initially prior to system design it was necessary to determine the potential power 
requirements for the system relating to the peak power output, what voltage the nanogrid system 
would operate at and the desired charge and discharge capacity. To this end, preliminary power 
measurement were performed of the 3D printer and the Ecostruder systems. Measurements were 
performed using a bespoke live power reader system devised in house, which is placed in line with the 
power lead of the respective device and measures the continuous current and voltage. It is worth 
noting however that from in-house testing we found that there is a significant proportion of power 
that is lost in the conversion of the mains voltage to the voltage required for a device, in this instance 
240VAC to 24VDC, and so the recorded results are anticipated to be an over estimate of the actual 
power readings. We believe this should provide an additional safety factor to ensure the devised 
nanogrid system outperforms actual requirements. 

Figure 4 illustrates live power measurement from the Ecostruder and 3D printer systems. 
Results highlight periods of system warm up when respective heaters were transitioning to a given set 
point, before a period of sustained use, and in the case of the 3D printer, the period of cool down post 
printing. It was found that the Ecostruder system recorded an approximate peak power use of 297W 
and average continuous power usage of 175W, over initial warm up from 20oC to 205oC for heater 1 
and 185˚C from heater 2. Over the 40 minute extrusion test period, an average energy usage of 
approximately 117Wh was recorded. The printer system was measured to have a peak power use of 
188W and an average continuous power usage of 158W, over and initial warm up from 20oC to a set 
temperature of 230oC for the hotend and 100oC for the heater bed. Over a period of approximately 
21 minutes this gave an average energy usage of 55Wh.  
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Figure 4: Graphs illustrating the recorded power usage over time for a) the Ecostruder system and b) the 3D 
printer 

 

3.3.2 Nanogrid Power Generation 

Initial tests were performed using the nanogrid system to examine the charge generation 
efficiency of the system. At this stage, tests were only performed for a period of ninety minutes over 
two different days which were specifically chosen to examine the efficacy of the system to generate 
charge in optimal and sub optimal weather conditions. Test 1 was performed on a day when full cloud 
cover in the sky was observed, and would act as out sub optimal benchmark. Test 2 was performed 
on a day when on a day when little to no cloud cover in the sky was observed, and would act as out 
optimal benchmark.  

Figure 5ai) Illustrates data recorded from the power output of the solar panels. As anticipated, 
it can clearly be seen that there is a dramatic difference in the charge generation capacity on these 
two days. The average sustained power output was approximately 14W for test 1 and 210W for test 
2 respectively. Examining test 2 more closely, it can be seen that the energy generation was relatively 
consistent over the analysis period, with the exception of a slight drop in power generation at 
approximately 70 minutes. This drop was attributed to cloud cover that persisted for a 5 minute period 
and which lead to a drop in power production by up to 25-30%. By contrast examining test 1 we find 
that the power generation is significantly less that for test 2 by up to a factor of 10 decrease. The 
implications of this would be that there may arise occasions when the weather patterns may not be 
conducive with the ability of the nanogrid system to generate sufficient charge to sustain 
printer/extruder usage over extended periods of time. However equally, there may be occasions 
where an excess of charge is produced which may not be immediately required for use by the devices. 
Ultimately, further testing is required to build more of an accurate picture of how power generation 
may vary based on the target locations where the system may be used. However, a strategy to mitigate 
the risk of depleting all power resources may be to build larger banks of batteries beyond the current 
system to continually store excess charge in times on peak generation to supplement days when 
power generation is suboptimal. Such modifications will be considered in future designs of the nan-
grid system. 
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3.4 3D printing tests 

 The final element of the testing procedure was to determine the ability of the nanogrid system 
to operate in real working conditions. In this preliminary work, we aimed to focus on the operation of 
the 3D printer and so devised basic tests to establish the systems performance in real operating 
conditions. We had two primary objectives to test regarding AM. Firstly, to examine if we could 
operate the 3D printer in a simulated real scenario where the printer is operating ‘off grid’ exclusively 
using the nanogrid system. Secondly, to examine if the 3D printer could operate using the recycled 
electronic waste ABS to form complex structures such as pipe connectors which could function with 
similar performance to standard components.  

 

Figure 5: a) Graphs illustrating i) the variation in generated solar power of the nanogrid system over a 90-minute 
period on optimal and suboptimal test days and ii) the excess energy generated by the nanogrid when used 
during a live 3D printing test. b) Images of the pipe connector end cap design and the 3D printed part using e-
waste. For comparison the 3D printed part is placed alongside a commercially available pipe connector end cap. 

   

 To test the printing performance in a real scenario we took the nanogrid and 3D printers 
outside to a location where there was clear exposure to the sun and set the system up to print three 
generic parts, comprising a 20x20x20mm cube, a 30mm diameter and 30mm height cylinder and a 
lattice structure with a cube of 30x30x30mm. The part geometries were arbitrarily selected from 
existing libraries of test structure we have in-house when optimising test prints and were primarily 
selected due to their relatively small size allowing for printing to be completed over a relatively short 
period of time, with the test being completed in approximately 90 minutes. The nanogrid batteries 
were initially in a state of partial depletion such that there was capacity to place additional charge in 
the system should the weather conditions be conducive. Figure 5aii) illustrates data representing a 
subtraction of the charge used by the printer against the charge generated by the solar panels, with 
times when the printer was in a state of idle being represented in the shaded regions. It was found 
that during the course of the test the system was capable of not only adequately powering the 3D 
printer system but produced an excess of energy, totalling approximately 204 Wh.  This would 
potentially have been sufficient to power the Ecostruder for a period of just under 1 hour, or an 
identical secondary printer alongside the existing printer for a period of approximately 80 minutes. If 
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we assume the same environmental conditions over a typical day of operation, which would comprise 
running the 3D printer for 8 hours and the Ecostruder for 2 hours, the generated excess energy would 
accommodate this usage whilst also charging the battery system by an additional 25Ah. Indeed, it is 
premature to assume that the average daily variations would contribute this level of energy 
generation and so further tests are required to examine daily, weekly and seasonal variations to gain 
a greater understanding of the systems potential. However, the results clearly demonstrate the 
feasibility of the system for use as an ‘off grid’ means of manufacturing and filament generation.  

 Finally, tests were performed to examine the print quality of the recycled ABS material. Figure 
5b) illustrates a pipe connector that was designed and manufactured using the recycled material. 
Designs for the pipe connector were made using Inventor software (Autodesk, USA), which mirrored 
the design of a standard pipe connector end cap. Modification were made to the design to ensure that 
it could be printed using the FFF process without the necessity for support material. Once the design 
had been finalised, it was printed using the recycled ABS. It was found there were minor surface 
defects but beyond cosmetic issues the part was relatively robust. To test the device, we constructed 
a centre join section from commercially available ABS plastic and used the part to join a section of 
piping. On the same test structure, we implemented a standard pipe connector end cap (Figure 5b) 
and superficially tested the part by blocking the end of one piece of tubing, pressurising the system 
using a plumbing pressure testing device. It was found that the part held the water with no leakage 
issues up to a pressure of 5Bar, where at which point the blocking cap succumbed to the pressure in 
the system. In the future we hope to refine our set up to examine the final failure pressure of the 
device. Despite this, these preliminary results reveal there is much potential for the use of recycled 
ABS plastic to not only be used in cosmetic FFF 3D printing applications but also as functional items. 

 

4 Conclusion 

 This study has conclusively demonstrated the Ecoprinting principal, whereby we realise a low 
carbon footprint means of recycling consumer waste using 3D printing technology. We have 
demonstrated that electronic waste can readily be processed using a relatively simplistic process into 
3D printer filaments, which can then be used to manufacture mechanically robust parts, such as pipe 
connectors. The Ecostruder system has demonstrated not only the capacity to convert e-Waste into 
3D printer filaments, but can do so with minimally refined source material to generate filaments close 
to the tolerances of commercial products. We have also demonstrated the potential of the nanogrid 
to not only power the 3D printing equipment in real time, but to generate excess energy to charge the 
systems batteries. We believe with the use of the battery storage system; we can sufficiently 
supplement the charge generation capacity of the system to allow for indefinite use of the system 
within reasonable daily usage timescales. However, we have found that the energy generation 
capacity of the nanogrid system shows considerable fluctuation on a day to day basis. Therefore, 
further testing of the system is required to better understand energy generation variances over 
different operational conditions. Finally, we have successfully tested the ability to 3D print parts with 
the generated waste plastic filament in ‘off grid’ circumstances. We therefore believe that the 
EcoPrinting system holds considerable promise as a tool for manufacturing with waste plastics in 
remote, ‘off grid’ settings, such as those experienced in low-socioeconomics environments as on the 
Solomon Islands. We hope in future studies to test the principal in actual field tests to better assess 
the potential of the system as a tool for humanitarian aid. 

 

90



Acknowledgements 

We would like to thank both the Deakin University School of Engineering and Centre for 
Humanitarian Leadership, alongside Plan International for their support and funding for the project. 
We would like to thank the English Foundation and members of the general public, who provided 
much needed financial support to the project following crowd funding efforts on the Start Some Good 
3DWASH campaign. We would finally like to thank James Lamont and Michael Shanahan for their 
valuable technical support in the project. 

 

References 

[1] R. A. Malloy, Plastic part design for injection molding: Hanser Publishers New York, 1994. 
[2] M. I. Mohammed, M. N. H. Z. Alam, A. Kouzani, and I. Gibson, "Fabrication of microfluidic 

devices: improvement of surface quality of CO2 laser machined poly (methylmethacrylate) 
polymer," Journal of Micromechanics and Microengineering, vol. 27, p. 015021, 2016. 

[3] M. I. Mohammed and I. Gibson, "Design of Three-Dimensional, Triply Periodic Unit Cell 
Scaffold Structures for Additive Manufacturing," Journal of Mechanical Design, vol. 140, pp. 
071701-071701-10, 2018. 

[4] M. A. Kreiger, M. L. Mulder, A. G. Glover, and J. M. Pearce, "Life cycle analysis of distributed 
recycling of post-consumer high density polyethylene for 3-D printing filament," Journal of 
Cleaner Production, vol. 70, pp. 90-96, 2014/05/01/ 2014. 

[5] J. Hopewell, R. Dvorak, and E. Kosior, "Plastics recycling: challenges and opportunities," 
Philosophical Transactions of the Royal Society B: Biological Sciences, vol. 364, pp. 2115-
2126, 2009. 

[6] A. M. Ragossnig and D. R. Schneider, "What is the right level of recycling of plastic waste?," 
Waste Management & Research, vol. 35, pp. 129-131, 2017/02/01 2017. 

[7] I. Gibson, D. Rosen, and B. Stucker, Additive manufacturing technologies: 3D printing, rapid 
prototyping, and direct digital manufacturing, 2 ed.: Springer-Verlag New York, 2015. 

[8] S. M. Wagner and R. O. Walton, "Additive manufacturing’s impact and future in the aviation 
industry," Production Planning & Control, vol. 27, pp. 1124-1130, 2016/10/02 2016. 

[9] D. Mitsouras, P. Liacouras, A. Imanzadeh, A. A. Giannopoulos, T. Cai, K. K. Kumamaru, et al., 
"Medical 3D printing for the radiologist," Radiographics, vol. 35, pp. 1965-1988, 2015. 

[10] M. I. Mohammed, M. G. Ridgway, and I. Gibson, "Development of virtual surgical planning 
models and a patient specific surgical resection guide for treatment of a distal radius 
osteosarcoma using medical 3D modelling and additive manufacturing processes," 
presented at the Proceedings of the 28th Solid Freeform Fabrication Symposium, Austin, TX, 
2017. 

[11] W. E. Frazier, "Metal Additive Manufacturing: A Review," Journal of Materials Engineering 
and Performance, vol. 23, pp. 1917-1928, 2014/06/01 2014. 

[12] M. I. Mohammed, A. P. Fitzpatrick, and I. Gibson, "Customised design of a patient specific 3D 
printed whole mandible implant," KnE Engineering, vol. 2, pp. 104-111, 2017. 

[13] J. Jang, H.-J. Park, S.-W. Kim, H. Kim, J. Y. Park, S. J. Na, et al., "3D printed complex tissue 
construct using stem cell-laden decellularized extracellular matrix bioinks for cardiac repair," 
Biomaterials, vol. 112, pp. 264-274, 2017/01/01/ 2017. 

[14] M. I. Mohammed, A. Das, E. Gomez-Kervin, D. Wilson, and I. Gibson, "EcoPrinting: 
Investigating the use of 100% recycled Acrylonitrile Butadiene Styrene (ABS) for Additive 
Manufacturing," in Proceedings of the 28th Annual International Solid Freeform Fabrication 
Symposium, 2017, pp. 532-542. 

91



[15] M. I. Mohammed, M. Mohan, A. Das, M. D. Johnson, P. S. Badwal, D. McLean, et al., "A low 
carbon footprint approach to the reconstitution of plastics into 3D-printer filament for 
enhanced waste reduction," KnE Engineering, vol. 2, pp. 234-241, 2017. 

[16] J. Gwamuri, D. Franco, K. Khan, L. Gauchia, and J. Pearce, "High-Efficiency Solar-Powered 3-D 
Printers for Sustainable Development," Machines, vol. 4, p. 3, 2016. 

[17] G. J. Listner and A. J. Sampson, "Single screw extruder," ed: Google Patents, 1970. 
[18] A. L. Woern, J. R. McCaslin, A. M. Pringle, and J. M. Pearce, "RepRapable Recyclebot: Open 

source 3-D printable extruder for converting plastic to 3-D printing filament," HardwareX, 
vol. 4, p. e00026, 2018/10/01/ 2018. 

 

92


	Welcome
	Title Page
	Preface
	Organizing Committee
	Papers to Journals
	Table of Contents
	Broader Impacts
	Using Additive Manufacturing as a Pathway to Change the Qualification Paradigm
	Technology Integration into Existing Companies
	Lattice Design Optimization: Crowdsourcing Ideas in the Classroom
	Education of Additive Manufacturing – An Attempt to Inspire Research
	Printing Orientation and How Implicit It Is
	Method for a Software-Based Design Check of Additively Manufactured Components
	The Recycling of E-Waste ABS Plastics by Melt Extrusion and 3D Printing Using Solar Powered Devices as a Transformative Tool for Humanitarian Aid

	Binder Jetting
	Evaluating the Surface Finish of A356-T6 Cast Parts from Additively Manufactured Sand Molds
	Economies of Complexity of 3D Printed Sand Molds for Casting
	Mitigating Distortion During Sintering of Binder Jet Printed Ceramics
	Binder Jetting of High Temperature and Thermally Conductive (Aluminum Nitride) Ceramic
	Binder Jetting Additive Manufacturing of Water-Atomized Iron

	Data Analytics in AM
	Effects of Thermal Camera Resolution on Feature Extraction in Selective Laser Melting
	Artificial Intelligence-Enhanced Multi-Material Form Measurement for Additive Materials
	Machine Learning for Modeling of Printing Speed in Continuous Projection Stereolithography
	Curvature-Based Segmentation of Powder Bed Point Clouds for In-Process Monitoring
	Nondestructive Micro-CT Inspection of Additive Parts: How to Beat the Bottlenecks
	Non-Destructive Characterization of Additively Manufactured Components Using X-Ray Micro-Computed Tomography
	Precision Enhancement of 3D Printing via In Situ Metrology
	Layer-Wise Profile Monitoring of Laser-Based Additive Manufacturing
	Correlative Beam Path and Pore Defect Space Analysis for Modulated Powder Bed Laser Fusion Process

	Hybrid AM
	Characterization of High-Deposition Polymer Extrusion in Hybrid Manufacturing
	Mechanical Properties Evaluation of Ti-6Al-4V Thin-Wall Structure Produced by a Hybrid Manufacturing Process
	Development of Pre-Repair Machining Strategies for Laser-Aided Metallic Component Remanufacturing
	Viscosity Control of Pseudoplastic Polymer Mixtures for Applications in Additive Manufacturing
	Curing Behavior of Thermosets for the Use in a Combined Selective Laser Sintering Process of Polymers
	Effect of Porosity on Electrical Insulation and Heat Dissipation of Fused Deposition Modeling Parts Containing Embedded Wire
	A New Digitally Driven Process for the Fabrication of Integrated Flex-Rigid Electronics
	Hybrid Manufacturing with FDM Technology for Enabling Power Electronics Component Fabrication
	Digitally-Driven Micro Surface Patterning by Hybrid Manufacturing
	Potentials and Challenges of Multi-Material Processing by Laser-Based Powder Bed Fusion
	A Digitally Driven Hybrid Manufacturing Process for the Flexible Production of Engineering Ceramic Components
	Stereolithography-Based Manufacturing of Molds for Directionally Solidified Castings
	Examination of the Connection between Selective Laser-Melted Components Made of 316L Steel Powder on Conventionally Fabricated Base Bodies
	Characterization and Analysis of Geometric Features for the Wire-Arc Additive Process

	Applications
	Geometry/Surface Finish
	Effect of Inter-Layer Cooling Time on Distortion and Mechanical Properties in Metal Additive Manufacturing
	Effect of Shield Gas on Surface Finish of Laser Powder Bed Produced Parts
	Material Characterization for Lightweight Thin Wall Structures Using Laser Powder Bed Fusion Additive Manufacturing
	Metal Additive Manufacturing in the Oil and Gas Industry
	Development of a Customized CPAP Mask Using Reverse Engineering and Additive Manufacturing

	Specific Parts
	Multimaterial Aerosol Jet Printing of Passive Circuit Elements
	Additive Manufacturing of Liners for Shaped Charges
	An Aerospace Integrated Component Application Based on Selective Laser Melting: Design, Fabrication and Fe Simulation
	Additive Manufacturing of Metal Bandpass Filters for Future Radar Receivers
	Fast Prediction of Thermal History in Large-Scale Parts Fabricated via a Laser Metal Deposition Process
	Design Guidelines for a Software-Supported Adaptation of Additively Manufactured Components with Regard to a Robust Production

	Large Scale Parts
	Increasing Interlaminar Strength in Large Scale Additive Manufacturing
	Using Post-Tensioning in Large Scale Additive Parts for Load Bearing Structures
	Precast Concrete Molds Fabricated with Big Area Additive Manufacturing
	3D Printed Fastener-Free Connections for Non-Structural and Structural Applications – An Exploratory Investigation
	Correlations of Interlayer Time with Distortion of Large Ti-6Al-4V Components in Laser Metal Deposition with Wire
	Model Development for Residual Stress Consideration in Design for Laser Metal 3D Printing of Maraging Steel 300
	Topology Optimisation of Additively Manufactured Lattice Beams for Three-Point Bending Test

	Residual Stress
	Morphable Components Topology Optimization for Additive Manufacturing
	Next-Generation Fibre-Reinforced Lightweight Structures for Additive Manufacturing

	Topology Optimization
	Topology Optimized Heat Transfer Using the Example of an Electronic Housing
	Microstructural and Mechanical Characterization of Ti6Al4V Cellular Struts Fabricated by Electron Beam Powder Bed Fusion Additive Manufacturing
	Effect of Wall Thickness and Build Quality on the Compressive Properties of 304L Thin-Walled Structure Fabricated by SLM
	Mechanical Behavior of Additively Manufactured 17-4 Ph Stainless Steel Schoen Gyroid Lattice Structure

	Lattices and Cellular
	An Investigation of the Fatigue Strength of Multiple Cellular Structures Fabricated by Electron Beam Powder Bed Fusion Additive Manufacturing Process
	On the Mechanical Behavior of Additively Manufactured Asymmetric Honeycombs
	Fabrication of Support-Less Engineered Lattice Structures via Jetting of Molten Aluminum Droplets
	Finite Element Modeling of Metal Lattice Using Commercial Fea Platforms
	A CAD-Based Workflow and Mechanical Characterization for Additive Manufacturing of Tailored Lattice Structures
	A Comparison of Modeling Methods for Predicting the Elastic-Plastic Response of Additively Manufactured Honeycomb Structures
	Numerical and Experimental Study of the Effect of Artificial Porosity in a Lattice Structure Manufactured by Laser Based Powder Bed Fusion
	Size and Topology Effects on Fracture Behavior of Cellular Structures
	Rheological, In Situ Printability and Cell Viability Analysis of Hydrogels for Muscle Tissue Regeneration
	Development of a Thermoplastic Biocomposite for 3D Printing
	Design Rules for Additively Manufactured Wrist Splints Created Using Design of Experiment Methods


	Biomedical Applications
	Design and Additive Manufacturing of a Patient Specific Polymer Thumb Splint Concept
	Mandibular Repositioning Appliance following Resection Crossing the Midline- A3D Printed Guide
	A Sustainable Additive Approach for the Achievement of Tunable Porosity
	Effects of Electric Field on Selective Laser Sintering of Yttria-Stabilized Zirconia Ceramic Powder
	Fabrication of Ceramic Parts Using a Digital Light Projection System and Tape Casting
	Slurry-Based Laser Sintering of Alumina Ceramics
	Material Properties of Ceramic Slurries for Applications in Additive Manufacturing Using Stereolithography

	Materials
	Ceramics
	Additive Manufacturing of Alumina Components by Extrusion of In-Situ UV-Cured Pastes
	Mechanical Challenges of 3D Printing Ceramics Using Digital Light Processing
	Effect of Laser Additive Manufacturing on Microstructure Evolution of Inoculated Zr₄₅ꓸ₁Cu₄₅ꓸ₅Al5Co₂ Bulk Metallic Glass Matrix Composites
	Fiber-Fed Printing of Free-Form Free-Standing Glass Structures
	Additive Manufacturing of Energetic Materials
	Methods of Depositing Anti-Reflective Coatings for Additively Manufactured Optics
	A Review on the Additive Manufacturing of Fiber Reinforced Polymer Matrix Composites

	Non-Traditional Non-Metals
	Design and Robotic Fabrication of 3D Printed Moulds for Composites
	Mechanical Property Correlation and Laser Parameter Development for the Selective Laser Sintering of Carbon Fiber Reinforced Polyetheretherketone
	4D Printing Method Based on the Composites with Embedded Continuous Fibers
	Fabricating Functionally Graded Materials by Ceramic On-Demand Extrusion with Dynamic Mixing

	Composites
	The Effect of Shear-Induced Fiber Alignment on Viscosity for 3D Printing of Reinforced Polymers
	Processing Short Fiber Reinforced Polymers in the Fused Deposition Modeling Process
	Impact Testing of 3D Printed Kevlar-Reinforced Onyx Material
	Deposition Controlled Magnetic Alignment in Iron-PLA Composites
	Effects of In-Situ Compaction and UV-Curing on the Performance of Glass Fiber-Reinforced Polymer Composite Cured Layer by Layer
	General Rules for Pre-Process Planning in Powder Bed Fusion System – A Review
	Development of an Engineering Diagram for Additively Manufactured Austenitic Stainless Steel Alloys
	Fatigue Life Prediction of Additively Manufactured Metallic Materials Using a Fracture Mechanics Approach
	Characterizing Interfacial Bonds in Hybrid Metal Am Structures

	Direct Write
	The Mechanical Behavior of AISI H13 Hot-Work Tool Steel Processed by Selective Laser Melting under Tensile Stress

	Broad Issues
	Additive Manufacturing of Metal Functionally Graded Materials: A Review
	Understanding Adopting Selective Laser Melting of Metallic Materials
	The Effect of Processing Parameter on Zirconium Modified Al-Cu-Mg Alloys Fabricated by Selective Laser Melting
	Selective Laser Melting of Al6061 Alloy: Processing, Microstructure, and Mechanical Properties
	Small-Scale Characterization of Additively Manufactured Aluminum Alloys through Depth-Sensing Indentation
	Effects of Process Parameters and Heat Treatment on the Microstructure and Mechanical Properties of Selective Laser Melted Inconel 718
	Effects of Design Parameters on Thermal History and Mechanical Behavior of Additively Manufactured 17-4 PH Stainless Steel

	Aluminum
	The Effects of Powder Recycling on the Mechanical Properties of Additively Manufactured 17-4 PH Stainless Steel
	Mechanical Properties of 17-4 Ph Stainless Steel Additively Manufactured Under Ar and N₂ Shielding Gas
	Recyclability of 304L Stainless Steel in the Selective Laser Melting Process
	The Influence of Build Parameters on the Compressive Properties of Selective Laser Melted 304L Stainless Steel

	Nickel
	Characterization of Impact Toughness of 304L Stainless Steel Fabricated through Laser Powder Bed Fusion Process

	17-4PH Stainless Steel
	Incorporation of Automated Ball Indentation Methodology for Studying Powder Bed Fabricated 304L Stainless Steel
	Effect of Powder Degradation on the Fatigue Behavior of Additively Manufactured As-Built Ti-6Al-4V
	Volume Effects on the Fatigue Behavior of Additively Manufactured Ti-6Al-4V Parts

	304 Stainless Steel
	Effects of Layer Orientation on the Multiaxial Fatigue Behavior of Additively Manufactured Ti-6Al-4V
	Ambient-Temperature Indentation Creep of an Additively Manufactured Ti-6Al-4V Alloy
	Individual and Coupled Contributions of Laser Power and Scanning Speed towards Process-Induced Porosity in Selective Laser Melting
	A Comparison of Stress Corrosion Cracking Susceptibility in Additively-Manufactured and Wrought Materials for
Aerospace and Biomedical Applications

	316L Stainless Steel
	Effect of Energy Density on the Consolidation Mechanism and Microstructural Evolution of Laser Cladded Functionally-Graded Composite Ti-Al System

	Titanium
	Mechanical Properties of Zr-Based Bulk Metallic Glass Parts Fabricated by Laser-Foil-Printing Additive Manufacturing
	Experimental Characterization of Direct Metal Deposited Cobalt-Based Alloy on Tool Steel for Component Repair
	PEEK High Performance Fused Deposition Modeling Manufacturing with Laser In-Situ Heat Treatment
	A Comparative Investigation of Sintering Methods for Polymer 3D Printing Using Selective Separation Shaping (SSS)
	Not Just Nylon... Improving the Range of Materials for High Speed Sintering
	Material Property Changes in Custom-Designed Digital Composite Structures Due to Voxel Size
	Quantifying the Effect of Embedded Component Orientation on Flexural Properties in Additively Manufactured Structures

	Non-Traditional Metals
	Influences of Printing Parameters on Semi-Crystalline Microstructure of Fused Filament Fabrication Polyvinylidene Fluoride (PVDF) Components
	Effects of Build Parameters on the Mechanical and Di-Electrical Properties of AM Parts

	Novel Polymers
	Laser Sintering of PA12/PA4,6 Polymer Composites
	Understanding Hatch-Dependent Part Properties in SLS
	Investigation into the Crystalline Structure and Sub-Tₚₘ Exotherm of Selective Laser Sintered Polyamide 6
	The Influence of Contour Scanning Parameters and Strategy on Selective Laser Sintering PA613 Build Part Properties
	Processing of High Performance Fluoropolymers by Laser Sintering

	Polymers for Material Extrusion
	Reinforcement Learning for Generating Toolpaths in Additive Manufacturing
	Control System Framework for Using G-Code-Based 3D Printing Paths on a Multi-Degree of Freedom Robotic Arm
	Analysis of Build Direction in Deposition-Based Additive Manufacturing of Overhang Structures

	Polymers for Powder Bed Fusion
	Topology-Aware Routing of Electric Wires in FDM-Printed Objects
	Using Autoencoded Voxel Patterns to Predict Part Mass, Required Support Material, and Build Time
	Continuous Property Gradation for Multi-Material 3D-Printed Objects
	Convection Heat Transfer Coefficients for Laser Powder Bed Fusion
	Local Thermal Conductivity Mapping of Selective Laser Melted 316L Stainless Steel


	Modeling
	Finite Element Modeling of the Selective Laser Melting Process for Ti-6Al-4V
	Modelling the Melt Pool of the Laser Sintered Ti6Al4V Layers with Goldak’S Double-Ellipsoidal Heat Source
	A Novel Microstructure Simulation Model for Direct Energy Deposition Process
	Influence of Grain Size and Shape on Mechanical Properties of Metal Am Materials
	Experimental Calibration of Nanoparticle Sintering Simulation
	Solidification Simulation of Direct Energy Deposition Process by Multi-Phase Field Method Coupled with Thermal Analysis

	Physical Modeling
	Thermal Modeling Power Beds
	Establishing Property-Performance Relationships through Efficient Thermal Simulation of the Laser-Powder Bed Fusion Process
	An Investigation into Metallic Powder Thermal Conductivity in Laser Powder-Bed Fusion Additive Manufacturing
	Simulation of the Thermal Behavior and Analysis of Solidification Process during Selective Laser Melting of Alumina
	Low Cost Numerical Modeling of Material Jetting-Based Additive Manufacturing
	Screw Swirling Effects on Fiber Orientation Distribution in Large-Scale Polymer Composite Additive Manufacturing

	Multi/Micro-Scale Modeling
	Numerical Prediction of the Porosity of Parts Fabricated with Fused Deposition Modeling
	Numerical Modeling of the Material Deposition and Contouring Precision in Fused Deposition Modeling
	Effect of Environmental Variables on Ti-64 Am Simulation Results

	Advanced Thermal Modeling
	Non-Equilibrium Phase Field Model Using Thermodynamics Data Estimated by Machine Learning for Additive Manufacturing Solidification
	Multi-Physics Modeling of Single Track Scanning in Selective Laser Melting: Powder Compaction Effect
	Towards an Open-Source, Preprocessing Framework for Simulating Material Deposition for a Directed Energy Deposition Process
	Quantifying Uncertainty in Laser Powder Bed Fusion Additive Manufacturing Models and Simulations

	Modeling Part Performance
	Optimization of Inert Gas Flow inside Laser Powder-Bed Fusion Chamber with Computational Fluid Dynamics
	An Improved Vat Photopolymerization Cure Model Demonstrates Photobleaching Effects
	Nonlinear and Linearized Gray Box Models of Direct-Write Printing Dynamics
	Insights into Powder Flow Characterization Methods for Directed Energy Distribution Additive Manufacturing Systems
	Effect of Spray-Based Printing Parameters on Cementitious Material Distribution

	Modeling Innovations
	Aligning Material Extrusion Direction with Mechanical Stress via 5-Axis Tool Paths
	Fieldable Platform for Large-Scale Deposition of Concrete Structures
	Microextrusion Based 3D Printing–A Review

	Improvements
	Theory and Methodology for High-Performance Material-Extrusion Additive Manufacturing under the Guidance of Force-Flow
	Knowledge-Based Material Production in the Additive Manufacturing Lifecycle of Fused Deposition Modeling
	Acoustic Emission Technique for Online Detection of Fusion Defects for Single Tracks during Metal Laser Powder Bed Fusion
	Development of an Acoustic Process Monitoring System for the Selective Laser Melting (SLM)


	Process Development
	Deposition
	Low Cost, High Speed Stereovision for Spatter Tracking in Laser Powder Bed Fusion
	Multiple Collaborative Printing Heads in FDM: The Issues in Process Planning
	Additive Manufacturing with Modular Support Structures
	Pick and Place Robotic Actuator for Big Area Additive Manufacturing

	Extrusion
	3D Printed Electronics
	Fiber Traction Printing--A Novel Additive Manufacturing Process of Continuous Fiber Reinforced Metal Matrix Composite
	Immiscible-Interface Assisted Direct Metal Drawing

	Imaging
	In-Situ Optical Emission Spectroscopy during SLM of 304L Stainless Steel
	Tool-Path Generation for Hybrid Additive Manufacturing
	Structural Health Monitoring of 3D Printed Structures
	Mechanical Properties of Additively Manufactured Polymer Samples Using a Piezo Controlled Injection Molding Unit and Fused Filament Fabrication Compared with a Conventional Injection Molding Process
	Use of SWIR Imaging to Monitor Layer-To-Layer Part Quality During SLM of 304L Stainless Steel

	Novel Methods
	DMP Monitoring as a Process Optimization Tool for Direct Metal Printing (DMP) of Ti-6Al-4V
	Effects of Identical Parts on a Common Build Plate on the Modal Analysis of SLM Created Metal
	On the Influence of Thermal Lensing During Selective Laser Melting
	Development of Novel High Temperature Laser Powder Bed Fusion System for the Processing of Crack-Susceptible Alloys
	Towards High Build Rates: Combining Different Layer Thicknesses within One Part in Selective Laser Melting
	Laser Heated Electron Beam Gun Optimization to Improve Additive Manufacturing
	Two-Dimensional Characterization of Window Contamination in Selective Laser Sintering
	Laser Metal Additive Manufacturing on Graphite

	Non-Metal Powder Bed Fusion
	Predictive Iterative Learning Control with Data-Driven Model for Optimal Laser Power in Selective Laser Sintering
	Realtime Control-Oriented Modeling and Disturbance Parameterization for Smart and Reliable Powder Bed Fusion Additive Manufacturing
	Microwave Assisted Selective Laser Melting of Technical Ceramics
	Research on Relationship between Depth of Fusion and Process Parameters in Low-Temperature Laser Sintering Process
	Frequency Response Inspection of Additively Manufactured Parts for Defect Identification
	Nanoparticle Bed Deposition by Slot Die Coating for Microscale Selective Laser Sintering Applications

	Spinning/Pinning/Stereolithography
	Fabrication of Aligned Nanofibers along Z-Axis – A Novel 3D Electrospinning Technique
	Z-Pinning Approach for Reducing Mechanical Anisotropy of 3D Printed Parts
	Structurally Intelligent 3D Layer Generation for Active-Z Printing
	microCLIP Ceramic High-Resolution Fabrication and Dimensional Accuracy Requirements



	Attendees
	Author Index
	Print
	Search



