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MANAGEMENT FRAMEWORK FOR USED COOKING OIL

COLLECTION

André Sousa, José Faria, Ramiro Gongalves, Antonio Pereira and Jodo Barroso

SUMMARY

The production of waste pollutants has increased in recent
decades at an impressive rate. These pollutants pose a threat
to life on our planet, so it is increasingly important to process
them correctly. Fortunately, today it is possible to obtain profit
through the reuse and recycling of most of these residues, in
particular, of vegetable oil, which is especially interesting due

to the potential of transforming it into biodiesel. However, this
process does present some constraints, mainly related to the
operating costs associated with its collection. This paper pro-
poses a new platform that aims to simplify the bureaucracy of
the process and optimize the collection routes, thus maximizing
the potential profit to be obtained from this business.

Introduction

The production of waste
has been increasing in recent
decades (AWE Magazine,
2005). This waste usually re-
quires special treatment in
order to prevent the pollution
of the environment and avoid
a global catastrophe (UNEP/
GRID-Arendal, 2006; Baker

et al., s.d.). In 1995 each indi-
vidual produced an average of
460kg of waste. This value
increased to 520kg per person
in 2004 and is predicted to
rise to as much as 680kg per
person in 2020. This repre-
sents an increase of ~50%
within 25 years (EEA, 2008).

This increase of waste is
due, in most part, to the in-

crease in consumption, re-
sulting in a reduction in raw
materials. Today, however,
the recycling of solid waste
(paper, plastic, metal and
glass) is a reality because of
the investment that has been
made in the area, and espe-
cially due to the increase in
collection points exclusively
for this type of waste. How-

ever, the recycling of liquid
waste, excluding water treat-
ment that has been a reality
for a long time (European
Commission, 2000), is virtu-
ally non-existent.

The processing of used
cooking oil (UCO) is a sub-
ject that is frequently ig-
nored or overlooked, and
does not receive the attention
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PROCEDIMIENTO PARA RECOLECCION DE DESECHOS DE ACEITES COMESTIBLES USADOS
André Sousa, José Faria, Ramiro Gongalves, Antonio Pereira y Jodo Barroso

RESUMEN

La produccion de residuos contaminantes ha aumentado en
las ultimas décadas a un ritmo impresionante. Estos residuos
representan una amenaza para la vida en nuestro planeta; por
lo tanto, se hace mas importante darles un tratamiento apro-
piado. Hoy en dia es, afortunadamente, posible obtener ga-
nancias de la reutilizacion y el reciclado de la mayor parte de
estos residuos, en especial los aceites vegetales, que son parti-

cularmente interesantes debido a la posibilidad de su transfor-
macion en biodiesel. Sin embargo, este proceso presenta algu-
nas limitaciones, principalmente como resultado de los costos
de explotacion ligados a su recolecccion. En este trabajo se
propone una nueva plataforma que tiene por objeto simplificar
la burocracia del proceso y la optimizacion de rutas de reco-
leccion y asi maximizar el beneficio en este negocio.

PLATAFORMA PARA ECOLHA DE OLEOS VEGETAIS USADOS
André Sousa, José Faria, Ramiro Gongalves, Antonio Pereira e Jodo Barroso

RESUMO

A produgdo de residuos poluentes tem vindo a aumentar nas
ultimas décadas a um ritmo impressionante. Estes residuos re-
presentam uma ameaga para a vida no nosso planeta, pelo que,
se torna premente dar-lhes um tratamento proprio. Hoje feliz-
mente é possivel a obtengdo de lucro na reutilizagdo e recicla-
gem da maioria destes residuos, designadamente, os dleos vege-
tais usados, que sdo particularmente interessantes devido a pos-

sibilidade de transformagdo em biodiesel. No entanto este pro-
cesso apresenta alguns constrangimentos, resultantes sobretudo
dos custos operacionais associados a sua recolha. Neste artigo
propomos uma nova plataforma que tem como objetivo simplifi-
car a burocracia do processo e otimizar as rotas de recolha e
desta forma maximizar o lucro envolvido neste negocio.

it deserves. Often, UCO will
end up in the sewage system
due to ignorance of the
harmful environmental im-
pact, but mostly because
people just do not know
what to do with it. For con-
venience it is poured down
the sink. Some of the result-
ing problems of UCO ending
up in the sewage system are
pipe corrosion and the clog-
ging of the sewage treatment
plant filters, but the most
important consequence is the
contamination of massive
quantities of water that come
into contact with it due to
the difficulty of separating
these two fluids.
Fortunately, there is great
potential in the recycling of
UCO, which increases inter-
est in the collection process,
particularly for the produc-
tion of biodiesel. By recy-
cling UCO into biodiesel it is
possible to create a huge in-
come source and simultane-
ously reduce environmental
pollution and fossil fuel de-
pendence (Wang et al., 2006;
Zheng et al., 2006; Phan and
Phan, 2008). The use of bio-

diesel as a biofuel has al-
ready been foreseen in the
European Union energy poli-
cies, specifically in Directive
No. 2009/28/EC of European
Parliament and the Council
of 23 April.

The biggest challenge of
recycling this type of waste
is its collection, mainly due
to the high logistical costs.
For a company or a local
administrative unit that
wishes to make the collec-
tion it is extremely difficult
to do so through standard
waste collection methods.
Generally, either the contain-
ers are not full or have al-
ready reached the maximum
filling level, meaning that
the quantity would have
been greater had it been col-
lected earlier. This last prob-
lem causes further difficul-
ties if the containers are
public oil (UCO) containers
because they could overflow.
These kinds of situations
also happen in normal solid
waste collection and are also
very common, but in the
case of liquids and espe-
cially with UCO, these situ-
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ations need to be treated
more carefully.

This paper presents a
framework for building an
intelligent system that allows
the efficient and optimal col-
lection of UCO.

In the preceeding introduc-
tory section a rough outline
of the problem has been pro-
vided. In the next section the
context to the problem is pre-
sented along with a review of
the state of the art in the col-
lection process. In the fol-
lowing section the proposed
framework for the collection
system, with all the modules
of the system including soft-
ware and hardware is de-
scribed in detail. Thereafter
are described the results of a
test carried out together with
FiltaPorto, a Portuguese com-
pany with a great deal of
experience in the oil collec-
tion business. The paper con-
cludes with the current state
of the system and the future
work to be carried out, and
the changes needed based on
the results of the field test
are the subject of final ex-
amination.

Contextualization

Technological evolution
leads to an increase in the
consumption of energy sourc-
es. This increase, together
with the scarcity of fossil
fuels, results in an increase
in prices (Levy-Carciente et
al., 2004), and that creates an
imperative to discover new
solutions to counter this in-
flation (Bolivar et al., 2006).
Some of these solutions in-
clude the use of renewable
energy sources (solar, wind,
sea and rivers) or even nucle-
ar, but recently more solu-
tions based on the reutiliza-
tion of waste to produce al-
ternative energy sources,
such as biodiesel (Bula and
Cujia, 2008) have become vi-
able. These new forms of
energy source are considered
to be the next step in the use
of renewable energy as an
alternative (Laine, 2008).

Biodiesel production from
used cooking oil (UCO) is,
today, a commercial process
with numerous production
facilities across several coun-
tries. The biggest challenge
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in this industry is the collec-
tion, both in domestic and
industrial environments.

In Portugal the amount of
UCO waste production is es-
timated at between 43x10°
and 63x10’ton/year, of which
more than 60% is produced
by households and the re-
mainder produced by hotels
and restaurants (HORECA).
Given UCO’s potential for
recycling and the impossibil-
ity of storing it in landfill
sites, as the European Coun-
cil Directive 1999/31/CE of
April 26 1999 that regulates
waste depositing in landfill
sites forbids it, it was neces-
sary to regulate UCO collec-
tion. In Portugal, a regulation
was also published that
makes local administrative
units responsible for domestic
UCO collection (PEM, 2009),
since the collection at HO-
RECA was already compul-
sory by law and was previ-
ously being conducted by
dedicated companies.

Usually, the UCO collec-
tion process in restaurants is
based on statistical data gen-
erated from previous pickups
or, in special cases, when the
client (UCO producer) calls
and asks for a single pickup.
Difficulties start to arise
when the collection is made
and the containers are not
full, as this reduces the
waste collection company’s
revenue. The opposite may
also happen, the container
may be full sooner than ex-
pected and remain full until
the next collection, also re-
ducing revenue. The collec-
tion of domestic UCO is even
more difficult because the
individual households pro-
duce small amounts of UCO.
This makes the individual
collection of UCO in the do-
mestic environment unprofit-
able. Public UCO containers
where household members
can deposit their UCO are a
possible solution, as long as
the collection is made on
time and measures are taken
to avoid spills.

In both cases (domestic
and industrial) the problem is
in the difficulty of knowing
when the containers are full
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or at least with enough UCO
to justify their collection.
With this kind of information
the companies in this sector
could increase the amount of
oil collected and reduce the
operational costs of collec-
tion, thereby increasing rev-
enues (Li et al., 2006).

Current Practice

Until recently, due to the
novelty of UCO collection
processes, pickup manage-
ment systems have mostly
been manual or adapted from
solid waste collection man-
agement systems. These sys-
tems are, by default, based
on statistics, being character-
ized by an initial period
where there is no data input
and collection is made ran-
domly. In a second period,
collection is made by estima-
tion, with all the previously
described related issues.

As time goes by, compa-
nies have been adopting
some solutions such as ask-
ing the client about the cur-
rent state of the container, or
waiting until the client takes
the initiative to request a
pickup. These solutions pres-
ent some drawbacks, mainly
in route planning since by
the time the client requests
pickup the container is usu-
ally already full and requires
immediate collection. From
the economic point of view,
route planning is essential to
maximize profit and, in this
sense, the current solutions
are inadequate.

For this reason, in most
cases UCO collection compa-
nies use production statistics
to estimate pickup timings,
which is not the most effec-
tive way, but the one that
presents the minimal collec-
tion costs. This system only
achieves basic accuracy after
massive data collection based
on the used oil production
levels of each client. Differ-
ent periods of the year typi-
cally translate into different
quantities of used oil. This is
also a variable to be taken
into account when estimating
the oil levels of the contain-
ers and it increases the over-

all complexity of the system
and decreases the accuracy.

From these considerations,
the major problem can be
expressed as the difficulty to
assess when and where a
specific container is ready for
pickup, or even more specifi-
cally, when the container col-
lection is economically via-
ble. Achieving this input
would allow for efficient
route planning, creating a
reasonable time window from
when the alert is triggered
(around 75% of maximum
container capacity) and the
maximum filling capacity of
the container.

Overview of the
Management Framework

The proposed UCO frame-
work aims to optimize the
processes involved in the col-
lection of the used oil. This
framework is intended to cre-
ate a system that allows the
collection company to accu-
rately know when and where
the containers are filled with
enough UCO to be collected.
The concept of ‘smart con-
tainers’ for the collection of
used cooking oils consists of
building active containers to
collect highly hazardous
waste, like cooking oil,
which alert the collection
company that the container is
ready for pickup. This infor-
mation is received and pro-
cessed automatically.

When using these active
containers, which are respon-
sible for measuring their own
waste level, the user only
needs to store the UCO. The
company responsible for its
treatment will automatically
know when it is the best
time to collect it. After the
notification is sent to the col-
lecting entity it will be auto-
matically processed and add-
ed to the database. Then, us-
ing these stored notifications,
daily/weekly collection route
plans will be generated, in-
creasing efficiency and low-
ering costs. In order to opti-
mize the collection proce-
dure, a mobile application
was developed to identify the
container and automatically

update the management sys-
tem with the container’s sta-
tus.

This proposed system was
awarded with the first place
in the 2008 Portuguese
Imagine Cup and with the
fourth place in the 2008 In-
ternational Imagine Cup in
the Software Development
category organized by Micro-
soft (Microsoft Corporation,
2008: Microsoft Portugal,
2008). The initial version of
the project was published as
a paper at CISTI 2009 (Sousa
et al., 2009). The project’s
development is currently be-
ing funded by the Quadro de
Referéncia Estratégica Na-
cional (QREN), Portugal, in
co-promotion with a UCO
collection company.

Framework Description

The framework proposed
in this paper is based on the
low cost active containers
that allow the optimization of
the collection procedure. The
active container is a stand-
alone unit that measures the
amount of residue in the re-
cipient and notifies the col-
lecting company when the
predefined threshold amount
is reached.

The management system
receives and processes the
notifications, creates the opti-
mized collection routes and
provides a graphic visualiza-
tion of the containers on a
map.

Figure 1 shows the UCO
collection process as de-
signed and implemented in
the prototype testing. The
process starts with the recipi-
ent full notification sent from
the active container (A in
Figure 1). The container is
equipped with the proper
sensors to detect the residue
level, oil in this case. When
the pre-programmed level of
waste is reached, the notifica-
tion is sent over SMS using a
GSM module.

The management system
(B in Figure 1) receives the
information through the noti-
fication monitoring system
and adds it to the database.
This is a fully automated
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Figure 1. GreenBox framework architecture.

process, without any user in-
teraction.

The employee responsible
for collection routes in the
collection company (C in
Figure 1) issues the instruc-
tion, through the manage-
ment system interface, to
generate a route and associ-
ates it with an employee re-
sponsible for the collection of
the full containers. That in-
formation will then be up-
loaded to the employee’s mo-
bile device (Smartphone or
tablet). If the collection com-
pany doesn’t have the support
for mobile devices, a report
with the route is printed in-
stead. The management sys-
tem can also manage employ-
ees, vehicles and containers,
and generates reports using
stored data.

After receiving the list of
containers to be collected,
the employee follows the
route and updates the status
of each location on the mo-
bile device. To make the pro-
cedure easier, each container
has an RFID tag or barcode
that can be read by the mo-
bile device, allowing the op-
erator to fill most of the re-
quired information in the re-
port just by reading the serial
number of the container (D
in Figure 1); if the mobile
device isn’t available, the
same report is filled in by
hand. Following its arrival at
the company, the UCO is fil-

tered and prepared to be con-
verted into biodiesel, the re-
cipients are cleaned and
stored for later usage and the
data is synchronized auto-
matically, if the mobile ap-
plication is used, or updated
manually if it isn’t (E in Fig-
ure 1).

The UCO collection system
is composed of three main
modules: 1) detection mod-
ule, consisting of the con-
tainer and respective instru-
mentation; 2) management
module, consisting of the
computer system that pro-
vides support and manage-
ment of the logistics involved
in the UCO collection; and 3)
collection module, consisting
of the mobile device and the
respective mobile application.

Detection module

The detection module anal-
yses the amount of waste in
the recipient and generates a
notification when a pre-
defined amount is reached.
These active containers are
key to enabling the opti-
mized collection.

The detection module con-
sists of a sensor or collection
of sensors, a microcontroller
to process the sensor data
and generate the notifica-
tions, a GSM module to pro-
vide communications, and a
power supply. The microcon-
troller is programmed to take
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periodic samples of the
amount of waste present in
the container and, when the
threshold amount has been
reached, to generate a suit-
able report based on the
waste type, amount and com-
munication protocol of the
management module. When
developing this module the
goals were reliability, low
cost and minimal mainte-
nance.

In the detection module,
the sensors provide data to
the microcontroller regarding
the amount of residue present
in the recipient. This data
can be precise or only indi-
cate if the threshold has been
reached. This last method
was implemented in the pro-
totype. Two detection sys-
tems were developed for the
initial tests, one based on a
switch that indicates whether
the threshold has been
reached, and a detection sys-
tem based on load cells,
which allows for a precise
measurement of the amount
of waste present at any given
moment.

The recipients were
equipped with a switch (2 in
Figure 2) with a floating de-
vice attached (1 in Figure 2).
The threshold is defined by
the location at which the
switch and floating device
are attached. This method is
of a very low cost and, as
the switch can be used to
power the system only when
needed, it is very power ef-
ficient.

The switch is waterproof,
allowing for the switch and
floating device to be sub-
merged in either water or oil
without compromising their
operation. The floating device
can be made of any kind of
material, as long as the re-
sulting object is less dense
than the residue in the con-
tainer and the materials can
withstand the nature of the
waste.

When a more accurate
reading of the amount of oil
or other waste is required,
this can be measured by the
weight present in the recipi-
ent. An instrumented base is
used with the recipient on

Figure 2. Recipients with switch
based alert mechanist.

top (Figure 3). The only dif-
ference between this method
and the above described
method is in the way the
waste is measured; in the
first method the threshold is
detected when the waste rises
enough to actuate the switch
through the buoy, in the lat-
ter a load cell is used to
measure the weight of the
container as often as required
and, if necessary, with great
accuracy. When a different
recipient is used, the base
needs to be programmed for
the new capacity and desired
notification thresholds. These
Sensors are more expensive
and the implementation more
complex, but they are more
precise and can remain on
site for their entire opera-
tional life.

After field-testing the pro-
totypes built, some problems
were identified when using
the switch-based system.
Mainly, the malfunctions
were caused by the mechani-
cal stress they were subjected
to through the industrial
cleaning process. These re-
sults will be addressed more
thoroughly in a following
section.

Management module

The management system
provides several functional-
ities that can be divided into
the following five main mod-
ules: administration, alert,
routing, synchronization and
report modules.

This modular structure of
tasks allows the reduction of
dependencies within the sys-
tem, enabling the main sys-
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Figure 3. Recipient with load cell
based alert mechanism.

tem to assist the user in a
specific task even when an-
other module is currently un-
available.

A monitoring module was
also created primarily to pro-
vide the system overview,
considering all modules,
from the alert module to the
database connection. This
module is intended to give
information about the current
status of all modules, alerting
the user in case any of the
modules are faulty or have
even stopped working and
need immediate repair.

The alert module is re-
sponsible for the alert recep-
tion and processing. It has
been designed to run autono-
mously, without user interac-
tion. To fulfill this purpose
and from a development per-
spective, this module is a
system service that starts au-
tomatically, continues run-
ning permanently, even if the
other modules are not, and
restarts automatically in case
of failure, without user inter-
action. This module has two
basic components, the recep-
tion and sending services
(GSM modem).

The GMS modem is con-
figured to send an alert to
the central management
framework, by SMS, each
time it receives any input. If
offline, the messages are
stored and scheduled to be
sent when GSM service is
available.

The workflow steps are de-
fined as follows: 1) modem
initialization and configura-
tion, 2) monitoring module is
informed of successful start-
up, 3) GSM modem is re-
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a) New Route Notification

b) Connect to Server

Server

¢) Download Route

PDA

Figure 4. Synchronization process between server and PDA, with

notification.

quested to transmit any even-
tual message stored when
offline and the alerts are pro-
cessed and added to the data-
base and deleted from the
queue, and 4) service goes
into standby, waiting for new
inputs from the modem.

In the case of error in any
of the steps, the user is noti-
fied by the monitoring mod-
ule and may proceed with
any adjustment, if necessary,
as in the case of modem
malfunction.

Synchronization module

The synchronization mod-
ule is responsible for the
communication between the
main system and the mobile
application. In contrast to the
alert module, the synchroni-
zation module has an inter-
face, providing information
about the synchronization
with the user. The module
creates a communication
channel using two different
wireless interfaces (802.11g
or Bluetooth). A USB con-
nection can also be used.

This module has two main
actors: the server, as the
main system, and the client
application on the mobile
device. To save energy while
synchronizing, the concept
of push is used instead of
pull. In simple terms, the
client application starts syn-
chronization, but only when
the server sends notification
of the existence of a new
route, instead of periodically
checking for updates. In
practical terms SMS are in-
tercepted by the client ap-
plication. Whenever an SMS

is received, containing a
specific data format (A in
Figure 4), the client applica-
tion starts syncing through
the interface also specified in
the SMS (B, C in Figure 4).
This module is also respon-
sible for sending urgent noti-
fications to the client applica-
tion, using the described pro-
cess. In this case, the com-
pany employee will use the
client application to connect
to the Internet and receive
updated data about new con-
tainer collection points.

Routing module

This module allows for
route generation, route map
visualization and route as-
signment to employees. The
generated routes are opti-
mized taking into account
several variables, such as the
maximum number of daily
collection points, client avail-
ability, and need for collec-
tion. This last variable, the
need for collection, is calcu-
lated every day based on the
estimation of the day in
which the container will be
fully filled. This estimation
is made considering the date
of last UCO collection, the
collection request and the
need for collection of neigh-
boring UCO collection
points. Based on this estima-
tion it is possible to generate
highly optimized routes.

After generation the route
is displayed overlaid on a
map containing all collection
points. This is done so that
the user can check for any
generation errors. After vali-
dation, the user is requested

to assign the route to the col-
lection team or employee and
the route is synced with the
client application by the syn-
chronization module. Route
reports are available at any
time by checking the route
history.

This module also allows
for the inclusion of urgent
collection points. In practical
terms, if a sensor is broken
and a filling alert has not
been received, the collection
point (e.g.: restaurant) re-
quests urgent collection.
From the previous route gen-
eration the system automati-
cally checks the collection
team or employee that passes
by closest to the newly added
collection point and sends
and emergency alert to the
respective client application,
using push, as previously
mentioned, and GPRS/3G.
This functionality allows the
system to continue working
even in the case of route up-
date and detour. GPS is also
used to increase the location
accuracy of the teams/em-
ployees.

Administration module

Finally, the administration
module allows the user to
administrate and manage the
system. This module allows
employee, vehicle and mobile
device management for col-
lection support. Each em-
ployee can be assigned with
a specific route, vehicle and
mobile device. The module
provides an administration
interface. From a company’s
point of view the modules
allow system analysis and
report generation, providing
filtering by week, month, res-
taurant, employee and collec-
tion statistics. This module is
intended to plan and control
the collection system.

Collection Module
Application

As stated above, this mod-
ule was primarily created to
aid in the management of the
collection routes and the syn-
chronization of the data col-
lected during the collection
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procedure. The data gathered
during the collection proce-
dure, such as the amount of
waste collected in a specific
location at a given time, is
very important to the system
because it can be used to
improve the whole process.
Usually this would be a man-
ual, boring and slow process,
which made it a perfect can-
didate for automation.

The mobile application
was created to deliver the
route with the locations to
collect defined by the route
creator to the collecting em-
ployee. It also automatically
updates the management sys-
tem with the data collected
throughout the process. The
mobile application consists
of three modules: route,
identification and synchroni-
zation modules.

The route module is re-
sponsible for presenting the
optimized route to the user.
When the route is download-
ed from the management sys-
tem, it shows the locations to
collect on a map, along with
relevant information about
each specific location, such
as possible difficulties in
parking the vehicle. This
module also interacts with a
turn-by-turn navigation ap-
plication, allowing the user
to easily work in previously
unfamiliar areas.

The identification module
was created because the elec-
tronic components were em-
bedded in the container and
there was a need to identify
every container. This enabled
the system to track every
container along with its sta-
tus (full, empty or in stor-
age). Identification was en-
abled by two methods, an
RFID tag and a barcode.
Both the tags and the bar-
codes are cheap, and this
makes it possible to use an
RFID-enabled PDA to quick-
ly and accurately read the
serial number or a cheaper,
everyday PDA that only re-
quires a camera to capture an
image of the barcode. Read-
ing the barcodes with this
method is slower, less accu-
rate and can lead to problems
because the barcode is easily

deformed or soiled in an in-
dustrial environment.

When the chosen measur-
ing method is the instrument-
ed base with the load cell
this identification process is
unnecessary because the base
doesn’t get moved during the
process of recipient replace-
ment. The base serial number
is sent to the management
system along with the thresh-
old reached notification.

The synchronization mod-
ule is a very important com-
ponent in the optimization
process. This module is re-
sponsible for downloading
new routes from the route
manager and starting the col-
lection process. When all the
points are collected and the
mobile device is back in the
company premises, this mod-
ule saves time by uploading
the data gathered during the
process, data which other-
wise would have to be en-
tered manually by the user.

This module also supports
‘emergency collection points’.
If a new container sends a
full notification near an em-
ployee in the field and his
vehicle is not scheduled to be
full with the current route,
the management system up-
loads the new point and the
user is notified.

Discussion of Tests

The prototype described
above allowed to test the sys-
tem in the laboratory and the
results obtained revealed its
commercial viability. In re-
sponse, we established part-
nerships with commercial
enterprises that evaluated the
system in order to confirm
its viability. An agreement
was later established with a
business partner, FiltaPorto,
for testing the system in a
real collection of UCO.

This partnership provides
access to real world collec-
tion. We identified a limited
number of restaurants in
which to install the system in
order to identify problems
with our concept. In the first
tests containers with a
switch-based alert system
were only used, which ini-
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tially functioned well, but
then began to stop working
or send false positives. After
some analysis of the process
following the collection it
was observed that the clean-
ing process, as the containers
have to be cleaned for fur-
ther use, was quite aggres-
sive. Due to the nature of oil
residue, the industrial clean-
ing process has to be done
using industrial chemicals
(detergents) and water at high
pressure and temperature.
This process proved to be
too violent for the containers
and especially for the sensor
mechanism, which in some
cases resulted in detriment
and in others even physical
damage of the parts.

In response to this prob-
lem, it became necessary to
change the switch detection
concept, which forced us to
use another approach, that of
mass-based detection. This
concept solves the main
problems, as the base never
leaves its location, so it
doesn’t go through the indus-
trial cleaning process. This
also brings other advantages:
since there is no need to put
anything inside the contain-
ers, they can be produced at
a lower cost and in case of
damage, the losses are small.

Another design problem
identified was related to the
identification of the contain-
er. The original design used
a barcode, and due to the
harsh environment in which
the containers are stored in
restaurants, often under the
sink or in the backyards, the
tag was damaged over time.
Not only that, but the clean-
ing process also damaged
them, which forced us to re-
place them again. Due to
this, and the identification
process being difficult to use,
it was hard to get a clear
shot of the barcode, which
almost never worked in the
tests, so it was decided to
use something more reliable.
And with the need to change
the alert-level concept, we
decided to use RFID technol-
ogy in the identification pro-
cess, and in our tests this

technology worked every
time and in the most varied
of circumstances. The new
concept of detection also
makes the requirement of
identifying each container
obsolete, so the identification
came to be done at the client
level since the base never
leaves the restaurant. The
unique ID is also being used
to track repairs or to manage
stocks within the system.

After solving these prob-
lems, a new round of tests
was initiated, this time lon-
ger than in the first phase, in
order to assess the algorithms
for optimizing route creation.
Thus far no flaws have been
detected any and we are now
acquiring data in order to
check if it is possible to en-
hance the route optimization
algorithm.

Conclusion

The prototype built for the
test fulfilled its initial pur-
pose, which was to test the
viability of this concept in
real word scenarios, and now
the main research goal is to
reduce the cost per unit. Af-
ter finishing a stable low cost
version we expect to start a
city-wide test and progres-
sively implement the pro-
posed framework with all our
partners’ collection clients, in
order to apply its full poten-
tial.

As a future development,
our focus is on cost reduc-
tion, since we had to change
sensors when the old ones
proved to be ineffective, rais-
ing the final production costs
higher than expected. An-
other focus of the research is
the method of communica-
tion. As the use of SMS over
GSM can become expensive,
other forms of medium/long
distance communication are
being analyzed, as well the
use of the mesh networks
concept. In order to continue
reducing production costs,
and also continue improving
the framework with new
types of sensors, new levels
of integration within the
companies’ existing systems
and test new hypotheses, it
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was decided to continue test-
ing for a longer period.

During the planning and
first design phase, we built
this concept in order to cre-
ate an adaptable system that
not only works with other
types of residues with mini-
mal adjustment, but can also
work simultaneously with
different types.

This framework, applied to
the first prototype, has prov-
en to be an appropriate solu-
tion, both in a controlled en-
vironment and real world
scenarios. Therefore, we will
continue research on this
project in order to make this
concept a fully marketable
product and to place it on the
market.
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