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Abstract: In a sustainable model’s energy and material resources are restricted. Therefore, electronic 
scrap (E-scrap) encompasses a broad and growing range of electronic devices ranging from large 
household appliances such as refrigerators, air conditioners, hand-held cellular phones, personal stereos, 
and consumer electronics to computers. The reuse of E-scrap is mainly limited in the separation of 
valuable materials, but there is another opportunity in using the e-scrap robots by combining them with 
renewable energy sources, and this way to build self-sustainable robots, which are cost effective and 

building them can be very functional for different universal needs.  

Self-sustainable robot (SSR) from e-scrap using renewable energy, has a solar panel to power it and to 
make him self-sustainable, it enables the robot to move through campus grounds and search for best 
angle to sunbathe and this way to collect energy. It can be used in different ways form greeting, giving 

out flyers, as an information robot to give information on ongoing conferences agenda, workshops etc. 

SSR, will provide a very good learning experience and show that robotics and renewable energy can go 
hand in hand and serve as a gateway to start getting SSR from e-scrap.  

Keywords: Electronic Scrap (E-scrap), Robot, Reuse Materials, Control, Renewable Energy, Solar 

Panels, University. 

 

1. INTRODUCTION 

Building a robot, it always means a lot of expenses and this is 
the starting point of the majority. 
Robots are not different from any machine or from any 
computing device. Building robots need sustainable solutions 
similar to those for other products. Also necessary is to take 
into consideration a life-cycle context that takes into account 
the costs of producing, maintaining and disposing of the 
robots. 
But another point of view is that massive production of 
robots and their involvement in everyday life has an impact 
also in electricity consumption.  
Currently the initial investment in an industrial robot is 
recovered in 2 years. After that, the hourly cost of an 
industrial robot is essentially the cost of the energy 
consumed, typically 0.3US$ per hour, leading to an annual 
cost about 50 time smaller than that of a manual labourer in 
developed countries (R.Potter, 2004). Thus, it makes 
economic sense to make use of robots in production and other 
uses. This will stay true for many years to come, even with 
rising energy prices. 
Many modern products require the high precision of robots, 
e.g. the assembly of small components in mobile phones, 
which cannot be adequately achieved by human assemblers.  

An industrial robot typically consumes 150KWh per day, 
compared to 56KWh per household in Europe and 14KWh in 
Asia. The UK, for instance, has around 50 robots per 10,000 
inhabitants and the fraction of total energy consumed by 
robots is very small. However, robots use electricity. This 
form of  
energy constitutes 25% of the energy used by UK 
households, but only 5% of household energy use in India, 
and much less in Africa (Chipman, 1999). Based on these 
calculations converting them to developing countries, in these 
places, energy consumed by robots in their current form 
cannot be neglected.  
Therefore, our proposal in this paper is taking into 
consideration that during building of robots from scrap to 
include a renewable sources of energy such as a solar panel 
and this way make them even more cost oriented. 
Another important fact is that in the last three decades, the 
global growth in electrical and electronic equipment 
production and consumption has been exponential.  
The reuse of e-scrap as it is described in this paper it is 
example how we can start from individual levels to 
participate on creating a new strategy on treating of e-scrap. 
But, if we take into consideration that electrical and 
electronic scrap (e-scrap) is currently the largest growing 
waste stream, unsafe, complex and expensive to treat. 
It is clear that the future of e-scrap management depends not 
only on the efficiency of local government authorities 
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computing device. Building robots need sustainable solutions 
similar to those for other products. Also necessary is to take 
into consideration a life-cycle context that takes into account 
the costs of producing, maintaining and disposing of the 
robots. 
But another point of view is that massive production of 
robots and their involvement in everyday life has an impact 
also in electricity consumption.  
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consideration that during building of robots from scrap to 
include a renewable sources of energy such as a solar panel 
and this way make them even more cost oriented. 
Another important fact is that in the last three decades, the 
global growth in electrical and electronic equipment 
production and consumption has been exponential.  
The reuse of e-scrap as it is described in this paper it is 
example how we can start from individual levels to 
participate on creating a new strategy on treating of e-scrap. 
But, if we take into consideration that electrical and 
electronic scrap (e-scrap) is currently the largest growing 
waste stream, unsafe, complex and expensive to treat. 
It is clear that the future of e-scrap management depends not 
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working with the operators of recycling services but also on 
individual participation, community participation, together 
with national, regional and global initiatives.  
Today, electrical and electronic waste (hereafter referred to as 
e-waste) is the fastest growing waste stream (about 4 per cent 
growth a year). About 40 million tonnes of e-waste is created 
each year (M.Schluep, 2009)  
E-scrap comprises electrical appliances, in general, large 
household appliances represent the largest proportion (about 
50 per cent) of e-scrap, followed by information and 
communications technology equipment (about 30 per cent) 
and consumer electronics (about 10 per cent).  
The urgency of the problem is evident: worldwide, in the 
decade between 1994 and 2003, about 500 million personal 
computers containing approximately 718,000 tonnes of lead, 
1,363 tonnes of cadmium and 287 tonnes of mercury, reached 
their end-of-life (Smith T. Sonnenfeld, 2006).  
The reuse of E-scrap is mainly limited in the separation of 

valuable materials, but there is another opportunity in using 

the E-scrap, to build robots, which are cost effective and 

building them can be can be very functional for different 

universal needs such as in a University. 

The reuse of e-scrap as it is described in this paper it is 
example how we can start from individual levels to 
participate on creating a new strategy on treating of e-scrap.  
In other hand our proposal in this paper is also to take into 
consideration that during a building of robots from scrap to 
include a renewable souse such as a solar panel and this way 
make them even more cost oriented. 
This paper describes the application of EoL and application 
of the cost-oriented automation by presenting projects based 
on building a useful Self-sustainable robot from e-scrap using 
renewable energy which have used low-cost solutions to 
achieve potentially excellent results.  

 

2. STATE OF THE ART 

This paper is focus on reuse of E-scrap by building robots 
that serve us in everyday life. To be realistic it is inevitable 
the analysis of cost-oriented automation and Eol. 
The reuse of e-scrap as it is described in this paper it is 
example how we can start from individual levels to 
participate on creating a new strategy on treating of e-scrap. 
But not only robot from scrap but generally building of 
robots and their involvement in everyday life has an impact 
also in electricity consumption.  
Therefor big difference could be make if it is taken into 
consideration that during a building of robots from scrap to 
include a renewable source such as a solar panel and this way 
make them even more cost oriented. 
Institutions of higher education play an important role by 
modelling this behavior – creating multi-national research 
and teaching teams focused on innovation and problem 
solving. An initial step toward building and sharing 
knowledge for sustainable robotics development and 
application should be the development of a Community of 
Practice (COP) (Fig. 1). Communities of Practice are an 
effective instrument to encourage south-south and south-
south-north collaboration around key curriculum and 
education policy & development topics (Acedo, 2011). 

South-south collaboration includes for instance sharing 
expertise on secondary education in the Middle East and 
North Africa (UNICEF workshop in Jordan).  

 

Fig.1. Community of Practice Learning Cycle (Wenger E, 
2002) 

A Community of Practice is comprised of members ‘who 

share a concern, a set of problems, or a passion about a topic, 
and who deepen their knowledge and expertise in this area by 
interacting on an ongoing basis’ (Wenger E, 2002). This 
inclusive space would provide the multiple stakeholders 
(policy-makers, practitioners, educators) a valuable 
instrument for sharing and building knowledge about 
opportunities, successes, and barriers.  UNESCO’s 

International Bureau of Education describes the purpose of 
these knowledge sharing and laboratories as, ‘an open and 

plural space, the COP facilitates opportunities to share 
visions, approaches, experiences, innovative practices, 
research results and analytical studies. It also offers concrete 
possibilities for jointly undertaking programmes and   
projects   for institutional capacity building (Acedo, 2011).  
Communities of Practice can play an instrumental role in the 
transformation of learning practices from individual 
institutions to networked learning communities.  Successful 
collaboration focuses on deepening knowledge, applying 
innovative solutions, and providing access to resources and 
peer-to-peer mentoring.  Institutions of higher education play 
an important role by modelling this behavior – creating multi-
national research and teaching teams focused on innovation 
and problem solving. 
 
It is unavoidable to mention that Reduce, Reuse and Recycle 
are three basic strategies in End-of-Life Management (the “3-
R” possibilities) (UNEP, 2008). Additionally, “Recover” can 

be added to enhance the method to a “4-R” theory: Reduce, 

Reuse, Recycle and Recover.  
Recover describes the energy recovery from the waste 
stream. As the fifth and last option, the strategy landfill is 
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mentioned. This is not an EoL option in the narrow sense, but 
it is still very important in waste treatment nowadays (Fig.2).  
On the top of the pyramid are the most preferable strategies, 
while the least preferred options are located on the basis of 
the pyramid.  (UNEP, 2008) 

 

 

Fig. 2. End-of-Life pyramid (UNEP, 2008) 

Low cost humanoid soccer robots called Robo-Erectus, 

which has been developed in Center for Advanced Robotics 

and Intelligent Control at Singapore Polytechnic, is designed 

using low-torque servo motors and low-precision mechanical 

structures so the cost is significantly reduced, is another 

example of practice of Cost oriented automation and EoL.  

(Zhou, 2004) 

 

Piano Robot Arm-UBT (PROAUBT) Electronic-Mechanical 

scrap has been used as a raw material for this project. Fingers 

are made from old aluminium TV antenna, pulled by 

solenoids taken off from used door bells. Solenoids were 

placed in the modified metal construction taken off from old 

PC chassis. Building of such low-cost robots definitely 

presented new approach for Reuse (Kopacek, 2013). The 

total cost of the project is listed in Table 1. 

Table 1 Project costs (Kopacek, 2013) 

 
 

EcoBot-III: a robot with guts, robot with onboard fluid 

circulation, capable of collecting its energy from the 

environment and getting rid of its own waste (Fig. 3). Also, 

because of the scarcity of onboard energy, the team was 

required to develop ultra-low power electronic circuitry to 

operate the robot (Ieropoulos, 2010) 

 

  

Fig. 3. EcoBot-III in its final state and in the EcoWorld.  
(Ieropoulos, 2010) 

3. INTRODUCTION OF SCRAPINO 

One of the biggest challenges by building a robot from e-
scrap is to find a balance between science, entertainment, 
education, cost and global aid in reuse of e-scrap. 
Building a robot, it always means a lot of expenses and 
another point of view is that massive production of robots 
and their involvement in everyday life has an impact also in 
electricity consumption.  
Therefore, it is important that during the construction of 
robots, should be consider that many of them may have 
alternative energy source with the help of renewable energy 
such as Scrapino robot that has photovoltaic panels (PV). 
Scrapino is one of the members of robots family based in the 
concept of building robots from e-scrap. 
Scrapino, has a PV panel to power it and to make him self-
sustainable, it enables the robot to move through campus 
grounds and search for best angle to sunbathe and this way to 
collect energy. After collecting energy over 50%, and in case 
of University needs, Scrapino can perform different functions 
such as: greeting, giving out flyers, as an information robot to 
give information on ongoing conference agenda, workshops 
etc. 
Scarpino has mobility and is able to move through certain 
spaces in university using DC motors, to identify obstacles 
ultrasonic sensors are used, to detect light LDR sensors are 
used. 
Electrical and electronic scrap (e-scrap) has been used as a 
raw material for this project. Components of robots are: 
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3 Wheels, 2 Encoders, 1 Arduino, 3 Sensors (Light 
Dependant Resistors), 1 Sonar sensor, 2 Servo motors, 1 
Micro controller 3 Comparator, 1 Solar panel, 1 battery, 1 
invertor, 1 Power source, 2 Buttons  
 
The robot uses an integrated system of components to 
achieve its objective. (Fig. 4) 
 
 

 
 

Fig. 4. Block Diagram shown in the figure are the various 
components of the robot, with arrows indicating the direction 

of information flow between components. 

4. COMPONENTS OF SCRAPINO 

Descriptions of how each component functions within the 
system are given below: 

 

3 Wheels- are used from old scanner machines and 
chairs and helps robot to move in certain areas.  

2 Encoders- are used from old printing machines 
which indicates the current position of the shaft. The 
output provides information about the motion of the 
shaft, which is typically further processed elsewhere 
into information such as speed, distance and position 
of robot. 

1 Arduino- is a microcontroller board based on the 
ATmega328P. It has 14 digital input/output pins (of 
which 6 can be used as PWM outputs), 6 analog 
inputs, a 16 MHz quartz crystal, a USB connection, 
a power jack, an ICSP header and a reset button. It 
contains everything needed to support the 
microcontroller; simply connect it to a computer 
with a USB cable or power it with a AC-to-DC 
adapter or battery to get started. 

 
3 Sensors (Light Dependent Resistors) - is a 
component that has a (variable) resistance that 
changes with the light intensity that falls upon it. 

This allows them to be used in light sensing circuits 
as it is foreseen to be done by this robot. 

 

1 Sonar sensor are used from older robot in 
Mechatronic laboratory (Robot Tom and Jerry) they 
are used to detect objects with three Maxbotix LV-
EZ1 ultrasonic range finders. The sensors 
communicate data through the A/D ports of the 
microcontroller, which reads a voltage proportional 
to the distance measured from each sensor 

 
2 Servo Motors are used from old toys.   
 
1 Microcontroller is used from old scanner to 
controls the robot. The board receives sensor data 
and outputs pulse-width modulated (PWM) signals 
to drive the motors appropriately.  
1-Solar Panel- Ideal for creating reliable solar power 
supplies for numerous hobby and personal 
electronics charging projects. Total power output: 
1W, Typical output voltage: 6V ~5%, typical output 
current: 167mA ~5%, 7.87" (20cm) output cable 
with stripped tinned leads, 4.33 x 3.15 x 0.125" (110 
x 80 x 3.2mm) overall size 
1 Battery-9V 
1 Invertor 
1 Power source, power supply of old PC 
2 Buttons  

 

5. FUNCTIONING OF SCRAPINO 

Self-sustainable robot from e-scrap using renewable energy 
(Scrapino), basic behavior is obstacle detection and 
avoidance, light detection. The obstacle avoidance is made 
possible by its range finding sonar sensor and charging a 
battery by using a solar panel which make it possible for 
robot to finish another function. When the sensor detects a 
close object, the microcontroller commands the motors to 
change speed so that the robot turns away from the obstacle 
and continues on its path. It enables the robot to move 
through campus grounds and search for best angle to 
sunbathe and this way to collect energy. So, the first path is 
to charge a battery and if a battery is charged at least 50 % 
After a set amount of time, robot will stop and spin in place, 
scanning the surrounding area for a sun and with solar panel 
to power it and to make him self-sustainable. After collecting 
energy over 50%, Scarapino go in second path which is one 
of robot’s function in case of University needs, such as: 
greeting, giving out flyers, as an information robot to give 
information on ongoing conferences agenda, workshops etc. 
Scarpino is able to move through certain university spaces 
using motion motors, to identify obstacles ultrasonic sensors 
are used, to detect lights in certain university spaces, light 
sensors and LDR sensors are used, to charge the batteries  
solar panels are used etc. 
 

Algorithm of the functioning of autonomous lights detecting 

and reporting robots from e-scrap (Fig. 5) 
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Fig. 5. Algorithm of the functioning of Self-sustainable robot 
from e-scrap using renewable energy (Scrapino) 

 

6. CONCLUSIONS 

One of the biggest challenges by building a robot from e-
scrap is to find a balance between science, entertainment, 
education, cost and global aid in reuse of e-scrap. 
Building a robot, it always means a lot of expenses in general 
meaning and another point of view is that massive production 
of robots and their involvement in everyday life has an 
impact also in electricity consumption.  
Therefore, it is important that during the construction of 
robots it should be consider that many of them have 
alternatives to produce energy with the help of renewable 
energy sources such as Scrapino robots. 
Electrical and electronic scrap (e-scrap) is currently the 
largest growing waste stream. The reuse of E-scrap is mainly 
limited in the separation of valuable materials. Another 
opportunity in using the E-scrap, to build robots, which are 
cost effective and building them can be very functional for 
different universal needs such as in a University. 
Self-sustainable robot from e-scrap using renewable energy 
(Scrapino), can detect: obstacle and avoid them with sonar 
senso. Another important function is that with a solar panel 
he can charge batteries which make it possible for self-
sustainability. So, the first path is to charge a battery by 
finding a best angle for sunbath and if a battery is charged at 
least 50 % Scarapino will go in second path which is one of 
robot’s function in this case University needs, such as: 

greeting, giving out flyers, as an information robot to give 
information on ongoing conferences agenda, workshops etc. 
The reuse of e-scrap and combing an old and new 

technologies as it is described in this paper it is example how 

we can start from individual levels to participate on creating a 

new strategy on treating of e-scrap and to take into 

consideration that massive production of robots and their 

involvement in everyday life has an impact also in electricity 

consumption therefore producing energy from renewable 

sources for robot’s need is on of solution presented in this 

paper. 
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