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Abstract

Regeneration is the most efficient way of managing used oil. It saves money by preventing costly cleanups and liabilities that are associated
with mismanagement of used oil, it helps to protect the environment and it produces a technically renewable resource by enabling an indefinite
recycling potential. There are a variety of processes and licensors currently offering ways to deal with used oils. Selecting a regeneration technology
for used oil involves ‘cross-matching’ key criteria. Therefore, the first prototype of spent oil regeneration (SPORE), a decision support tool, has
been developed to help decision-makers to assess the available technologies and select the preferred used oil regeneration options. The analysis is
based on technical, economical and environmental criteria. These criteria are ranked to determine their relative importance for a particular used
oil regeneration project. The multi-criteria decision analysis (MCDA) is the core of the SPORE using the PROMETHEE II algorithm.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Waste oil is a term defined by European law as any semi-liquid
or liquid used product, totally or partially consisting of mineral
or synthetic oil, including the oily residue from tanks oil-water
mixtures and emulsions (Council Directive 75/439/EEC). Waste
oils are classified as hazardous waste by European law and
should be collected so that they can be safely treated. Com-
mon waste oil contaminants include trace metals and chlori-
nated solvents: gasoline and products of incomplete combustion,
polynuclear aromatic hydrocarbons (PAHs), glycols, water and
polychlorinated biphenyls (PCBs). The term of “used oil” is
used in this work to refer to the waste oils arising from the use
of lubricating oils.

There are a wide variety of processes and licensors currently
offering ways to deal with waste oils. There are four main pro-
cesses used for the treatment of waste oils; blending, separation-
chemical treatment, distillation and cracking. In all channels,
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the economic and calorific values of the used oils are recovered
to varying degrees. The two main techniques used are regen-
eration (or re-refining) and direct burning (mainly in cement
factories). The two other methods which, together, account for
the remaining third are reprocessing and reclaiming, the latter
being used principally for hydraulic oils. According to Monier
and Labouze [1], about 2400 kt of waste oils were generated in
2000, approximately 1730kt were collected and the remaining
675 kt are accounted as illegally burnt or dumped in the environ-
ment. Only 32% of collected waste oil is regenerated to base oils.

The regeneration of waste oil has grown in recent years
through a better understanding of environmental benefits and
the economic and technological advances that make re-refined
oil dependable and efficient. Multiple and sometimes conflicting
criteria need to be considered simultaneously when deciding if
and under which conditions to undergo the questionable waste
oil regeneration process, and which particular regeneration tech-
nology to use, since there is a market boom of the readily
applicable technologies, while some new and innovative ones
are also emerging and being patented. To help its target bene-
ficiaries (investors, environmentalists, policy makers, technolo-
gists, etc.) from developing world to catch up with developed
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countries regarding waste oil management, the ICS-UNIDO has
undertaken the development of repository of the best available
technologies for waste oil regeneration [2], together with the
first prototype of SPORE web-based decision support tool for
the assessment and selection of the most suitable technology
to regenerate particular waste oil, taking into account the spe-
cific needs and preferences of various stakeholders (including
technology maturity, quality of the product, yield of the main
product, operating cost, by-products, etc.).

The paper first presents the methodology used to develop the
first prototype of SPORE decision support tool. The second part
presents a demonstration of the implemented prototype.

2. Generic framework of SPORE

The generic framework of SPORE was developed using web-
based intelligent systems environment (WISE) that could be
easily configured for the specific decision support system [3].
WISE represents a set of Java packages with specific organiza-
tion and usage that could be freely and easily combined into a
consistent whole, according to the specific problem at hand.

The following are the three main functional packages of
WISE:

e WISE.ES, the package facilitating the development of con-
ventional, rule-based expert systems in Java language.

e WISEMCDM, the package facilitating the multi-criteria
decision making process, offering the most widely used meth-
ods, PROMETHEE II.

e WISE.FUZZY, the package facilitating fuzzy sets, fuzzy pro-
duction rules, and fuzzy linguistic functions (usually used
together with WISE.ES package).

For SPORE decision support tool, WISE.MCDM package
represents the core module. WISE.MCDM package facilitates
the multi-criteria decision making process and implements the
most popular MCDM algorithms of the “outranking” type
PROMETEE 1I [4].

Outranking methods represent binary relations between alter-
natives, given the preference of the decision maker, the quality
of the valuations of the alternatives and the nature of the problem

[51.
3. WISE.MCDM package architecture

Using WISE packages it is very easy to create the skeleton of
every web based intelligent decision support tool. Fig. 1 shows
the core WISE-based decision support system architecture used.

A concrete web based decision support tool consists of graph-
ical user interface (GUI), central WISE layer and knowledge
and data warehouse [6]. GUI can be realized as standard web

User Interface WISE Dataware house

Standard Web
Application

RDBMS

+—> WISE.MCDM +—>

Fig. 1. WISE based decision support tool architecture.

application which is realized using standard script languages
(it is possible to use Java server pages and also active server
pages technologies with JavaScript and VBScript languages).
Structured query language (SQL) has been chosen for SPORE
decision support tool to support the relational database manage-
ment system (RDBMS).

4. SPORE structure

The first prototype of SPORE has been designed and imple-
mented over a multi-criteria decision analysis (MCDA) system
and utilizes a reference data-base in which used oil regeneration
technologies are classified in three broad categories according
to their development stage; technologies with proven industrial
applications, those at pilot stage, and those that are only emerg-
ing from R&D laboratories, or currently being patented. The
database is based on the information of the ICS-UNIDO com-
pendium on used oil regeneration technologies [2] as well as
from the EC Directive of Integrated Pollution Prevention and
Control [7]. The compendium is based on compiling readily
available information from the literature or personal communi-
cations with involved technology owners/vendors/inventors.

The first prototype includes totally 21 technologies and nine
ranked criteria. The structure of the data-base and the technolo-
gies available in the current stage of the first prototype are shown
in Table 1. The criteria used for the prototype implementation
are also indicated in Table 1.

To evaluate technologies which are performed with SPORE,
some criteria have been selected and a specific rating system has
been developed. Each technology has then been rated according
to its performance under each criterion.

Table 1
List of available technologies and criteria used for SPORE implementation
Development Technologies Product Criteria
stage
Industrial Mohawk Yield of the main
applications product
Revivoil Quality of the product
Atomic vacuum Stream factor
distillation
Blowdec Development stage
Base h
Cyclon . Operating cost
Enviro-tech oil Estimated capital cost
Meinken PCB’s removal
Prop By-product quality
Acid/clay Solid wastes existence
purification
Snamprogetti
Sotulub
Vaxon
KTI-Relube
Prototypes and  Interline
. Base
pilot stage .
Entra oil
Mrd-Kernsolvat-
Extraktions
Studies and UOP Hylube Base

patents

oil
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Not all the stakeholders are equally interested in the criteria
listed above. Investors are more interested in capital cost than
the environmental acceptability of certain technology, while the
local community and/or the environmentalists have exactly the
opposite viewpoint. Therefore, the prototype enables its user to
select the subset of the criteria offered by the tool to be taken into
account in particular MCDA session, as well as to put the rela-
tive weights to the chosen criteria that best reflect their specific
preferences.

5. Prototype demonstration

The software provides a repository of the best available tech-
nologies for waste oil regeneration, a set of indicators for criteria
for evaluating those technologies, and default values of weight-
ing factors, that could be easily adjusted to suit the user’s specific
needs and preferences. The first prototype of SPORE is web-
based application, so that target beneficiaries from developing
countries, could easily access it, once they are properly authenti-
cated. Itis very easy to add new technology or even a category of
technologies, or change the parameters of the existing ones, or
introduce new preference functions, etc. The software presents
its users with a variety of configuration and input parameters
from which to choose. Several are mandatory (such as identi-
fying technologies to be evaluated), but there are many that the
user can choose to leave blank or use the supplied default values.
This way, the user decides how to tailor the analysis to satisfy
his/her specific needs.

MCDA of all the factors involved in the decision process
determines whether a waste oil regeneration strategy is a feasi-
ble, effective and efficient solution and whether it satisfies all
criteria and constraints defined by the user. Depending on the
context in which waste oil regeneration technology assessment
and selection is performed, the user can tailor decision strat-

[The user inputs characteristics of the waste oil regeneration
project

|

The program displays the available technologies depending
’ on their development stage, to indicated by the user
The user then indicates the criteria

The user sets criteria importance based on how critical
each is considered (weight ranges between 0 and 100%)

Multicriteria analysis is performed and recommended
technologies are shown and sorted (together with ranked

alternatives)
Yes
Want to iterate again?

Fig. 2. General algorithm supported with SPORE.

egy balancing out various effectiveness and efficiency param-
eters, other criteria and constraints. From the user’s point of
view, the general algorithm for SPORE analysis is described in
Fig. 2.

The user of the prototype, after inputting data relevant to the
waste oil to be treated, uses a full set of technologies or indicates

SPORE

Spent Oil Regeneration

— e AboutUs - Mebers Zong ™ - g Disclaimer - Contast Us - Silemap T —

P All Projects Project : %000

b Project Analysis Name: ||
Analysis

b Edit Analysis Description:

* 1:Basic Data
% 2: Technologies

% 3:Criteria
* 4:Importance
* 5:Results

b User Profile

b Logout

Copyright @ 2004 ICS-UNIDO
All Rights Reserved

Fig. 3. Main analysis window for the creation of a new waste oil project.
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Step 2: Select Technologies
Industrial Applications

Mohawk

Revivoil

Atomic Vacuum Distillation
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Cyclon

Enviro-tech (Wfe)

Meinken

Prop

Acid/Clay purification

Fig. 4. List of technologies to be indicated during analysis.

asubset of technologies in which there is interest, ranked criteria,
and corresponding weighting factors.
After the criteria are selected and their relative preferences
set by the user, the MCDM process starts, and the system rec-
ommendation as well as ranked alternatives are presented to the
user.
Fig. 3 shows the application’s main analysis window which
consists of the current state of configuration, and a few dialogs
for data entry purposes for creating a new analysis. It is con-
nected to the database that contains previously entered informa-

tion on available technologies and selection criteria; database
should be registered by the user and/or software administrator.

Dialogue boxes requesting the user to indicate the technolo-
gies to be simultaneously evaluated and list of criteria to be
considered are shown in Figs. 4 and 5.

Fig. 6 shows a window of set criteria importance used to
overview the values of all selected criteria for particular tech-
nology. A window multicriteria analysis results (Fig. 7) is used
for the presentation of the results of the multicriteria analysis
process.

SPORE

Spent Oil Regeneration

b All Projects

b Project

b Edit Analysis
¥ 1:Basic Data

¥ 5:Results

b User Profile

b Logout
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Project : 000
» Analysis :

Step 3: Select Criteria
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Development stage
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Fig. 5. List of criteria

to be considered.
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SPORE

Spent Oil Regeneration
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Development stage
Estimated capital cost
Operating cost

PCB's remaving

Quality ofthe product 100 |
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Fig. 6. Setting weight for chosen criteria.

Technologies were sorted by decrescent order of recommen-
dation for a random selection of input criteria. The presented
multicriteria analysis process results are exclusively intended to
be as output from a test-phase of the system and not representing
areal case of application.

The prototype has its limitations (such as unable to replicate
some human decision making skills; may not match decision
making’s mode of expression and constrained by the knowl-
edge it possesses) and could not be used alone to reach an

optimum selection. The compromise solution depends strongly
on the decision maker’s personality, on the circumstances of
the decision aiding process and on the way the problem is
presented and on the method, that is used [5]. It may pose
the challenge of integrating SPORE with other decision sup-
port tools (e.g. decision support tools derived from life cycle
analysis).

As Guariso and Werthner [8] already pointed out, environ-
mental decision support system will not and cannot do the work

SPORE

Spent Qil Regeneration

b All Projects Project:

b Project » Analysis :

) Edit Analysis

» 1: Basic Data Order Technology Net Flow
¥ 2: Technologies 1 Revivoil 2762014
% 3: Criteria 2 Cyclon 1.475962
% 4:Importance 3 Snamprogetti 1.435096
¥ 5: Results 4 Propak 1.334135
§  |Mohawk I
b User Profile ] hrd-iernsolvat-Extrakdions 0.6442308
7 |Entra [ 05769231
» Logout 8 KTI- Relube [ 04557308
9 TDA 0.34375
9 Texaco 0.34375
10 AcidiClay purification 0.08653846

LIAO L Ll

— AboutUs ™ - Mebers Zong™ - Disclaimer ™ - ContactUs - Sitemap T —

Step 5: Multicriteria Analysis Resulis

Fig. 7. Multicriteria analysis results.
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that remains to be done by humans. Better computer support
does not automatically imply a better decision. It is still the
human’s responsibility to be aware of the environmental situa-
tion of the planet and to cope with all the problems connected
with it.

6. Conclusions

To help target beneficiaries of ICS-UNIDO from develop-
ing countries to catch up with developed countries regarding
waste oil management, the first prototype of SPORE decision
support tool has been developed. It is a Web-based decision
support tool that allows assessing the available waste oil regen-
eration technologies against various technical, environmental
and financial criteria, and selecting the most suitable technology
according to the specific objectives and preferences of a par-
ticular user/stakeholder. The first prototype is currently being
completed and is a subject of internal validation by means of
test-runs utilising data gathered from assessed full-scale appli-
cations and verification process before being posted on the
web for wider testing by beneficiary institution and/or indi-
viduals. Further work is being undertaken to split the list of
criteria and update the development stage of some technolo-
gies as well as addition of new technologies available in the
market.

Acknowledgments

The authors wish to express their gratitude to Branislav
Opacic from IT department of ICS-UNIDO for his precious con-
tribution through the development of SPORE.

References

[1] V. Monier and E. Labouze, Critical review of existing studies and life
cycle analysis on the regeneration and incineration of waste oils. EC-DG
Env., Taylor Nelson Sofres and Bio Intelligence Service, 2001.

[2] F. Dalla Giovanna, O. Khlebinskaia, A. Lodolo, S. Mieruts, Compendium
on Used Oil Regeneration Technologies, ICS-UNIDO, 2003.

[3] V. Simeunovic, J. Jovanovic, M. Saric, S. Vranes, A generic framework
for web-based intelligent decision support systems, in: Proceedings the
Fourth International Conference on Practical Aspects of Knowledge Man-
agement, PAKM, 2002, vol. 2569, Vienna, Austria, Springer-Verlag, 2002
(Lecture notes of computer science).

[4] P. Salminen, J. Hokkanen, R. Lahdelma, Comparing multicriteria methods
in the context of environmental problems, Eur. J. Operat. Res. 104 (1998)
485-496.

[5] P. Vincke, Multi-Criteria Decision Aid, J Wiley, 1992, ISBN:
0471931845.

[6] S. Vranes, WISE-Choice Design, ICS-UNIDO, 2004.

[7] European Commission. Draft Reference Document on Best Available
Techniques for the Waste Treatment Industries, European IPPC Bureau,
2003.

[8] G. Guariso, H. Werthner, Environmental Decision Support Systems, Ellis
Horwood-Wiley, 1994, ISBN 07745802559.



	Decision support tool for used oil regeneration technologies assessment and selection
	Introduction
	Generic framework of SPORE
	WISE.MCDM package architecture
	SPORE structure
	Prototype demonstration
	Conclusions
	Acknowledgments
	References


