Volume 38 ¢ Number 2 (ISSN 0511 5728) e January 2016

WESTINDIAN
JO URNAL
O F ENG INEERIN G

0 [ (0 = 2

Influence of Chemical Treatment on the Constituents and Tensile Preér8elected Agro-

Factor Analysis of Elements Influencing Occupational Safety and Healtaddarent System

Development in Trinidad and TODAQGO. .........coi it e e e e e e e e 13
Smart Grid Analysis for the Caribbean Regian................ooiii 24
Potenial Consumers’ Perception of Treated Wastewater Reuse in Trinidad......................... 33

A Review of Critical Infrastructure Interdependency Simulation and Moggiér the

(@ o] o 1= o 44
Soil-Metal Sliding Resistance Focef Some Trinidadian Soils at High Water Contents ............... .. 32
A Road Collapse at Pont Cassé, Dominica: Hydrologic and Hydraulic Aspects ................... 59

Inhibition Efficiency ofMoringa OleiferaLeaf Extract on the Corrosion of Reinforced Steel Bar
0[O 10 Yo 114 o 64

Design of a Specidtffects WristMounted Flamethrower ...............cooii i, 71
Aligning Project Quality and Risks into Business Processes: A Review ok@hadl and Strategies 81

Communicating in the \Wkplace: SeHReports by New UWI Electrical and Computer Engineering
L= To [ = L= 93

WIJE Vol.39, No.2 January 2017: Call for Papers

Special Issue on “Engineeriagd Technologyrogramme Accreditation for the Caribbean:
ChalleNngeRNd AQENAAS. . ... ...ttt et e e et et et e e e e 102

Published by:
Faculty of Engineering, The University of the West Indies
St Augustine, Trinidad and Tobago, West Indies




WEST INDIAN JOURNAL OF ENGINEERING

The WIJE Editorial Office
Faculty of Engineering, The University of the West Indies, St Augustine
The Republic of Trinidad and Tobago, West Indies
Tel: (868) 662-2002, ext. 83459; Fax: (868) 662-4414;
E-mail: uwije@sta.uwi.edu
Website: http://sta.uwi.edu/eng/wije/

The West Indian Journal of Engineering, WIJE (ISSN 0511-5728) is an international journal which has a focus
on the Caribbean region. Since its inception in September 1967, itblishad twice yearly bythe Faculty of
Engineering at The University of the West Indies (UWI) and the Council obl@zah Engineering Organisations
(CCEO) in Trinidad and Tobago. WIJE aims at contributing to the develdpmherable engineering skills, techniques,
management pictices and strategies relating to improving the performance of enterpas@sunity, and the quality of
life of human beings at large. Apart from its international foeukinsights, WIJE also addresses itself specifically¢o th
Caribbean dimension thi regard to identifying and supporting the emerging research amdapramoting various
engineering disciplines and their applications in the region.

The Publications and Editorial Board

ProfessorStephan J.G. Gift ChairmanDean, Faculty of Engineeg), UWI; E-mail: Stephan.Gift@sta.uwi.edu

Professor Edwin |. Ekwug Vice-Chairman(Deputy Dean, R & PG Studemfairs), UWI; E-mail: Edwin.Ekwue@sta.uwi.edu
Professor Brian Copeland Member(Immediate Past ChairmpriJWI; E-mail: Brian.Copeland @sta.uwile

Professor Kit Fai Pun, Member(Editor-in-Chief), UWI; E-mail: KitFai.Pun@sta.uwi.edu

Professor Winston A. MellowesMember(Immediate Past EditprUWI; E-mail: wamello@yahoo.com

ProfessorBoppana V.Chowdary, Member(Mechanical & Manufacturing Emgeerng), UWI; Boppana.Chowda@sta.uwi.edu
Dr. Bheshem Ramla] Member(Geonstics Engineeringnd Landvilanagement UWI; E-mail: Bheshem.Ramlal@sta.uwi.edu
Dr. Fasil Muddeen, Member(Electrical & Computer EngineeringyWI; E-mail: Fasil. Muddeen@sta.uwi.edu

Dr. Gail S.H. BaccusTaylor, Member(Chemical Engineering)JWI; E-mail: Gail.BaccusTaylor@sta.uwi.edu

Mr. Francis R. Charles Member(Civil & Environmental Engineering)JWI; E-mail: Francis.Charles@sta.uwi.edu

International Editorial Advisory Committee

Professor Andrew Wojtanowicz Louisiana State Universityouisiang USA E-mail: awojtan@Isu.edu

Professor Clive E. DaviesMassey UniversityPalmerston NorthNew ZealangE-mail: C.Davies@massey.ac.nz

Professor David Brown McGill University, Montréal (Qébec) CanadaE-mail: david.brown@mcgill.ca

Professor John Yilin Wang The Pennsylvania State UniversiBennsylvania PAUSA E-mail: john.wang@psu.edu
ProfessorJoseph K. SsegawgaUniversity of Botswanazaborone Africa; E-mail: ssegawaj@mopipi.ub.bw

Professor Nageswara Rao Posinasettiniversity of Northern lowaCedar Falls IAUSA E-mail: Posinasetti. Rao@uni.edu
Professor Richard Hobbs University of OxfordNuffield, Oxford, U.K; E-mail: r.w.hobbs@durham.ac.uk

Professor Prasanta Kumar Dey AstonUniversity, Birmingham, UKE-mail: p.k.dey@aston.ac.uk

Professor Sreekala G. BajwaNorth Dakota State UniversitFargo ND, USA E-mail: sreekala.bajwa@ndsu.edu
Professor V.M. Rao Tummala Eastern Michigan Universityypsilanti Ml USA E-mail: rao.tumnala@emich.edu

Dr. Albert H.C. Tsang, The Hong Kng Polytechnid¢Jniversity,Kowloon Hong Kong,Chinag E-mail: albert.tsang@polyu.edu.hk
Dr. Henry Lau, University of Western Sydney, Parramatta Camfysney, AustraligE-mail: H.Lau@uws.edu.au

Dr. Jeffery A. Jones University of WarwickCoventry UK; E-mail: J.A.Jones@Warwick.ac.uk

Dr. Kiran Tota -Maharaj, University of GreenwichChatham Maritime, KentJ.K.; E-mail: K.TotaMaharaj@greenwich.ac.uk
Dr. Kwai-Sang Chin City University of Hong Kond¢owloon Hong KongChing E-mail: mekschin@cityu.edu.hk

Editorial Sub-Committee

Professor Kit Fai Pun, Chairmanand Editor(Office of Industrial Engineering UWI; E-mail: KitFai.Pun@sta.uwi.edu

Dr. Chris Maharaj , Vice Chair(Mechani@al & Manufacturing EngineeringJWI; E-mail: Chris.Maharaj@sta.uwi.edu
Ms. Crista Mohammed, Member(Electrical& Computer EngineeringUWI; E-mail: Crista.Mohammed@sta.uwi.edu
Mrs. Marlene Fletcher-Cockburn, Member(Outreach Officg UWI; E-mail: Marlene.Fletche€Cockburn@sta.uwi.edu
Mrs. Paula Wellington-John, Member(Systems Labratory), UWI; E-mail: Paula.John@sta.uwi.edu

Ms. Chavelle Calliste Member(Engineering Institute UWI; E-mail: Chavelle.Calliste@sta.uwi.edu

To order subscriptions or report change of address, simply fill in theedqoformation on the Subscription Order Forrayied at the back
of the Journal or downloaded from the WIJE website, and/or write to: The Hdi@ief, The Editorial Office, West Indian Journal of
Engineering, c/o Block #1, Faculty of Engineering, The University of the West Indies, St AegUstnidad and Tobago, Wdsidies. Fax:
(868) 662 4414; Emails: uwije@sta.uwi.edu; KitFai.Pun@sta.uwi.edu




WIJE; Vol. 38 No2, January2016

WESTINDIAN JO URNAL
O F ENGINEERING

Volume 38 ¢ Number 2
(ISSN 0511-5728) ¢ January 2016

The Editorial Offie
West Indian Journal of Engineering
Faculty of Engineering
The University of the West Indies
St Augustine
The Republic of
Trinidad and Tobago
West Indies
Tel: (868) 6622002, ext. 83459
Fax: (868) 6621414
E-mails: uwije@sta.uwi.edu;
KitFai.Pun@sta.uwedu
Website:
http://sta.uwi.edu/eng/wije/

Editor-in-Chief:
Professor Kit Fai Pun

The Publication and Editorial Board of th
West Indian Journal of EngineeringVIJE
(ISSN 05115728) shall have exclusive
publishing rights of any technical papers and
materials submitted, but is not responsible for
any statements made or any opinio
expressed by the authors. All papers and
materials published in this Journal a
protected by Copyright. One volume (with 1
2 issues) is published annually in July and/or
Jaruary in the following year. Annual
subscription to the forthcoming Volume (2
Issues): US$15.00 (Local subscription); and
US$25.00 (By airmail) or equivalent ir
Trinidad and Tobago Dollars. Orders must be
accompanied by payment and sent to The
Editorial Office, The West Indian Journal of
Engineering, Block 1, Faculty of
Engineering, UWI, Trinidad and Tobago.
Copyright and Reprint Permissions: Extract
from it may be reproduced, with due
acknowledgement of their sources, unless
otherwise stated. For other capy, reprint,

or reproduction permission, write to The
Editorial Office, WIJE. All rights reserved.
Copyright®© 205 by the Faculty of
Engineering, UWI. Printed in Trinidad and
Tobago. Postmaster: Send address changes to
The Editorial Office, The West India
Journal of Engineering, Faculty o
Engineering, UWI, Trinidad and Tobago,
West Indies; Printed in Trinidad and Tobago.

13

24

33

44

52

59

64

71

81

93

102

Editorial

Influence of Chemical Treatment on the Constituents and Tensile
Properties of Selected AgreFibres
by Isiaka Q Oladele, Michael SOmokafe and Joseph Slusegun

Factor Analysis of Elements Influencing Occupational Safety and
Health Management System Development in Trinidad and Tobago
by Marcia NathaiBalkissoon and K Fai Pun

Snart Grid Analysis for the Caribbean Region
by Daniel Sooknanan, Sanjay Bahadoorsingh, Ajay Joshi and Davinder Pal
Sharma

Potential Consumers’Perception of Treated Wastewater Reuse in
Trinidad
by Everson J. Peters and Lisa Goberdhan

A Review of Critical Infrastructure Interdependency Simulation
and Modelling for the Caribbean
bylsa J Dookie, Arvind Singh, Akash Pooransingh and Seacke

SoiMetal Sliding Resistance Forces of Some Trinidadian Soils at
High Water Contents
by RobertA. Birch, Elwinl. Ekwue andCarla J. Phillip.:

A Road Collapse at Pont Cassé, Dominica: Hydrologic and
Hydraulic Aspects
by Gyan Shrivatava

Inhibition Eff iciency of Moringa Oleifera Leaf Extract on the
Corrosion of Reinforced Steel Bar in HCI Solution

by Jamiu K. Odusote, David O. Owalude, Sunday J. Olusegun, and
Raheem A. Yahya

Design of a SpeciaEffects Wrist-Mounted Flamethrower
by Kathryn Maharaj, Chris Maharaj, and Umesh Persad

Aligning Project Quality and Risks into Business Processes: A
Review of Challenges and Strategies
by NeishaHyatali and Kt Fai Pun

Communicating in the Workplace: SelfRepats by New UWI
Electrical and Computer Engineering Graduates
by Crista Mohammed

WIJE Vol.39, No.2 January 20%: Call for Papers
Special Issue: “Engineeringnd TechnologProgramme Accreditation for
the Caribbean: Challenges and Agendas”




WIJE; Vol. B, No2, Janualy 2016 2
Editorial

This Volume 38 Number?2 includeseleven(11) research unstructured interviews and questionnaires. It was found
articles. The relevance and usefulness of respectivihat the idea of nepotable use of treated wastewater for
articles are summarised below. such purposes as firefighting and watgrof public lawns

I.O. Oladele, MS. Omokafe and JS. Olusegun  was generally acceptable to the public. However, there
“Influence of Chemical Treatment on the Constituents andias more apprehension about direct uses, particularly
Tersile Properties of Selected AgFibres, investigate those involving human contact. The current perception is
the effect of chemical treatment on the tensile propertiesignificantly influenced by the public’'s mistrust of the
of Banana (Musa acuminata), Plantain (Musa parasidicalpcal water athorities to deliver safe and quality water; a
Coconut (Cocos nucifera) dnSisal (Agave sisilana) general lack of knowledge of the treatment process; and
fibers These fibres were treatedithv four different perceived health risks associated with using treated
chemical solutions at 60 °C for 4 hours. The percentagesastewater.
of the fibre constituents were characterised and the tensile 1.J. Dookie, A Singh, A Pooransingh and S
properties were determined. The results showed that tHeocke “A Review of Critical Infrastruct
cellulose, hemicelluloses and lignin contents were allnterdependency Simulation and Modelling for the
affected The chemical treatment procedures had greaCaribbean”, investigate the importance of ritical
influence on the constituents of the fibres and theiinfrastructure interdependencies (Cliy disaster risk
eventual tensile properties. Alkaline treatment withreduction. This paper contextualises the role of Cll
sodium hydroxide (NaOH) gave the best result forsimulation as part of a complete disaster antergency
improved tensile strength in sisal fibre. management programme, and reviews the -sthtee-art

M. Nathai-Balkissoon and KF. Pun, “Factor as pertains to utilisation of such tools among Caribbean
Analysis of Elements Influencing Occupational Safety ancemergency management agencies (EMASs). It finds that
Health Management Syste(@SHMS Development in  Caribbean EMAs do not currently utilise Cll tools. The
Trinidad and Tobado report on factor analysis conducted paper then reviews some tife most popular simulation
upon a recent survey of OSHMS implementation in thgools under development such as CIPDSS, HAZUS,
manufactiring sectorWith a targeted group of 40 small I12Sim/DRINEP and ESRI Sim Disaster. Their
and mediurrsized manufacturing enterprises (SMESe  applicability and ease of adoption to the Caribbean
study explored the factors influencing OSHMS contextis considered.
development from among 22 elements. It was found that In their article “Soil-Metal Sliding Resistance Forces
two overarching factors correlate significantly to Q%61  of Sone Trinidadian Soils at High Water ConteéntR.A.
implementation in SMEswere “Safety Structure and Birch, E.I. Ekwue, and CJ. Phillips, experiment the
Practices”and “Improvement Drivers”. The paper puts soil-metal sliding resistance and acquiratal on the
forward that governmentaind industrysupported systems normal stress against shear stress at theamiinterface
could be critical aids to promote collaboration amongfor some common soils in TrinidadJsng a soitmetal
SMEs and help them to set up their owmfial OSHMS. adapter tool (SMAT) to a Hounsfield tensometére

D. Sooknanan, S Bahadoorsingh, A Joshi and measured shear stress at the -sml interface was
D.P. Sharma, “Smart Grid Analysis for the Caribbean separated into the components of adhesion constant and
Regiori, present a gap analysis of smart grid technologyexternal friction angle. Analysis of variance showed that
for the Caribbean region, aedplorethe opportunities for the experimental factors such as soil type, water content
the potential widespread lfeut of this technology, the and compaction effort had significaetfect on adhesion
challenges posed and the exercises employed to assisinstant and the external friction angle. Regression
legacy power systems transition to the smart dtikas  models were developed to predict the behaviour of the soll
found that the most important factor is the adoption ofand thetool at the boundary surfaceBhis information
renewable energy sources and a distributed generati@ould be used in performing simulations at the-sml
paadigm that is characteristic of the smart grid, as well agterface and thereby aid in improving designs of earth
the widespread use of relevant communications andiorking tools.
information  technologies in the region. Other G. Shrivastava, “A Road Collapse at Pont Cassé,
recommendations include rigorous planning with cosDominica: Hydrologic and Hydraulic Aspettprovides a
versus benefits analyses being performed witipeet to  technical note, &sed on a site visit during 5th to 7th May
the applicable technologies and a strategic business pla2013,to discussthe hydrologic and hydraulic setting of
The paper concludes by describing the transition to ththe road collapse, as well as the unavailability of event
smat grid using micregrids specific hydrologic data. It concludekat the probable

EJ. Peters and L Goberdhan, *“Potential causes of the road failure were twofeldirstly, a flash
Consumers’ Perception of Treated Wastewater Reuse ftood, arguably, with a return period in excess of 100
Trinidad”, report the main findings of a recent consumeryears, and secondly, an inadequate maintenance of a
survey on the reuse of treated wastewatelysing concrete culvert in a terrain prone to slope instability. It
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ends with theseveralrecommendationfor the Dominica
government andther stakeholders to consider

J.K. Odusote, DO. Owalude S.J.Olusegun, and
R.A. Yahya, “Inhibition Efficiency of Moringa Oleifera

On behalf of the Editorial Office, we gratefully

acknowledge all authors who have made $ipiscial issue
possible with their research work. We greatly appreciate
the voluntary contributions and unfailing support that our

Leaf Extract on the Corrosion of Reinforced Steel Bar inreviewers give to the Journal.

HCI Solutior?, report that as the concentration of the

Our reviewer panel

extract increases, the inhibition efficiency increases irscientists, and practising engineers and profaatsdrom
three investigation scenarios. The volume of the hydrogeimdustry and other organisations as listed below:

gas evolved reduces with an increase in the exposure time,
during the gasometric test. The formation of an adsorption
layer on the surface of the metabluces the rate at which 4
hydrogen gas is evolved, which is a function of the
concentration of the extract. Potentiodynamic polarization
results revealed that the Moringa Oleifera leaf extract
modifies the mechanism of anodic dissolution and
cathodic hydogen evolution. The results showed that the
leaf extract ould be used as a green inhibitor to slow
corrosion of metals in aggressive media

In their article “Design of a Specidtffects Wrist
Mounted Flamethrow&r K. Maharaj, C. Maharaj, and
U. Persad presen the design of a devicthat facilitates .
the illusion of the user holding a flame in the palm. It is
intended as a cosfffective special effects device to be
used in the local entertainment industry. This paper covers e
the main issues that were calesed during the .
development of the flamethrower from inception to the
development of the final design concept. With initial tests e
of the prototype, the potential utility and usability of the

device are demonstrated. The potential of the ¢
flamethrower as ra enabling tool in the Special Effects *
sector will also beliscussed. ¢

N. Hyatali and K.F. Pun, “Aligning Project Quality
and Risks into Business Processes: A Review of
Challenges and Strategiesexplore the literature on
managing project risks and qualilgs they relate to .
business processes. A literature search of project
managementPM) processes was conducted using articles
abstracted from two databases, Ebscohost and Emerald,
Insight, spanning the period from 2000 to 2014. The
conceptual links betweeid PM and business processes
are discussed, and the attributes of project risks and ,
quality are identified. The paper concludes by advocating
a process paradigm for managing project risks and quality
in organisations .

C. Mohammed, “Communicating in the Waplace: .
SelfReports by New UWI Electrical and Computer
Engineering Graduatgsdiscusses the findings from a
recent study on mapping the broad terrain of
communicating in local industryBased onquantitative
data gatheed from58 new hires in the field foElectrical
and Computerthe study revealed that in &310 hour
workday, new hires spend upward of two hours per day
writing and three hours in formal oral communication
scenarios. New hires can also expect that with and without
substantial support thewill be required to produce an
array of communication artefacts. Respondents rated
proficiency in writing, speaking and teaming as critical to
career advancement
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Abstract: The effect b chemical treatment on the tensile properties of Banana (Musa acumiitatain (Musa
parasidica),Coconut (Cocos nucifera) and Sisal (Agave sisilana) fibers was investigétesk fibres were obtained from
plants in Akure, Ondo State, SouWlest, Nigria and were treated with four different chemical solutions at 60 °C for 4
hours. The percentages of the fibre constituents were chasetteaind the tensile properties were determined utlieg
Instron digital universal tensile testing machine. The results showed thahémeical treatment procedures had different
effects on the fibersthe cellulose, hemicelluloses and lignin contents weteaffécted. Allthe chemical treatment
procedures had great influence on the constituents of the fibres anévkatualtensile properties. Alkaline treatment with
sodium hydroxideNaOH) gave the best result famprovedtensile strength in sisal fibre with a value of 0.81 Mf@dlowed

by coconut fibre treated with the mixture of hydrochloric gEl€1) and NaOH with a value of 0.69 MPa. These treatments
were best for the constituents and surface modification of these selectedd fibe optimum advantage from these
treatmentswas that these fibers will perform better as reinforcement in posite developmertue to increased strength
and roughed surfaces which aid binding between fibre and matrix

Keywords: Chemical treatment, constituents, tensile propertieso Aigres

1. Introduction increasingly being employed as reinforcerserin
Composite materials are materials theg comprisel of ~ Polymer matrix composites (Oladele and Adewuyi,
two or more dferent materials and which have 2008) Anselm and Afiukwa (2007) investigated the
properties that transcend those of the individummechan]cal properties of fibre reinforced polypropylene
component materials from which the composite wasCOMposite and concluded that the flexural strength,
developed Althoughthe use of composite materials has flexural modulus and 1zod Impact strengthserev
somewhat wanedince man discovered metals and the Significantly increased by a 60% fibre filling ratio. Li et
art of alloying using composite materiatsas continued ~ @l- (2009) investigated the mechanical properties of pulp
till modern times and is not likely to become obsoletefibre reinforced thermoplastic composite and the
anytime soon, ashey continueto be useful inmany  Stiffness was found to increase by a factor of 5.2 and
engineering applications such as aerospadeil, c strength increased by a factufr2.3 relative to the virgin
machine parts, automotive aftbusehold goods polymer. _

The need and use of composite materials in modern  Natural fibres are obtained from natural sources and
times was borne out of man’s realisation that hardly doedhis includes plant/cellulosifibres, animal/protein fibres
a single material possess all of the properties that ar@"d mineral fibes. Of the natural fibres, agfibres are
desirable.Natural fibres have been used to reinforce increasingly being studied as they offeeager potential
materials for over 3000 yearsDwindling energy @S relnfo_rcement.. Natural fibres are renfawable, in so far
resourcesthe emergence of new operating conditions &S there is a continuous supply which will not negatively
and environmental concerns have resulted in renewedmpact food security. Finding alternative lucrative
interess in bio-based materials. industrial uses for natural fibers willencourage

Plant fibres are perceived as environmentallyunemployed youthin the developing countries to go
friendly substitutes to glass and other synthetic fibres forinto agriculture Plants from which useful fibres can be
reinforcenent in composites, particularly in automotive obtained include banana, plantain, siaatl coconut
engineering due to their wide availability, low cost, low Despite the numerous potential benefits offered by
density, highspecific mechanical properties, atiaey natural fibres, their rapid adoption and widespread usage
are extracted from renewable sourpéants. They are  in the development of engineering materials has been set
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back by various factorsChief amongst these are (plant) fibres using readily available reagents and
moisture sensitivity and absorptionthermal and  hybridized or combinatorial treatments. The properties
dimensional instability of the developed natural fibre and compositions of the chemically treated fibres were
reinforced compositeand poor adhesion and waty also compared with those from the untreated ones.
action at the fibrematrix interface. The subsequent

effects are poor load transfer between fibre and matrix2. Materials and Methods

wide-spread variation in composition and propertiess 1 Materials

making their charactesation difficult; entanglement of

fibres, leading to uneven load stibutiorj and papers (blue and red), solutions of potassium hydroxide

weakening of the structure (Govardan and Rao, 2011 ; ; . .
Mohd et al., 2012; Oladele et al., 2014). All these factors(KOH)’ sodium hydroxide (NaOH), hydrochloric acid

lead to early failure of the developed fibre reinforced (HCI), sulphuric acid (15Q,) distilled water angifibres

composites. The first two shortcomings are due to thefrom banana Musa Parasidica plantain (usa

hydrophilic natureof cellulose(the most abundant and xugggg’a&%gmm Cocos nucifera and sisal fibres
load bearing constituent of tfibers). Celluloseontains 9

numerous hydroxide (OHions which cause it to greatly . .
absorb moisture and swell, disrupting the composite 2.2 Preparation of F"?res_ .

structure and resulting in poor mechanical properties anéf@nana and plantain fiores were obtained from dew
dimensional instability of the natural fibre reinforced retted banana and plantain pseudo stems which were left

composites (John et al., 2008ungjitpornkull et al., on the farmland for 3 months aftehet fruits were
2009. harvestedWhile sisal fibre was extracted by soil retting
There are two approaches to improve the interfaciaOladele et a] 2014).Coconut fibres were obtained by
adhesion between the lignocellulosic fibres and matricesmechanical decortications after the seereremoved
One involves the usef a separate interphase or coupling from the coconut husks. All these agioers were
agents The second approach to overcoming the fibre obtained from farmiad in Akure, Ondo State, South
matrix adhesion and fibrmoisture sensitivity challenge West, Nigeria.
is through pretreatment of the fibres prior to their
incorporation in the matrix (Dhakal et al., 2007). Tisis 2.3Chemical Treatments
known as fibre treatment and it is done to modify theThe selected fibers were divided into five portions of 30
fibre surface and topology. It can be achieved by ag each and subjected to the treatments outlined below.
number of process routes all of which can be catsgmri Four treatments were carried out on the fibers while the
into physical, chemical and mechanical techniquesfifth part wasleft as the control sample.
(Mohd et al., 2012; Oladele et al., 2010
Chemical treatment has been the most promote@.3.1 Mercerisation with NaOH

fibre pretreatment tet_:hniqtﬁEidelis etal, 2013)Thisis A portion of each fibre type was immersed in beakers
probably because adfs lower energy and manpower cqnaining 500 ml of 1M NaOH solution. This was then
requirements. Natural fibres have been found to havgyaced in the shaker water bath maintained at 50 °C for 4
good potential for chemical treatment due the  hours The treated fibres wetiken removed from the
numerous hydroxyl groups present in lignin and peakers and washed with tap water followed by distilled
cellulose. Chemical treatment directly influences the \\ster until test from litmus paper indicated pH of 7.0
fibre structures and changes their compositions, resulting,nich signify neutral status. The treated samples were

in reduced moisture absorption tendencies andnade to dry at room temperature in the laboratory for 7
facilitating better bonding with the matrimaterials. days befor&arrying out tests on them.

Chemical treatment of natural fibres prior to
incorporation is done in many ways depending on the, 3 sMvercerisation with KOH
intended end properties, purpose of treatment an
available reagents amongst others.

Typical chemical treatment procedures include;
alkali treatmat / mercerization (Chang et al., 2009),
Acidic treatment/ Hydrolysis (Oladele et al., 2010 )
silane treatment (Bouza et al., 2008; Xue et al., 2007
acetylation (LarsoiBrelid et al.,, 2008), benzoylation
(Mohanty et al., 2001), acrylation (Huda et al08g),
isocyanatdreatment peroxide treatment (Oladele et al.,
2014, Brigida et al., 2010), permanganate treatmen
(Dhanalakshmi et al., 2012) and others

The present researdhvestigate the effect of such
chemical treatments on the tensile propertieagwo or

The major materials for this research incldideitmus

%ercerisationNas done by immersing another portion of
the fibres from each plant in beakers containing 500 ml
of 1M KOH solution and the same procedure as stated
above under mercerisation treatmemtith NaOH
treatment was followed.

2.3.3 Treatment with HCI + NaOH

Regarding treatment with HCI + NaOH;00 ml
§0Iuti0ns comprising of 375 ml of 0.75M HCI and 125
ml of 0.25M NaOH solution were prepared. The same
procedure as stated above under merceisateatment
with NaOH treatment was followed.
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2.3.4 Treatment with HCl + KOH Where;

The fourth portion of each the fibres was immersed in a xvvlzz\\l'v":iigﬁtt gfffmgfiiidue

beaker containing 500 ml of a reagent prepared by W2= weight of sample '

mixing 375 ml of 0.75M HCI and 125 ml of 0.25M °

KOH solution. The same rpcedure as stated above ; 7petermination of Lignin Content (Gravimetric
under mercerisation treatment with NaOH treatment was method)

foll . .
ollowed The procedure followed was similar to that used by

Oladele et al. (2010)1L.5 g of the sample was weighed
and72 % HSO, was aded and soaked for 2 hours. 8 %

. o H,SO, solution was later added and the solution was
The cellulose, hemicellulose and lignin contents (?f therefluxed for four (4) hours. The residue was filtered with
fibres were determined using Goering and \BUeSt'S  ,;jing cloth and washed sevetheswith hot water.
method of investigating the Neutral Detergent Fiber A cruciblewasweighed and the sample was scraped into
(NDF) and Acid Detergent Fiber (ADF) (Goering and j; The hydrolyzed sample was then oven dried at 105 °C
Van Soest, 1991; Oladek al, 2010).The masses of ¢, v (2) hours and cooled inside desiccators after
the Neutral Detergent Fibre (NDF), Acid Detergent yhich the weight was taken. The dried sample was next
Fibre (ADF) and Acid Detergent Lignin (ADLwere  gqheq in the muffle furnace at 550 °C for three (3) hours
obtained and used to determine tinicelluloses and - after which it wascooled inside the desiccators and

cellulose contents. Lignin content was determined ”Si”QinaIIy reweighed. The % Lignin computed using the

2.4 Determination of Fibre Fractions/ Proximate
Analysis

thegravimetric method. relation:

o , Wo— W
2.5Determination of Neutral Detergent Fibre (NDF) %Lignin = X 100 3
The fibre samples were dried and ground into about W,

1mm diamete using (porcelair) laboratorymortar.1 g Where:

of air dried ground sample was taken and placed into a  \y, = weight of the ash sample + crucible,

beaker of refluxing apparatus. 100 ml of neutral W, = weight ofthe oven dried sample +crucible

detergent solution and about 0.5 g of Sodium Sulphite  Ws = weight of dried extractive free sample i.e. NDF
solution was then added. It was then heated to boiling residue.

and refluxed for 60 mins after the onset of boilifige The percentage Lignin content is also known as the
samples were theriltered into a preweighed crucible  Acid Detergent Lignir{ADL).

and washed thrice with boiling water and then twice

with acetone, dried for 8 hours at 105 °C and cooled in &.8 Determination of Cellulose content

desiccator. The crucible was then finally reweighed andrhe cellulose content of each fibre was determined using

the Neutral detergent fibre was computed using the relation
Wo— W %Cellulose = ADFADL (@)
%NDF= — X 100 (1)
Ws 2.9 Determination of HemicellulosesContent
Where; . . .
W, = weight of empty crucible, Hemu;elluloses content was determined by using the
W, = weight of crucible+ weight of residue, equation
W; = weight of dry sample. %Hemicelluloses = NDIADF (5)
2.6 Determination of Acid Detergent Fibre (ADF) 2.10Tensile Testing

The procedure is similar to that followed in determining Tensile tests were performed on the plant fibres
NDF. That is, theresidue after NDF determination was according to ASTM B638. An Instron Universal tensile
taken and placed into a beaker of the refluxingtesting machine model 3369 made from Instron
apparatus. 100ml of ati detergent solution IncorporatedUSA was used. The machine applied 50
(detergent+dil. BSO,) was then added. The mixture was KN at a crosshead speed of 20 mm/min. Two specimens
also heated to boiling and refluxed for 60mins after thewere tested from each sample after which the average
onset of boiling, filtered into prereighed crucibles and was talen as the representative vaue
washed thrice with boiling water and then twice with
cold acetonelt was next dried for 8 hours at 105 °C, left 3. Resultsand Discussion
to cool in a dessicator and finally reweighed. The ADF 3 1 Eftacts of Chemical Treatment on Compositin of
was then determined using the relation; Treated and Untreated Fibres
Wo— W, The results of the proximate analysis of the treated fibres
%ADF= —— X100 @ are presented in Tables 4 and 3As shown inTable 1
Ws andFigure 1, alkali treatment with both KOH and NaOH
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significantly improved the cellulose contewf the acidslike HCI and HSQO, on cellulose has been widely
resulting banana fibres from about 25.51 to 34.24 andeported. Both the blend dfiCl + KOH and HCI +
46.46%, respectively. Treatment with NaOH performed NaOH solutions actull contain the respective chloride
best in this respect. This effect has been reported bysalts of the alkalisKCl and NaCl in an excess of the
Oladele et al.,, (2010) and can be attributed to theaespective acids. Hse excesacids areresponsible for
removal of the pectins, waxes alighin from the fibore  the significant reduction in cellulose content of the
surface aseported by Xue et al. (2007)Jayabal, et al. banana fibres.

(2012) andSgriccia (2008). The hydrolysis effect of

Table 1: Proximate analysis results for the treated and untreated banana fibres

KOH NaOH HCI+KOH HCI+NaOH
Constituent (%) Untreated Treated treated treated Treated
Cellulose 25.51 34.24 46.46 9.12 24.56
Hemicellulose 2.13 5.82 7.43 2.60 11.9
Lignin 42.50 2.72 5.82 59.38 44.12

Table 2: Proximate analysis results for the treated and untreated plantain fibres

KOH NaOH HCI+KOH HCI+NaOH
Constituent (%) Untreated Treated treated treated Treated
Cellulose 24.82 2.61 36.87 3.69 10.82
Hemicellulose 12.88 121 22.19 2.01 3.94
Lignin 15.56 55.82 17.68 46.42 36.60

Table 3: Proximate analysis results for the treated and untreated coconut fibres

KOH NaOH HCI+KOH HCI+NaOH
Constituent (%) Untreated Treated treated treated Treated
Cellulose 15.8 22.58 4.37 35.77 10.86
Hemicellulose 0.44 55 38.8 9.53 6.46
Lignin 56.94 33.84 51.04 40.88 74.96

Table 4: Proximate analysis results for the treated and untreated sisal fibres

KOH NaOH HCI+KOH HCI+NaOH
Constituent (%) Untreated Treated treated treated Treated
Cellulose 4.68 30.16 1.83 0.57 1.74
Hemicellulose 43.88 48.97 45.97 62.91 50.34
Lignin 30.92 1.05 31.16 19.82 29.72

3.1.1 Effect of chemical treatments on the

i Constiusnts constituents of banana fibres
50 B Celiulase The delignification effect of the alkalis (NaOH and
L R, KOH) may be responsible for the apparent increase in
R A hemicelluloses content from 2.13 % for the untreated
* s fibres to 5.82 % and 7.43 % for the KOH and NaOH
LD I_ L treated banana fibres respectively. Rathlean the
. reduction reported bylLacerda et al. (2012 and ;
- & & o & Safinas et al(2013) the use oHCI + KOH and HCI +
& F ;&'} & & chemical Treammenss NaOH treatments seemed to increase the heimicses
A - ﬁf & content of the banana fibres to 2.6 % and 11.9 %

respectively. Althoughthis may be due téactorslike

Figure 1: The proximate constituents of treated and untreated @Cid concentratioor possible inhibition by the dissolved
Banana fibres salt ions It may also be attributed to the concurrent

hydrolysis of the cellulosby the excess acid, which also


http://www.sciencedirect.com/science/article/pii/S0144861712010582#bib0100
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takes place during the process as confirmed by thé&emicelluloses content significant to 1.21 %. In addition,

reduction in cellulose content. the hemicelluloses in plantain fibores showed similar
Recent studies by Oladele et. §2014) which response but less stability to attack by the acidified salt

indicatethat alkali treatment reduces the lignin contentsolutions (HCI + KCIl and HCI + NaCl from HCI + KOH

of natural fibres holds good for bema fibres as shown and HCI + NaOH treatments respectively) or aHealid

by the reduction in lignin content from 56.94% to mixtures. Hemicelluloses content was reduced from

51.04% and 33.84% for the 1 M NaOH and 1 M KOH 12.88 % for the untreated plantain fibres down to 2.01 %

treated fibres respective(geeFigure 3. As reported by  and 3.94 % for the HCI + KOH and HCI + NaOH treated

Oladele et al. (2010), KOH performed better in this fibres respectively.

respect. The expected delignification effects of KOH and All the treatments led to an increase in lignin

NaOH are nofevident in the HCI + KOH and HCI + content. Only NaOH treatment gave marginal increase

NaOH treatments. This is because on mixing bothwhich causes it to appear to be the best treatment.

solutions, the alkalis are completely neutralised into the

normal salts (KCl and NaCl) which are dissolved in an3.1.3 Effects of chemical treatments on constituents of

excess of the acid coconut fibres

Natural fibres are composites in which the lignin consideing the alkaline treatments, Tablead Figure
serves as matrix while the cellulose serves as3 KOH treatment led to the expected increase in
reinforcement. Chemical treatments are usually carrie¢g||ylose content from 15.8% to 22.58%hereas NaOH
out to modify the surface conditions of the fibers so as tqreatment caused it to reduce. However, treatment with
be able to ensure proper adhesion betwiere and  Hc| + KOH causes an increase that is up to 35. Zahet

matrix. This is achieved by the removal of the was observed to be the best treatment for the
deleterious constituents like lignin and hemicellulosesgnnancement of the cellulose content of the fibres.
while retaining cellulose. The cellulose was the main

constituent that enhances the strength of the fibre -

engineering application (Oladekt al, 2010).Besides . constituents

the treatmentswill prevent the fibers from being m o Cdiadin

susceptible to fungi attack. e PR

E &

3.1.2 Effects of chemical treatments on constituents of Fuw -
plantain fibres 1 B l_ B

As can be deduced from Table 2 and Figure 2, plant: f » 2 .

fibres reacted quite differently from banana fibres whe o & ;‘f u;-"p ,_-a?.“b':ht'ﬂll:llTlmh'nmh

subjected to similar chemical treatments. Only NaO & Q:\;:i‘" &

treatment significantly increased the cellulose conte {' ﬂ;‘}‘{' ~!?-‘f"'

from 24.82 % to 36.87 % (a lesser extent than w *

obtained in the case of banana fibres) whereas KOHFigure 3: The constituents of treated and untreated coconut fibres
treatment led to a reduction.

Just as with plantain fibres, coconut fibres showed

Caratituents different responset® alkali or mercerization treatment.
G All the treatments increased the hemicelluloses content
W i) o of the coconut fibres, with NaOH treatment having a
%’It Wiemiceliee significantly greater effect as shown in Figure 3. This
E i i Ligrin can result from the reduction in cellulose contenvak
10 L as the delignification influence of the alkalis. All the
: - - I- treatments except HCI + NaOH led to the delignification
& & J B B effect. The best reduction was achieved from alkali
&£ & treatment as evident in Figure 3 in which the lignin
LY 3 k.{f b SakiliRaune content reduced from 56.94 % to 33.84 % for the KOH
& e treatment.
Figure 2: Tthe constituents of the treated and untreated plantain

3.1.4 Effects of chemical treatments on constituents of
sisal fibres
Table 4 and Figure 4 give the results of the analysis for
A similar situation to the cellulose response playedthe sisal fibre constituentszor cellulose, only KOH
out in the response of the hemicelluloses in plantainreatment gave improvement comge to the untreated
fibres to similar chemical teements as those from fibre from 4.68 to 30.16 % respectively. Based on the
banana. Treatment with KOH also reduced thereasons stated above, the hemicellulose content was

fibres
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increagd by the chemical treatmenfBhe lignin was
drastically reduced by KOH and HCI+KOH treatments
from 30.92 to 1.05 and 182 % respectively. This shows

that KOH treatment is responsible for the reduction smcitAS shown in Table %nd Figure 5, all the chemical

the best results are coming from the treatment with thi
chemical compared to NaOH.

i Canstiuent
e | T T PN
E Ir: B Koz bl

i * J Lignin
= :

10

il -

& I
o .g"z‘é .:f!}b N Ja-““ Chemical Treatmests
LA R
& a

Figure 4: The constituent of treated and untreated sisal fibres

3.2 Effect of Chemical Treatment on the Tensile
Properties of Agro-fibers

3.2.1 Effects on tensile strengths of banana fibres

reatments improved the tensipeopertiesstrengths of
thebanana fibers. This is because these treatments in one
way or the other, contributed to the removal of the
unwanted constituents such as pectin, waxes, lignin and
hemicelluloses. Delignification frees up the cellulose
fibres to be able to stretch with less inhibition and
hydrolysis of the hemicellulose further aids this effect.
The hydrolyzing effect of HCI treatment on amorphous
cellulose can also be responsible for the increased
strengths in the HCI + KOH and HCI + NaOH treated
bananafibers, as this crystalline cellulosgare able to
align and stretch along the stressing axis. KOH treatment
gavethe best performance in this respethe sample
treated with 1 M KOH pvided the best result with a
value of 0.27 MPa compared to the untreated fibre with
a value of 0.04 MPa.

Table 5: Ultimate tensile stresses withstood by the treated and untreated fibres

Fiber Ultimate tensile stress after treatments (MPa)
Untreated KOH treated NaOH treated HCI+KOH treated = HCI+NaOH treated
Banana 0.03672 0.27102 0.20071 0.19096 0.09039
Plantain 0.10896 0.17769 0.107955 0.06245 0.03719
Coconut 0.49927 0.5472 0.535 0.60184 0.68646
Sisal 0.65467 0.5843 0.81268 0.34807 0.38353
Table 6: Strain at maximum tensile stress for the treated and untreated fibres
Fiber Tensile strain at maximutensile stress (%)
Untreated KOH treated NaOH treated HCI+KOH treated HCI+NaOH treated
Banana 0.8333 9.25 4.5 4.583 3.332
Plantain 1.583 2.667 2.417 1.333 2.417
Coconut 58.084 36.75 53.667 56.417 52.417
Sisal 5.083 8.833 9.333 3.917 5.500
0= available for proper bonding between the fibre and the
u:fme matrix when use as reinforcement material for composite
z ™ development.
£ Fiber Type
0z faman: . . .
g i ) 3.2.2 Effects on tensile strength of Plantain fibres
= B FmEn . . .
203 SR Considering the effects of the treatment oa thnsile
=] [igikel] . .
i . L L strength of plantain fibers, only KOH treatment
- | | ] A - . -
E = il _ B o marginally enhanced the tensile strength of the plantain
= Jraresked  KOH MaOH  HCWECH HCla0s fibres from 0.11 for the untreated to 0.18 MPa for KOH

Treplad Erpgalad Irdcaled 1ealad

Cramical Treatments

Figure 5: Variation of Ultimate Tensile Strength of the selected
agro fibres in both Treated and Untreated Conditions

treated fibre. This may be because the lignin content was
increased while the cellulose content greatly reduced by
this treatment. Increase in lignin content might infer
better stress transfer due to proper binding effect of the
residual lignin  matrix that prevents excessive

The other interesting thing about the performance ofdefibrillation of the cellulose fibrils. This aided their
these chemical treatments was that the fibre surfaces wifitretchng and load distribution and thereby contributed

be roughened theby making the surface readily

to tensile strength improvement.
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However, the removed cellulose fraction might be experienced the highest strains of 9.25 % which can be
the crystalline form which would definitely reduce the deduced as the main reason why this sample possess the
tensile strength since the untreated fibres contain moréest tensile strength property. The reasons for this is as
of these. The presence of lignimakes it an unsuitable explained concerning the effects of chemical treatment
reinforcement material due to the smoothness of then the tensile strengths bénana fibers.
surface A smooth surface will not allow proper bonding
between fibre and matrix. One of the reasons chenr’
treatment is being carried out was to achiaveugh
surface for the fibre which will aid proper bondir
between the fibre and the ftri@ in composite
development

(5 [rad s
E= E=4 =

Pl Ty

B Eimana

L

3.2.3 Effect on tensile strength of Coconut fibres

The results showed that all the chemical treatme
improved the tensile strengths oktlcoonut fibres as
shown in Figure 5Treatment with the blend of 1 M HC
+ NaOH gave the best performance with a value of C
MPa compared to the untreated fibre with a value
0.50 MPa. This might be due to the increased hydrol: Cleairion) Ths Spfeucy

of amorphous cellulose fibrils (Onyeagoro, 2012) and Figure 6: The strains experienced by the treated and untreated
the presence of more crystalline cellulose which has fibres at the ultimate tensile strengths

better tensile strengths than amorphous cellulose.
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3.2.4 Effect on tensile strength of Sisal fibres 3.3.2 Effects on strains at ultimate tensile stress of

The results of the tensile strength property for sisal fiore ~ Plantain fibres
shows that only mercerization with 1 M NaOH solution Figure 6showed thafplantain fbres had lower tensile
significantly improved the tensile strength of the sisalstrains than banana fibres. Almost all the treatments also
fibres from 0.66 to 0.81 MPa for the untreated andshowed improved tensile strains from 1.58 to 2.67 % for
NaOH treated sisal fibres respectively. All the otherthe untreated and KOH treated fibres respectively. This
treatment procedures investigated reduced timsiléee result is also in agreement with results from tensile stress
strength of the sisal fibres. This can be attributed to theand strain above for banana and plantain.
effective cleaning and delignification property of NaOH
solution on the sisal fibres. 3.3.3 Effect on strains at ultimate tensile stress of

Except for the coconut fibre which showed the best coconut fibres
enhancement in tensile strengths with synergistical| the treatment procedures reduced the strains
treatments, the response of other fibres to the chemicalyperienced by the coconut fibres before their tensile
treatment showed that alkali treatments with KOH andgsirengths were reached dugitesting. This can of course
NaOH respectively were acceptable. However, bype attributed to the various effects these treatments had
correlating the tensile strengths performance with thegn the constituents of the coconut fibres. Potassium
chemical treatments, it was noticed that themical  hydroxide treatment increased the cellulose and
treatments have influenced the fibers in different wayspemicellulose contents but reduced the lignin content,
These might be in connection with the interaction thys causingignificant defibrillation of the fibres.
between the fibre constituents and the chemicals. Banana
and plantain thatre of the same familyvere observed 3 3 4 Effects on the strain at ultimate tensile strengths
to be highly enhanced by KOlteatment while sisal of Sisal fibres

fibre was highly enhanced by NaOH treatment. The results in Figure 6show that the treatments

increased the strains and extension ability of the sisal
fibres. The highest strain enhancement of more than 9 %
was obtained withtreatmentusing 1M NaOH solution.
] ) . This was also in agreement with the result from tensile
3.3.1 Effectson the strain at ultimate tensile strength strength where the same chemical treatment aids the
of banana fibres best performance.
The straingexperienced up till maximum tensile stresses Natural fibers with good tensile properties are
were reached for each fibrAs can be deduced from potential material for reinforcement in composites
Table 6 and Figure ,6all the chemical treatment development with short or long strand. A very good
procedures had similar effect on tensile straiosthe  knowledge about these will aid in the selection of the
banandfibres and in this case, KOH treated fibrésoa appropriate materials and production process.

3.3 Effect of Chemical Treatment on $rain at
Maximum Tensile Sressof Agro-fibers
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5. Conclusion Dhanalakshmi, S., Ramadevi, P., Basavaraju, B. and Sriniva, C
(2012), “Effect of esterification on moisture absorption of single

This work has been Succesmlcamed out to Abaca Hbre”, International Journal of Agriculture Scienges

investigate the best treatment for the selected-filgeos Vol. 4, No. 4, pp. 22229

as potential reinforcement materials for the developmentidelis, C., Piwai, Shoko, Benias, C., Nyamundaabd Mambo,
of environmental friendly materials. From theeash, M. (2013), “Maize talk as reinforcement in natural rubber
it was established that: composites”International Journal of scientific research and

. technologyVol. 2,No.6, p. 1-5.
1) All the chemical treatment proceesr had great Goering, H. K. and Van Soest, P. J. (1991), “Forage fiber analysis,

influgnce on_the const@tuents of the fibres and the apparatus, reagents, procedures and some applicatl85A
ensuing tensile properties. Alkaline treatments were Agricultwal Research Service, Handbodo.379.

best for the constituents and surface modification ofGovardan, G. and Rao, R. N. (2011), “Effect of fibre content and
these selected fiberstreatment of banana and alkali treatment on mechanical properties of Roystonea-regia
plantain with 1 molar solution of KOBave the best reinforced epoxy partially biodegradable compositBsilletin of

. . . Material ScienceVol. 34, No. 7, pp.1578.581
output while treatment with 1 molar solution of Huda, M. S., Drzal, L.T., Mohanty, A.K. and Mistal. (2008),

NaOH gave the best result for sisal fibre. Coconut «gtfect of fiber surfacareatments on the properties of laminated

fibre shows the most positive response to synergistic biocomposites from polylactic acid) (PLA) and kenaf fibers”

treatment in which the blend of HCl and NaOH as Composites Science and Technologyl.68, No.2, p.424432

well as HCl and KOH gave the best resulisal ~ Jayabal, S. Sathiyamurthy, S., Loganathan, T. and
fibre possesses the overall best tensile strengthKayanasundaram, S. (2012), “Effect of soaking time and

foll db t fibreAll t t fib concentration of NaOH solution on mechanical properties of
oflowed by coconut TIreAll except coconut TIbre — ¢qi_yo1yester compositesBulletin of Material Sciencevol.35,

had their tensile strain at maximum tensile strength No.4, pp.567574

increased by some of the chemical treatments. John, M. J. and Anandijiwala, R. D. (2008), “Recent developments
2) One objective was to compatiee tensile sength in chemical modification andharacerisation of natural fiber

propertiesof banana anglantain,being plants from reinforced composites”’Polymer CompositesvVol. 29, No. 2,

; ; ’ pp.187207.
the same family. Ivas discovered that banana fibre Lacerda, T. M., de Paula, M. P., Zambon, M. D. and Frollini, E.

possesses higher strength than plantain fibre. .It_ was (2012), “Saccharification of Brazilian sisal pulp: Evaating the
found that at both treated and untreated conditions, impact of mercerization on némydrolyzed pulp and hydrolysis
banana maintains higher strength than plantain products”,Cellulose Polymersvol. 19, p. 351360

despite the fact that the plants look alikEhis LarssonBrelid, P., Walinder, M.E.P., Westin, M. and Rowell,

shows that theirconstituents differ R.M. (2008), “Ecobuild- A center for development of fully

: biobased material systems and furniture applicatiddlecular
3) The work has further substantiated the fact that CrystalsandLiquid Crystals Vol.484, No.1, p.623 630

chemical treatments can enhance the tensilg; x Tapi LG, Panigrahi, S. and Crerar, W.J. (2009)hé
properties of agro fibres targeted for use as influence offiber content on properties of injectionatded flax
reinforcemen in polymer composites development fiberHDPE biocomposites’Canadian Biosystems Engineering,
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enhanced re_latlve to th_elr |nd|v[dual untreated biocomposites: An overviewComposite Interface®/ol.8, No.5,
counterparts in the followingrder: sisal, coconut, pp. 313343
banana and phtain Mohd, Y., H., Mohd, N., R., Azriszul, M., Amin, Ahmad, M., A.,
Z. and Saparudin, A. (2012), “Mercerization treatment parameter
effect on natural fiber reinforced polymer matrix composite: A
References: brief review”, World Academy of Science, Engineeriagd
Anselm, O. and Afiukwa, N. J. (2007), “Characterisation and TechnologyVol.6, No.1, pp.i7
comparison of mechanical properties of agro fibre filled High Oladele, 1.O. and Adewuyi, B.O. (2008), “Development of
Density Polyethylene bioomposites”Journal of Reinforced automobile gaskets from locabfes”, Journal of Science and
Plastics and Composite¥0l.33, No.1, pp. 376. TechnologyVol.28, No.3pp.152158
Bouza, R., Lasagabaster, A., Abad, M.J. and Barral, L. (2008)Oladele, 1.0., Oluyemi, O.O., Solomon, F. (2014kffect of
“Effects of vinyltrimethoxysilane on thermal properties and chemical treatment on theethanicalproperties of isal fiore

dynamic mechanical properties of polypropyleveod flour reinforced plyestercomposites; Leonardo Electronic Journal
composites”, Journal of Applied Polymer Scienc&/ol.109, of Practices and Technologiegol.24, [p.1-12
No.2, pp.11971204 Oladele, 1.0., Omotoyinbo, J.A. and Adewara, .3.0(2010),

Brigida, 1.S., Calado, M.A., Gongalves, R.B. and Coelho, M.A.z. ‘Investigating the #ect of chemical treatment on the
(2010), “Effect of chemical treatments on properties of green constituents andensile properties ofsisal fbre”, Journal of
coconut fiber” Carbohydrate Polymers/ol. 79, pp. 832838 Minerals andMaterials Characterizatiorand Engineering Vol.

Chang, W.P., Kim, K.J. and Gupta, R.K. (2009), “Moisture 9, N0.6, pp569-582
absorption behavior of wood/plastic composites made with Onyeagoro, G.N. (2012), “Effect of chemical treatment on the
ultrasoundassisted alkalireated woodparticulates”,Composite constituents and tensile properties of oil palm leaf fibre”,
Interfaces Vol.16, No.7, pp. 937951 Academic Research Internationol.2, No. 3, p. 8898

Dhakal, H., Zhang, Y. and Richardson, M. (2007), “Effect of water Safinas, A.S., Azhar, A. and Hanafi(2013), “Roperties okenaf
absorption on the mechanical propertésiemp fibre reinforced bast powdeffilled high density plyethylene/ethylenepropylene
unsaturated polyester compositessomposites Science and  diene nonomer composites”,Journal of BioResources/ol.3,
TechnologyVol. 67, pp. 1674683 No. 2, p. 2386



1.0. Oladele et al.: Infience of Chemical Treatment on the Constituents and Tensile Properties of SgjectEibres 12

Sgriccia, N., Hawley, M.C. and Mishra, M. (2008), and has published in both local and international journals and
“Charactersation of natural fiber surfaces and natural fiber conference proceedings in this area

composites”, Composites - Part A: Applied Science and . .
Manufacturing Vol. 41, No. 39, pp.1681637. Michael Seun OMOKAFE is a graduate of the Department of

Tungjitpornkull, S. and Sombatsompop, (R009), ‘Processing  Metallurgical and Materials Engineering, Federal University of
technique and fibre orientation angle affecting thechanical | echnology, Rure, Ondo State, Nigeria. Heiisvolved innatural
properties ofe-glassreinforced wood/PVC amposites”Journal fibre reinforced polymer matrix composites research and
of Materials Processing Technolagyol. 209, pp. 3078088 development

Xue, L., Lope, G., Tabil and Satyanarayan, P. (2007), “Chemicahoseph Sunday OLUSEGUN holds a Master's Degreein

treatments of natural fiber fouse in natural fiberreinforced — Chemistry from the Department of Industrial Chemistry, Federal
composites: A review”, Journal of Polymer Environment ynjversity of Technogy, Akure. He is a Technologist in the

Vol.15, p.2533. Corrosion Laboratory of the Department of Metallurgical and
Materials Engineering, Federal University of Technology, Akure,
Authors’ Biographical Notes: Ondo State, Nigeria

Isiaka Oluwole OLADELE obtained Masters and PhD in the
area of natural fibre reinforced polymer composites in the
Department of Metallurgical and Materials Engineering, Federal ®
University of Technology, Akure, Ondo State, Nigeria. Dr. Oladele
has supervised many undergraduates past graduates research



M. NathaiBalkissoon andK.F. Pun: Factor Analysis of Elements Influencing Occupational Safety and Health Management System Devielopme 13
Trinidad and Tobago

ISSN 0511-5728

The West Indian Journal of Engineering
Vol.38, No.2, January 2016, 413-23

Factor Analysis of Elements Influencing Occupational Safety and Health
Management System Development in Trinidad and Tobago

Marcia NathaiBalkissoor?*, andKit Fai Pun®

#Department of Management Studies, The University of the West Indiesyditstine, Trinidad and Tobago, West Indiesméil:
mnbalkissoon@gmail.com

®Department of Mechanical and Manufacturing Engineering, The University @iéiseIndies, St. Augustine, Trinidad and Tohago
West Indies; Email: KitFai.Pun@ @sta.uwi.edu

¥ Correspondig Author
(Receivedl9 May 2015; Revised22 August2015; Accepted?1 September 2(8)

Abstract: It is increasingly important that organisations focus on occupational safety aith {©SH) to enhance their
competitive edge. In Trinidad and Tobago (T&T§ BSH Act aimtoreduee risk levels through development of safe systems
of work. This paper reports on factor analysis conducted upon a recent survey of Occup8tfetsl and Health
Management System (OSHMS) implementation in the manufacturing &eE&r. The survey targeteagroup of 40 small

and mediunsized manufacturing enterprises (SMESs). It explored the factors influen&8h/S development from among
22 elements. It was found that two overarching factors correlatefisgmily to OSHMS implementation in SMEs. Factor 1
“Safety Structure and Practi¢gesconsisted of 11 OSHMS elements in two groups (“OSH Oversight” and “OSH
Arrangements”) with factor loadings ranging between 0.599 and 0.876. Factém@rovement Drivers consisted of 4
OSHMS ements with factor loadings ranging between 0.805 and 0.846. The remaining 7 elemergbmveated during

the course of the analysis due to low correlation or low communality of elements, or-ldawlitg on factors. The paper
puts forward that govement and industrysupported systems could be critical aids to promote collaboration among SMEs
and help them to set up their own formal OSHMS

Keywords: OSH Act, Factor Analysis, Occupational Safety and Health Management SyStidiiSO

1. Introduction OSHMS development in the manufacturing seutibh a

Recent studies advocatee importance of safety and focus on SMEs in T&T. . _

health practices that promote economic wellbeing and  This paper hadive (5) sections. Following the
productivity for both businesses and nations (Abdupntroducnoq, a Literature Review is prese_nted |n.Sect|.on
Raouf, 2004; Hawkins and Booth, 1998; ILO, 2001;2- An outline of the study approach is provided in
Law et al., 2006). In Trinidad and Tobago (T&T)ore  Section 3In Section 4the various stages of analysis are
focus is being placed on developing and growing thedesqr!bed|deal valges of constants are comp_ared to the
manufacturing sector so as to diversify its economy.empirically determined valuesind further actions are
This sector consists mainly of small and mediumrationalised. The paper concludes in Sect®rwith
enterprises (SMEs). The Occupational, Safety andecommendations based on the findings of the research.
Health (OSH)Act encourages micrenterprises to dve ) )

OSH systems in place, but they are not mandated tc?- Literature Review

maintain much documentation or evdmve OSH There is, to a large extent, camence on good safety
Committees or policies. Howeven the case of larger management practices around the worfhr many
organisations, the OSH Act does require more formalyears the UK’s Health and Safety Executive (HSE)
documented systems (GORTT, 2004). At presens it using the POPMAR approach, recommgnthat

not known to what extent T&T manufacturing OSHMS development and implementation include
companies whichhave installed OSH Management setting policy for OSH, organising staff, planning for
Systems (OSHMSare in compliancavith the OSH Act, health and safetymeasuringOSH performance, and
as data and statistics have not been publicly publishedievising asystem audit and review activities (HSE,
There isthereforea need to evaluate the extent toischh  n.d.). Since 2013, the HSE (2013) has aligned its
OSHMS implementation has been effected inrecommendations with the ‘Plan, Do, Check, Act
compliance with the OSH Act. This paper reports (PDCA) approach, pointing out that OSH managemen
findings of a recent survey of OSHMS implementation, systems should be integrated within companies’ overall
and identifies the main factors that contribute to the management systems and rolled out in accordance with
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each individual company’s risk profile. In addition to version of the survey was developed within the Survey
this overarching recommendation, the HSE makesMonkey online survey programme, and disseminated
several guidelines and templates freely ladé to its  using a weHink. The web-link was sent to the sample
stakeholders via its website. The ANSI/AIHA (2005) population via email, along with a message explaining
OSHMS standard seems strongly aligned with thisthe survey purpose, giving assurance of crftiality,
approach as well. describing theapproach to data treatment and requesting

Commonly recommended OSH elements includecompletion of the survey online.
developing an OSH policy, providing OSH training, The survey was distributed to 100 SMEs within the
setting OSH rules and regulationsperforming  manufacturing industry. Attempts were made to increase
inspections for hazardous conditions, performing jobthe response rates of potential respondentsaigeting
hazard analysis, conducting investigations of accidentpersons who were safety or engineering practitioners.
and incidents, establishing programmes promoting OSHThe representatives all had technical backgrounds and
establishing programmes to protect employee health antleld some responsibility for safety performance in their
well-being, managing subntractors, and establishing companies. If they did not consider themselseiable
programmes to plan for emergencies (Nathai to complet the surveythey were asked to forward the
Balkissoon, Pun, and KoprmBeharry, 2012). Teo and survey tothe appreriate person for completior&fforts
Ling (2006) also called for the use of team meetingswere also made to contact respondents through
proper equipment maintenance, control of hazardougrofessional networks such as LinkedIn, obtain direct
materials, and safe work ptaes Chan, Kwok, and email addresses rather than those of administrative
Duffy (2004) support the development of OSH assistants, andend reminder messages a few weeks
organisatiorelementsincluding a safety committee, as later in the survey process. Valid completed
well as OSH arrangements including programmes forquestionnaires were obtained from a total of 40
procesontrol and personal protection. respondents.

T&T’'s OSH Act (GORTT, 2004; 2008equiresthe
following to be included with an OSHMS: OSH policy, 3.2 Analysis Method

safety information, instruction, training, and supervision, quantitative analysis of multivariate data may be done
risk _assessments, accident investigation, healtfhsing a range of techniques, includifagtor analysis
surveillance, measures to protect the safety, health angq principal components analysis, multiple regression,
welfare of employees and nempbyees, emergency mytiple discriminant analysis, canonical correlation,
preparedness, employee consultation and functioning ofariance and covariance multivariate analysis, conjoint
a safety committee in larger organisations, hazardougnawsis' cluster analysis, perceptual mapping,
material management, personal protective equipmentgrrespondence analysis, and structural equation
and devices, safe work systems and practices, incIudingmde”ing (Hair et al., 2010)If there are many

safeguarding of machinery. The challenge with the.T&Tindependent variables which may help a phenomenon to
OSH Act is that implementation of some elements is lefthe  more easily understood by grouping them into
to the discretion of the company. The likelihood that gimensions of similarity, then factor analysis is likely to
manufacturing organisations will place a high priority on pe yseful (Hair et al., 2010). Factor analysis can help
OSHMS development is lowered because there is littlgyith poth the identification of variables that correlate

enfacement by T&T's OSH Authority and Agency, yith one another, and with the identification of variables
OSHA (NathaiBalkissoon, 2011). It is difficult to assess nat are fairly independent of one another.

the state of OSHMS implementation across the industry  Tpis paper presents the findings at the various
sectors within T&T, since there is a paucity of pubhshedstages of the factor analysis performed on the 22 survey

and publicly available data on the subject. items that evaluated the extent of the company’s
implementation of OSHMS. A total of 40 complete

3. Methodology responses were received. While it is usually

3.1Survey Instrument and Administration recommended that sample size exceed 50 for a factor

A survey questionnaire was developed, with reference t@nalysis to be pesfmed, given the difficulty
the OSH Act content. Dataresented in this paper, were €xperienced in obtaining further survey responses from
sourced from the section of the survey that evaluated théhe field, the choice was made to conduct an initial
extent to which OSHMS elemts had been €xploratory factor analysisAccording to de Winter,
implemented. Table 1 shows the survey question and theodou, and Wieringa (2009), sample sizes of less than
22 items that were the focus of this factor analysis, alongQ are capable of yielding acceptable factor loada®s
with the 5point Likert scale and rating values used in 10Ng a@s highcommunality values, a highnumber of
coding the data. observed variables, and a low number of factors

For the convenienceof respondentsan electronic ~ characterise the undertaking.
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Table 1. Survey Questionnaire Items

To what extent do you agree that the following elements are properly addressed at your company?

No. Iltem Rating
1 There is a safety and health committee SD D N ASA
2 There is a documented safety policy SD D N ASA
There is a dedicated safety officer, safety practitioner, or other person hired or contracted with specific responsibility to
3 o - SD D N ASA
fulfil this function
4 Top managers know the requirements of the OSH Act, and are committed to complying with them through planning, SD D N ASA
resource allocation, and provision of support
Employees know the requirements of the OSH Act and play an active role in developing and improving elements of the
5 SD D N ASA
safety management system
6 The company identifies hazards, assesses risk levels, and implements action plans to prevent and control these hazardsSD D N A SA
7 The safety of at-risk persons have been considered, including pregnant or nursing females, young persons, and non- SD D N ASA
employees
8 There are checks in place to ensure contractor safety performance, when contractors perform duties at, or for, your SD D N A SA
company
9 Hazardous chemicals (materials) are properly identified and safely used, handled, stored, transported, and disposedof SD D N A SA
Confined spaces have been identified and precautions have been taken to protect worker safety when accessing
10 . SD D N ASA
confined spaces
11 Emergency plans, fire safety arrangements, and safe access and egress points have been established SD D N ASA
12 Proper safeguards (e.g. guards, fencing on equipment) are in place SD D N ASA
13 Training, information, instruction, and supervision are provided to ensure employee safety and health SD D N ASA
14 Reporting and investigation of accidents, injuries, and death is consistently done SDD N A SA
15 The company is environmentally responsible SDD N A SA
16 Conditions required to satisfy the OSH Act’s Health requirements have been met SDD N A SA
17 Conditions required to satisfy the OSH Act's Welfare requirements have been met SDD N A SA
18 The company conducts medical examinations of employees SDD N A SA
19 The company practices health surveillance of employees SDD N A SA
20 The OSH Act is posted in the organisation as required SDD N A SA
21 Allinformation, notifications and records are submitted as required by the OSH Act SDD N A SA
22 Protective clothes and devices are supplied to employees in accordance with the OSH Act SDD N A SA

Rating scale (coding value) keySD - strongly disagree (1), Bdisagree (2), N-neither agree nor disagree (3);-Agree (4)SA - strongly agree (5)

For this analysis, three assumptions were madeQSHMS variables by iddifying a smaller number of
namely: variable clusters (Fang et. al, 2004). There are several
e suitable data used in the analysis, with the intentionapproaches to factor analysis which may be used.

of usng appropriate statistical tests to evaluate theprincipal components analys{ffCA) was performed so

sampling adequacy. that the high number of variables could be grouped into
e linearity among variables, with the intenticof summated sdas, i.e. factors (Hair et al., 2010). Using

correcing for  any  nonlinearity  with PCA, the 22 OSHMS elements were structured into

transformations as appropriate. factor groupings in such a way that there would be high
e errors that were uncorrelated with each other. correlations between variables and their respective

The Statistical Package for the Social Sciencedactor, as well as high betweeariable correlations
(SPSS21) computer programme was used to performwithin individual factors (Jolliffe, 2002).
the statistical analysis, with pringp component
analysis selected from within the factor analysis menu3.2.2 Correlation Matrix

setting in that programme. One outcome of PCA was a correlation matrix (see
Table 9 showing the extent to which the variables were
3.2.1 Principal Components Analysis correlatedto each other. Since identification of factors

A total of 22 OSHMS variables were measured. This isdepends on being able group variables into areas of
to determine whether summative scales existed thagommonality (Fields, 2000), variables were expected to
could contribute tounderstanding the extent to which correlate highly with at least one other variable under
OSHMS implementation was achieved within the consideration A correlation lower than 0.3 was
surveyed companies. The analysis method selected w&®nsidered —undesirable as this suggested that
factor analysis, which would help to derive an factorability of thevariable is unlikely (Tabachnick and

understanding of relationships among a large number ofidell, 2007). Any variable having correlation <0.3 with
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other variablegunderlined in Table 2was discarded factors and crosading of variables onto multiple

from further consideration. factors is minimised. Theotated component matrix
could then be used to discern the loadingmadividual
3.2.3 Measures of Sampling Adequacy variables on single factors, and to recognise which

Measures ofsampling dequacy (MSA) wereused to  Vvariables may not fit well into summated factor scales.
determine whether the data being analysedrew IN SPSS, avarimax rotation was selected to minimise the

sufficient to allow valid conclusions to be drawim.  humber of variables loading onto factors and to reduce

SPSS, MSA values were computed for each individuafthe likelihood of smallloadings (Yong and Pearce,
variable under consideration. There was also an overaf013).

MSA evaluation done per iteration gertedawithin the ) .

software. This overall MSA evaluation was located in 3-2.5 Factor Analysis Iterations

the Antilmage Correlation table, and included Kaiser Where measures are out of acceptable bounds for
MeyerOlkin (KMO) and statistical significance values. measures such as correlation, significance, factor
The KMO value is a measure of sampling adequacy foloading, and communality, then further decisiamsre
which Othman and Owen (2001recommend a takento treat with the data. A comon approach to out
minimum value of 0.5. The Bartletttest of sphericity  of-limit measures would be to discard the variable in
looks at the distribution of the data and helps to judgeguestion and to do another iteration within the software.
whether it is adequate and suitable to apply factorn the course of the analysis, a total of 7 variables were
analysis to the data as a test of its multidimensionalitydiscarded for various reasons (correlation <0.3,
(Othman and Owen, 2001). It also includes a measure ddignificance <5, communality <0.5, and crekmding

the significance of the data, which should not exceedf variables onto more than one factor), and a total of 5
0.05 (Fields, 2000). iterations were done before all conditions were met.

3.2.4 Factor Extraction and Factor Rotation 4. Survey Findings and Discussion

The variance table was carefully scrutinised to ensuréccording to Nunnally and Bernstein (1994), the
that an appropriate number of factors were selected foreliability of a surey questionnaire would be considered
extraction. Eigenvalues inform the determination of theas acceptable if the Cronbaglvalue exceeds 0.70. The
number of factors selected in PCA by successivelyCronbachko value for the 22-item scale being analysed
extracting factors in descending order of total variancewas found to be 0.965. Also, every item correlated well
across all variables accounted for by each factowith the rest of the scale (the minimum corrected item
(Moonsamy and Singh, 2014). Omay either look at a total correlationvalue was 0.546) and it was observed
scree plot to see where the scree curve flattens off, thuthat trere was ndoenefitto deleting any item from the
indicating the point from which additional factors have scale, as such alteration of the instrument would only
reduced influence on the dependent variable, or asause the o value to rise by a maximum of 0.001
Kaiser (1960) recommerdone may choose the number (negligible). Therefore, results showed that all items
of factors for wich eigenvalues are greater than 1.000.correlated well within the scale, and the sursegle had
For this study SPSS was instructed to extract factorsvery strong inteitem consistency.
corresponding to eigenvalues greater than 1.000. Hair et
al. (2010) suggest that when factors are extracted, thei4.1 Data Factorability and Sampling Adequacy
combined variances should not be less than B08tder  Tapachnick and Fidell (2007) advise that, before
to derive a meaningful factor relationship. _ performing a factor analysis, the data must be evaluated
When factors were extracted, item communality for syitability in terms of its factorability and the
(extraction) values were alsodetermined. High  samping adequacy using Bartlett's test of sphericity and
communality of a variable is desirable because itihe KaiserMeyerOlkin (KMO) measures of sampling
indicates that the proposed factors of the model explain ggequacy. Factor analysis is considered an appropriate
high portion of the variance of the variable. According 10 method once Bartlett's test is significant to the level of
Moonsamy and Singh (2014), if communality exceedsp<g o5, while the KMO value should eminimum of
1.000, the solution is invalid and there is likely to be g g to support a good factor analysis. SPSS evaluation of
either too small a sample or an unacceptable number ghe data yieled a KMO value of 0.811, and a
factors. For the purpose of thisudy, an extracted gjgnificance of 0.000 From this, the datawere

communality of > 0.5was sought per variable. considered adequate for use, and able to be used to
Additionally, when two or more factors are perform factor analysis.

extracted, the component matrix is unsuited to
evaluating relationships among variables, since it iS4 2 Factor Analysis: Initial Iteration

likely to find considerable occurrence of crésading The initial factor analysis was performed on all 22

onto more than one factor. By rotating the component . .
matrix, variable loadings are maximised onto singlee'emems'AS shown in Table 220 of the 22 variables
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Table 2.Correlation Matrix for the Initial 22 Elements
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OSH Cmttee exists 1.000 25| .800 464 456 541 573 644 581 624 548 507 476 | 486 | .435| 424 | 501 | .521| .372 607

Doc'd SPol exists 1.000| .863| .553 | .455| .738| .667| .680| .727| .709| .786| .713| .602| .625| .481| .620| .699 | .543| .465

Dedic'd SLead exists 1.000 | .479| .410| .684| .603| .716| .570| .629| .669| .464| .512| .527| .305| .605| .644| .413

Top mgmt committment 1.000 | .712| .496| .532| .646| .663| .524| .560| .507 | .713| .702| .510| .680| .663 | .289

Employee participation 1.000 | .486 | .505| .654| .496 | .463| .522| .372| .695| .665| .479| .610| .563 | .298

Risk Assessments done 1.000| .682| .812| .631| .767| .818| .611| .667 | .718 | .347| .654| .666 | .365

At-risk grps considered 1.000 | .648| .693| .598 | .700| .578 | .508 | .510| .417| .578| .666 | .417

Contractor safety checks 1.000| .639| .768| .774| .561| .681| .695| .430| .804| .718| .441

HazMat practices 1.000 | .717| .664| .786| .523| .526| .603| .688| .710

Confined space practices 1.000 | .726 | .629| .572| .654| .355| .629| .608

Emergency planning 1.000 | .641| .704| .700| .521| .725| .776

Proper safeguards 1.000 | .619| .587| .609| .523| .641

T.LLS. 1.000| .898| .528 | .619| .688

AINM report & investig'n 1.000 | .343| .627 | .669

Envir. responsibility 1.000| .571| .682

Health requirements met 1.000 | .899

Welfare requriements met 1.000

Med. exam of employees

Hith surveill. of employees

OSh Act posted up

OSH submissions made

PPED for employees
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revealed correlation scores above 0.30 with at least oné.3 Factor Analysis: Second lteration

other variable, suggesting reasonable factorability.\yith dements 18 and 19 excluded, the factor analysis
However the correlation soes were under 0.30 within a5 repeated on the remaining 20 elements. For the
elements 18 and 19vhich addressed the conduct of second iterationall correlations were greater than the
medical examinations, and health surveillance checks oRequired 0.3 and statistically significant at the 0.05 level.
employees respectively. Principal components analysig goking at theant-imagecorrelation table, it was found
yielded composite scores for the factors contributing to that the MSA for each individual element was greater
the OSHMS. The eigenvalues from the first iteration than 0.5, ranging from 0.594 to 0.911. TRE03KMO
attributed 59.940% of the variance to a first factor,ygjye also indicated that there was gosampling
7.355% of the variance to a second factor, and 6.300%dequacy.

of the variance to a third factor. Factors four, five, and | jieration 2, three factors we again extracted,

six had eigenvalues of 0.954, 0.831, and 0.768\ith variances of 62.586%, 6.977%, and 5.226%,
respectively, each factor explaining just about 4% of theyotalling 74.789% of the full variance. The communality

variance. The three factor solution (which explained gytraction values all exceeded the required 0.5 value
high 73.595% of the variance) was selected because thqy 617 to 0.870) except for element ZDSH Act posted

matched the condition of the eigenvalueirly greater  yp) which had a value d.428. This elemenieeded to
than 1 (see Table)3 be discarded

Table 3. Total Variance Explained for the InitialRactor Solution

Component Initial Eigenvalues Extraction Sums of Squared Loadings | Rotation Sums of Squared Loadings

Total | % of Variance | Cumulative % | Total | % of Variance | Cumulative % | Total | % of Variance | Cumulative %

1 13.187 59.940 59.940 | 13.187 59.940 59.940 | 6.648 30.216 30.216

2 1.618 7.355 67.295| 1.618 7.355 67.295 | 5.973 27.149 57.365

3 1.386 6.300 73.595| 1.386 6.300 73.595 | 3.571 16.230 73.595
4 .954 4.335 77.929
5 .831 3.778 81.708
6 .768 3.492 85.200
7 .582 2.647 87.847
8 .557 2.532 90.379
9 410 1.865 92.244
10 .328 1.492 93.736
11 .295 1.342 95.078
12 .234 1.065 96.143
13 .184 .838 96.981
14 .164 746 97.727
15 127 579 98.306
16 124 .565 98.871
17 .085 .385 99.256
18 .054 244 99.501
19 .046 .208 99.709
20 .031 141 99.850
21 .020 .091 99.941
22 .013 .059 100.000

Renarks;Extraction Method: Principal Component Analysis.

4.4 Factor Analysis: Third Iteration the rotation, with the correlations being 0.688, 0.679,
Factor analysis on the remaining 19 elemertsirned ~ @nd 0.875 for Factors 1, 2, andr8spectively. Because
all correlations greater than 0.3 and statistically variables were reflecting high loadings on mthvan one
significant at p<0.05Each individual element's MSA ~component i(e. factor), the structure of the PCA was
had improved, now ranging from 0.724 to 0.954. con_5|dered complex. E_xamlnmg the loadings of each
Communality values were acceptable, iiaggfrom variable revealed that |tems 8, 16, and Céntractor
0.618 to 0.868.Again, 3 factors emerged they safety checksHealth requirements metand Welfare
accountedfor 76.659% of the total variance. Because féquirements metespectively)were crossloading (i.e.
more factos were identified from the PCA, the Showing loadings of similarly high magnituden
component maix could not be used to obtain further Multiple components,so thee 3 variables were
understanding of the variable relationships, and a rotategxcluded.
component matrix was called for instead. A varimax
rotation was performed and the resultingotated
component matrixs shown in Table 4. While the fourth iteratioperformed on the remaining 16
The componenh transformation matrix revealdtlat  elements resulted in all correlations being statistically
the thre factors were highly correlated before and after significant and greaterthan 0.3, only 2 factors were

4.5Factor Analysis: Fourth Iteration
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Table 4.Rotated Component Matfigenerated using a varimax rotation in SPSS

Component
Element/ Item T > 3
OSH Committee exists 776 .166 .230
Documented Safety Policy exists .824 272 .339
Dedicated Safety Lead exists .851 .254 113
Top management commitment 212 .730 403
Employee participation .150 .798 .251
Risk assessments done 714 .520 113
At-risk groups considered .616 .332 .359
Contractor safety checks .630 .622 .187
Hazardous materials practices .524 .307 .643
Confined space practices 712 421 .190
Emergency planning .684 479 .336
Proper safeguards .459 .297 611
Training, Information, Instruction, and Supervision .330 799 .267
Accident/Incident/Near Miss report and investigation .408 .824 .102
Environmental responsibility .148 241 .882
Health requirements met .410 .593 .465
Welfare requirements met .451 .527 .578
OSH submissions made .698 121 .369
Personal Protective Equipment and Devices for employees .699 .453 .348

RemarksExtraction Method: Principal Component Analysitation Metlod: Varimax with Kaiser Normaligior?

- Rotation converged in 6 iterations.

yielded instead of3 as inall prior iteratims. Of the

and Table 6 Of the cumulative variance loading of

cumulative variance loading of 70.978%, Factor 173.208%, Factor 1 accounted for 64.419% of the

accounted for 62.622%, while Factor 2 accounted forvariance, while Factor

8.356% of the variance. All communality values were

2 accounted for 8.789%.
Communalities were all acceptable, ranging betwee

acceptable (ranging from 0.595 to 0.876) except for thed.578 and 0.87.6

element Environmental responsibilitywhich reflected

Because more than one facteere identified from

an extracted value of 0.426 and was excluded in yethe PCA, a varimax rotation of the data space was

another iteration.

4.6 Factor Analysis: Final Iteration

The final iteration wasperformed on the remaining 15
elements and all correlations were statistically
significant and acceptablyigh (ranging from 0.323 to
0.924, as seen in Table 5 and Figure 1)

All individual item MSA values ranged from 0.822
to 0.941 and the overall KM®MSA value was 0.886,

performed in order to maximise the variance of the
factors, strengthen the distinction between factors, and
clarify the relationships of variables loading onto factors
(Jabnoun and Sedraani, 2005; Kakkar and Narag, 2007).
The emerging result from the completed principal
component analysis of the pilot data is summarised in
Table7. The factor loadings showed tHt of the factor
loadings were excellent (>0.7), while the remaining 4
factor loadings were very good (>0.63). Therefore, it

al., 2010).Principal canponents analysiagain yielded
just 2 factors with the eigenvalue >1, as seen in Table

into just 2 factor groups that correlate with the existence
of a safety mamgement system.

Table 5.Correlation Values for the Final 15 Extracted Elements
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OSH Cmttee exists 1.000| .825| .800| .464 | .456| .541| .573| .581| .624 | .548 | .507 | .476| .486| .611| .607
Doc'd SPol exists 1.000 863 553 455 | .738 667 727 | .709 786 713 | .602| .625| .662 774
Dedic'd SLead exists 1.000| .479| .410| .684| .603| .570| .629| .669| .464| .512| .527| .638| .663
Top mgmt commitment 1.000 712 | .496 532 | .663| .524 560 | .507 | .713| .702| .397 550
Employee participation 1.000| .486| .505| .496| .463| .522| .372| .695| .665] .323| .470
Risk Assessments done 1.000| .682| .631| .767| .818| .611| .667| .718| .538| .770
At-risk grps considered 1.000| .693| .598 | .700| .578| .508 | .510| .540| .689
HazMat practices 1.000| .717| .664| .786| .523| .526 | .571| .645
Confined space practices 1.000| .726 | .629| .572| .654| .565| .755
Emergency planning 1.000| .641| .704| .700| .700 | .924
Proper safeguards 1.000| .619| .587| .419| .666
T.LLS. 1.000| .898| .483| .731
AINM report & investig'n 1.000 | .449 | .727
OSH submissions made 1.000 | .727
PPED for employees 1.000
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Table 6. Total Variance Explained for the FinaFactor Solution

Componen Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
t Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %
1 9.663 64.419 64.419 9.663 64.419 64.419 6.528 43.519 43.519
2 1.318 8.789 73.208 1.318 8.789 73.208 4.453 29.688 73.208
3 .789 5.261 78.469
4 749 4.990 83.459
5 .536 3.576 87.035
6 .480 3.200 90.235
7 371 2.475 92.710
8 .287 1.915 94.625
9 224 1.493 96.118
10 197 1.310 97.428
11 115 764 98.192
12 .095 .632 98.824
13 .077 511 99.335
14 .058 .386 99.722
15 .042 .278 100.000

Table 7. Rotated Component Matrix Showing Final Factor Loadings

Component/ Factor
Element/ Item Factor 1, Factor 2,
Safety Structure and Practices Improvement Drivers
Documented Safety Policy exists .876 .330
Dedicated Safety Leader exists .838 .215
OSH Committee exists .795 .209
OSH submissions made .780 .168
Personal Protective Equipment and Devices for employees .758 486
Emergency planning 741 .503
Confined space practices in place .718 430
Risk Assessments done .695 492
At-risk groups considered .682 .394
Hazardous Material practices in place .680 451
Proper safeguards in place .599 467
Training, Information, Instruction, and Supervision .364 .846
Accident/Incident/Near Miss reporting and investigation done .387 .829
Employee participation 192 .826
Top management commitment evident .298 .805

RemarksExtraction Mehod Principal Component AnalysiRotated Component MatfixRotation Metlod: Varimax with Kaiser Normalagion.
2 Rotation converged in 3 iterations.
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Figure 1. Scatterplot of Correlation Spread for Final 28r&cted Figure 2. Factor Loadings plot illustrating relationships between
Elements the elements and factors
Besides a plot was constructed of the factor Based on the elements loaded onto factors, titles

component weightings for each element, and thiswere assigned to the factors. With 11 elements, Factor 1
revealed that the points fell into three clusters. The plotSafety Structure and Retices”, consisted of two

added to an understanding of the relationships betweeflusters near to the base of the plot. The first 4 of those
elements and factors, asnatated in Figuré. 11 elementsvere influencedpredominantlyby factor 1,
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with very little influence from factor 2. The remaining 7 information, instruction, and supervision and
elements were influenced somewhat more heavily byAccidentincidenthear miss reporting and investigation
factor 2. Considering the plot's dual cluster pattern, the Factor 2, “Improvement Drivers”, would promote
11 elements within Factor 1, “Safety Structure andbuy-in and continual improvement of the OSHMS by
Practices” were arrangednto two subgroupings, ensuring that managers and employees are involved in
namely (1) “OSH Oversight” with the following 4 the dayto-day functioning of the OSHMS, leading by
elements:Documentedsafety policy exists Dedicated example, providing and benefitting from training,
safety leader exists OSH committee existsand OSH instruction, information, and supervision, and using
submissions madand (2) “OSH Arrangements” with proper accident, incident, and near miss reporting and
the following 7 elementdersonalprotectiveequipment  investigation to identify root causes of challenges and
and devices for employegesEmergency planning bring about improved systems. Based on the above
Confined space practices in placRisk assessments rationale, a model was derived showing how the
done At-risk groups consideredHazardous material elements influence the etence of an OSHMS (see
practices in placeandProper safeguards in place Figure 3.

Factor 1, “Safety Structure and Practices”, One might try at this point to make sense of why 7
highlights the critical impact that formal structure and of the initial 22 elements were discardadhe course of
routine practices have on the existence of an OSHM the analysis. These 7 elements weldedical
OSH Oversighis bornethrough policy and leadership examination,Health surveillance, OSH Act posted up,
elements. Asafety policy must focus the OSHMS effort, Contractor safety checksHealth requirements met,
leadership must control the reins and operate through 8\elfare requirements met, and Environmental
functional OSH Committee, and there must be continuatesponsibility = These variables are important
monitoring of statutory submissionso meet the considerations in any OSHMS but it appears thay the
mandates of the OSH Act. were not sufficiently prioritised byhe SMEs being

OSH Arrangementsnust be put in place to keep studied.
core aspects of the OSH System operating well. Perhaps It is possible that many SMEs would perceive these
most critical is the documentation of risk assessment&lements as “nice to have” but would not yet recognise
that consider atisk groups. Also, systems must be in them as critical to the OSHMS. Commi@s might
place b promote safety with regard to emergency consider these elements as areas in which time, effort,

planning confined spaceshazardous materiaksontrol and financial investment could be saved. The lack of
safeguarthg, and personal protective equipment and focus on these areas could be compounded by the
devices. relatively low level of enforcement existing in the

On the plot, all elements of the “Improvement manufacturing industry. Employers ear currently
Drivers” factor fit into one cluster. For all ohése implementing elementsf an OSHMSon a volunary
elements, there is the predominant influence of Factor dasis, because there are few resources available to
(>0.805) and much smaller influence of factor 1 enable the OSH Authority to perform inspection
(<0.387). Hence, Factor 2 (Improvement Drivers) activities. Rather than carrying out safety checks on their
consists of 4 elements, includindiop management contractors, for example, SMEs midttld the view that
commitment Employee participation Training, the onus is on contractors to adhere to the OSH Act.

| OCCUPATIONAL SAFETY AND HEALTH MANAGEMENT SYSTEM (OSHMS)

Faclor 1
safety Structure and Practioes Factor 2
: : lmprwecmenl Dirisers
OEH Cwersighl | OEH Arrangemenls |
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Figure 3. How SMS elements influence the existence of an OSHMS
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Moreover, since the OSH Act advises that medical
checks and surveillance are voluntary unless an

inspector mandates such practices, few SMEs ard.

motivated tancur such “unnecessary expenses”. Finally,
where health, welfare, and environmental requirements
are stipulated in the OSH Act and other legislation, the
nearabsence of enforcement would ski# enabling lax
practices in SMEs in T&T.

5. Conclusionand Recommendations
Out of the 22 elements that were considered in thi

factor analysis, 15 elements significantly correlate with™

the establishment of an OSHMS in the companies
sampled. Based on d@hprincipal components analysis
performed on the sampled manufacturing SMEs, this
study concludes that two main factors are linked to a
large extent to the establishment of an OSHMS.

Factor 1 “Safety Structure and Practieds a
summated scale consigjirof 11 variables addressing
OSH oversight and OSH arrangements, and accounts for
over 64% of the variance contributing to the
establishment of an OSHMS. Factor “2mprovement
Drivers', is a summated scale consisting of 4 variables,
and accounts for almb9% of the variance contributing
to the establishment of an O8BH

Severalrecommendations are put forward based on
the study These are:

1. The findings of this paper are based on a survey OP'

40 SMEs from Trinidad’s manufacturing sector. The
study thereforesi not generalisable to the whole
manufacturing sector, and there is a need to carry
out a wider, more representative survey of SMEs
from the entire manufacturing sector. Given the
relatively low response rate obtained in this study,
the conduct of a moreepresentative, wideanging
study would require buin and active support from
T&T’s manufacturers’ associations and chambers of

commerce to incentivise or otherwise encourage

participation by their members.

2. While the posited model cannot be considered as
final because of the relatively small sample size of
respondents, it can nevertheless provide some
insight into variables that likely impact on OSHMS
as they currently exist in T&T. There is a need for
T&T's OSH Authority and Agency to support
implementaton of the model’s factors and elements
by documenting a full range of standards, codes of
practice, guidelines, checklists, and other tools to

how even elements perceived as voluntary could
reduce risk and expense to businesses.

Many a local SME may hold the view that several
OSH Act requirements require large budgets, and
that their companies will be unable to discern
sufficient retun on this investment. It is up to
OSHA to convince employers that investing in
safety will bear them rich dividends. OSHA should
more consistently track and disseminate data about
the cost of lax safety, and the savings to be gained
by investing in an effgive OSHMS.

Data can also provide insight into the needs of
companies in certain subsectors. There is a need to
empower SMEs to develop themselves, rather than
expecting them to hire experts to build their
systems. This latter expectation might be
impracical as costs may be too high for some
companies. Certainly, there will always be aspects
of OSHMS development that can only be
adequately addressed through the involvement of
specialistexperts, but there are also many aspects
that can be addressed by rnmak appropriate
guidance, information, and stories/cases freely
available to companies, as has been done in the case
of the UK’s Health and Safety Executive website
and social media outreach efforts. Similar outreach
should be done via the T&T OSHA website

OSHA is not the only entity from whormsights

and data dissemination should be generated. There
is a need for more active sharing of best practices
within the field. Research is needed to share updates
on approaches that have worked and those that have
failed in industry sectors. Studies should put
forward recommendations on OSHMS
establishment and improvement, with a special
focus on sectors (such as manufacturing) that may
not be current priority areas for OSHA.

With a little support and structure froam umbrella
organisation (such as the Ministry of Labour or the
Trinidad and Tobago Manufacturing Association),
SMEs should be encouraged to collaborate
seting up their own formal OSHMS and atidg
each other's systemsin a thrust for continual
improvement and competitiveness. Research geared
toward structuring usdriendly  OSHMS
development, implementation, and/or evaluation
tools would assist in this regard.

aid companies in establishing or enhancing theirAcknowledgments

OSHMS.
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Abstract: This paper presents a gap analysis of smart grid technology for the Caribbean region, ands ahtine
opportunities for the potential widespiaoll-out of this technology, the challenges posed and the exercises employed to
assistlegacy power systems transition to the smart grid. By exploring the evobititre smart grid and smart grid
statistics, this paper applies smart grid teology toregional and local contegt The available technologies involved are
also discussedas well as economic and business strategies for the smart grid in a Caribbeaxt.déotehe region, the

most important factor is the adoption of renewable energy sources and a distributed ganeextidigm that is
characteristic of the smart grid, as well as the widespread use of relevamuwuooations and information technoleg

Other recommendations include rigorous planning with cesstg benefits analyses beimperformed with respect to the
applicable technologies and a strategic business plan. The paper conbludescribing the transition to the smart grid
using micregrids.

Keywords: Smart grid, Electricity, Power system, Caribbean, Renewable

1. Introduction are either fully or more than 90% dependent on oil, thus

In the Caribbean, the electrical network is considered toeMphasiing the need forenegy diversification in the

be antiquated as theurrentelectrical infrastructure in  région (CARILEC 2008). On March 1, 2013, the
most, if not all, Caribbean nationtas remained Caribbean Community (CARICOM) countries embarked
unchanged for decades aiglaging while electricity O the development of a Regional Energy Policy focused
consumption is increasing. Omeeans of enhancing the On the widespread deployment and integration of
existing grid is the adoption ofsmart grid (SG) renewable energy sources, in attempt toreduce
technology. The smart grid is a next generation electricaflépendence offossil fuels and contribute to the fight
power system, typified by increased use of @gainst climate change (CARICOM 2013).
communications and information technoloT) in ‘Smart grid technology is therefore promising thoe

the generation, delivery and cammption of electrical Caribbearregion: The emergence of the SG will lead to
energy (IEEE Smart Grid 2014). While the traditional €nhanced environmental —sustainapilit with - more
grid has always been “smart’ to some extémereis a  reliable power supply services. There is, then, the need
need for gridgo get smarter. Utilities are developing and 0 investigate the suitability of SG technology to the
deploying standards and technologies to transform thé€gion and to determine the measuneededfor full-
traditiond grid into a smart grid, leading to higher levels Scale roltout. The University of the West Indies (UWI)
of resilience and reliability. The smart grid is, therefore, S currently undertakig a research and capacity building
a modern electrical power grid infrastructure, boastinginitiative on how this technology will enhance the
improved efficiency and sustainability, with smooth €fficiency of present electrical power networks in the
integration of renewable and altetiva energy sources. ~ e€gion. _ _

While most developed countries, Eurape This paper outlinethe requirements to enable the
countriesand the USfor example have embarked on evolution of the existing gridn the Caribbearto SG
enhancing their 20th century grids with SG technology,Status. This gap analysis will also focus on the
the Caribbean region is focusing on renewable energ@PPortunities and challenges for the smart grid in the
(RE) research and deployment. Amting to the region. Spme insight on regionally relevant
Caribbean Electric Utility ~Services Corporation téchnologies are shared. As an outcome, the UWI
(CARILEC), 85% of all electric power in the Caribbean intends to construct and deploy a microgrid within a

is generated with fuel oil and most Caribbean countried@boradry environment, which will be used to simulate
the technology on a small scale.
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2. Grid Evolution environmental impacts while maxigng system

The smart grid can be thought of as the outcome of théeliability, resilience and stability (International Energy
evolutionary development of existing networks towardsAgency 2011). _

an optimsed and sustainable energy system {iais Thl_s evplut|onary develc_)pment is centred on _the
Hanninen, and Maki 2011)The International Energy ™Mass infusion of Information _and Communication
Agency (IEA) defines a smart grid as an electricity 1 €chnology (ICT) and Computational dfiigence (CI)
network that uses digital and other advancedinto the existing grid. The smart grid is emerging as a
technologies to monitor and manage the transport ofonvergence of computing and communication
electricity from all generation sources to meet thet€chnologies with power system engineering (Farhangi
varying electricity demands of engers. Smart grids 2010). At the core of this transformation is the need to
coordinate the needs and capabilities of all generatorgnake use of current assets, immrating new
grid operators, endsers and electricity market technologies gradually, thus following an evolutionary
stakeholders to operate all parts of the system ad@jectory, rather than performing a complete overhaul.
efficienty as possible, minirsing costs ad The evolution of the grid idlustratedin Figure 1.
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Figure 1. Grid Evolution
Source: International Energy Agen(2011)

Referring to the traditional grid as having always vehicles (PHEVs) and micrgrids of distributed
been “smart”, implieshat traditional grids makase of  generation interact with the grid to balanceergy
ICTs. However,in a truly smart grid, there is heawge  supply and demand (Trilliant Inc. 2015).
of modern communication and high performance Communication and data management play an
computing technologies. SG evoarn can be segmented important role, placing a layer of intelligence over the
into distinct versions. For the sake oflear existing and future infrastructure. It is worthy to note
nomenclature, the terminology presented by Trilliantthat in the future grid, communications and electrical
Inc. (2015) will be utilised. Smart Grid v0.0 is the baseinfrastructure work in tandem from generation to
case— this cannot be classified as a “smart” network consumption, which results in improved control,
since each network usequfoprietary protocols to read monitoring and automation, as well as stronger
meters on isolated networks. This phase is typicallyconsumer involvement (Farhangi 2010).
associated with automated metre reading (AMR). Smart The smart grid can therefore be rsadi through
Grid v1.0 saw the advent of advanced meteringstrategic implants of distributed control and monitoring
infrastructure (AMI), a smarter version of AMR. In systems within and alongside the existing electricity
AMI, metres are automatically read and standdased  grid. This will facilitate the distributed generation and
solutions provide applications like demand response ando-generation of energy and allow for the integration of
time-of-use (TOU) billing. The next phase of the SG, alternative energy sources and the management of a
Smart Grid v2.0, involves the consumer becomingsystem’s carbon footprint. It will also enable utilities to
directly involved with energy utgation. It highlights the  make more efficient use of their existing assets through
necesiy for two-way communication and the advent of demand response, peak shaving and service quality
a consumeporiented grid. Finally, Smart Grid v3.0 is the control (Farhangi 2010).
future of SG technology, where phig hybrid electric
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According to Farhangi (2010), 90% of all power coalfired generatiorplants (U.S. Department of Energy
outages and distualnces originate in the distribution 2014).
network. Therefore, the move towards the smart grid  Some of the requirements of smart grids include
should start in the distribution system. A proposedimproved utilsation through the use of improved control
method to modersé the distribution network is the and monitoring of networks, and reddceonsumption
introduction of technologies that help with demaide  via Demand Side Management (DSM) (Hashmi,
managemet and revenue protection. Utilities across the Hanninen, and Maki 2011). From pilot implementations
world are moving towards deploying advanced meteringin the US, it has been found that smart grid enabled
infrastructure (AMI), which provide utilities with two  energy management systems h&éeenable to reduce
way communication to the metre (Farhangi 2010). electricity usage by 105% and up to 43%fccritical

The IEA lists some general characteristics of thepeak loads. A state of the art high capacity transmission
smart grid which are applicable in any regional context.line can conduct as much electricity as six standard lines,
The SG enables informed dynamic participation byat onethird the cost, using 25% less land, and with-one
customers (usage data and pricinghitegrates all tenth the line losses. Smart grid enabled distribution
generation and storage optipngrovides the power could reduce electrical energy consumption b$030,
quality for the range of needs driven by marketcarbon dioxide emissions by -P5% and the cost of
conditions optimises asset utdation and operating power related disturbances to business by 87% (Energy
efficiency (automation and remote contr@hd provides  Future Coalitior2015).
resiliency to disturbances, attacks and natural disasters. The global market for mart grid IT and
The smart grid cannot and should not be a replacemenhanagement services will grow from $1.7 billiom
for the existing electricity gridhutis a complement to it. 2014 to more than $11.billion in 2023. Services
It should coexist with the existing grid, adding to its include home energy management, advanced metering
capabilities, functionalities and capacities by means ofinfrastructure, distribution and substation automation
an evolutionary path (Farhangi 2010). communications, asset management and condition

Farhangi (2010) describes the smart grid as an adnonitoring, demand response, software solutions, an
hoc integration of complem&ry components, analytics (Energy Future Coalition 2015).
subsystems and functions. The evolution of the smart
grid is facilitated by the integration and interconnection 4. Smart Grid: Regional and Local Context
of smart microgrids. Smart microgrids are defined as  Tpjs section of the paper will examine where the

These interconnected microgrids have dedicated pathg pridging the gap.

for command, data and power exchange. The system of

integrated smart microgrids operate parallel with the 4 1 Renewable Energy
existing grid, with functionality and load gradually being
migrated from the existing grid to the smart grid. The
topology of the emerging grid will therefore resemble a
hybrid solution (Farhangi 2010).

There is a disproportionate dependence on fossil fuels in
the Caribbean region, particularly oil and natural gas,
(CARILEC 2008, CARICOM 2013). This dependence
on fossil resources is primarily for electricity generation

. and vehicular transport. According to Glzand

3. Smar.t Grid at.th.e Global Level i CARICOM (2014), over 95% of the commercial energy
Worldwide statistics ought to be considered whenconsumption is based on mineral oil products. This leads
performing a gap analysis to determine tlhe directionyy high levels of national debt and high costs for
towards the full scale reBut of a smart gridor the  glectricity generation (GIZ and CARICOM 2014). As
Caribbean. These statistics are c_zlrawn from projections asyd, the Caribbean region is faced with several critical
well as results from pilot implementationsThe  challenges with respect to the generation, distribution
integration of (intermittent) renewable energy sourcesyng use of energy (Auth et al. 2013). With the
(RES)is amgor benefit of the smart grichecause it CARICOM countries focusing on the deployment of
redues a country’s carbon footprint. Electricity renewable and alternative energy, in an attempt to
distribution within the smart grid paradigm would gjyersify energy sources and combat climate change as a
reduce carbon dioxide emissions by up to 25%. A 25%egional body, it is important to examine the renewable
reduction in CQemissions equates to 7.6 billion tons by energy plans of each country.

2030(U.S. Department of Ener.gy.2014): The reducFion As an outcome of the CARICOM Regional Energy
of GreenHouse Gas (GHG)emissions via smart grid pgjicy, the first phase of the Caribbean Sustainable
deployment would be as a result of removing 140Energy Roadmapand Strategy (SERMS) was
million cars from the road (by encouraging the use of.ommissioned. SERMS Phase 1 is aimed at

PHEVs), lowering coal use by 18% and natural gas US@oordinating a regional approach to expedite the
by 50%, and avoiding the construction of, 800 MW i creased use of renewable energy and energy
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efficiency, while promoting climateompatible  distributed, renewable energy sourceBor power
development, mininsing environmental damagend generation there are no viable alternatives that could
fostering economic growth and innovation (Auth et al. compete on price with oil, coal or natural gas. The
2013). Another such outcome is the Renewable Energyaribbean region therefore needs to explore the best
and Energy Efficiency Technical Assistance (REETA) possible and most economically feasible options in the
Project. The REETA project builds on the results andfield of renewables. The most obvious options in the
successful approaches of the Caribbean eR@ble  Caribbean are wind power, biomass, geothermal, ocean
Energy Development Programme (CREDP) and othethermal, hydropower and solar power (CARILEC 2008).
projects in the region (such asSERMS) (G5 and  Tremendous potential exists in many countries to meet
CARICOM 2014). The REETA projedbcuses orthe most or all of current demand with renewables. Table 1
development of a regional energy strategy, theillustrates the technology potential measured with
establishment of regional knelow and the support of respect to its measured share of peak demand in each
the regional networking of stakeholders. The member state.
overarching project goal is for regional and national Table 2 compares the renewableergy target of
players in the areas of RE and energy efficiency toeach Caribbean nation, and alsdicateswhether or not
increasingly comply with the political, orgaational  these countries have already dgpld RES in their grid
and technical demands of a growing market in thesupplies.Some countries already have provisions for
Caribbean (GlZzand CARICOM2014). widespread deployment of renewable energy sources.
One of the main characteristics of the smart grid isThis underscores the need for larger countries such as
the deployment of renewable and distributed resourcesTrinidad and Tobago anBelize to introduce renewable
thus leading to a reduction in GHG emissions. Insources into their local energy mix and/or enforce time
particular, smart grids are characted by distributed of use tariffs @ nonrenewable sources. The
generation(DG), which refers to the introduction of development and deployment of alternative and RE
small rating electricity sources, typically decensedi  sources is therefore one of the major gaps between the
and located close to emser locations on the region’s SG roHout when compared to already existing
distribution side of the grid. This gives rise to an on SG implementations. Apart from this, economic and
demand power quality of supply, enhanced grid sacurit business factors muke considered.

(reduced susceptibility of a centsagld power source) The useof renewable energy sources and energy
and reliability, and deferrals in the transmission efficiency (EE) techologies in each country wouldad
investment (Simoes et al. 2012). to reduced dependency on mineral oil imports.

As such, the first step towards the regional According to GIZ and CARICOM (2014), “increased
deployment of a smart grid in each Caribbean nationinvestments in EE and RE will mitigate some of the
from a technologial standpoint, is the adoption of the uncertainties in the future costs of energy”.
DG paradigm, which involves the deployment of

Table 1 Technology potential measured with respect to measured share of peak demantO®KIARmMber states

Geo-thermal Biomass/ Other

Antigua and Barbuda
The Bahamas
Barbados

Belize

Dominica

Grenada

Guyana

Haiti

Jamaica

Montserrat

St. Kitts and Nevis
St. Lucia

St. Vincent and the Grenadines
Suriname

Trinidad and Tobago

Medium None/Low Unknown
(0—20%)

Very High
(50-100%)

Sourceadopted fom Auth et al. (2013)
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Table 2 Renewable energy targets of each Caribbean country and whether or not RE exéstgiohdupply

Country Renewable Energy Target Renewable Energy in Grid Supply
The Bahamas NYA No

Barbados 40% by 2010 Yes

Belize NYA Yes (HEP)

Dominica 25% by 2010 Yes (22% HEP in 2007)
Grenada 10% by 2013; 20% by 2017 No

Guyana 70-80% by 2012 (HEP) No

Jamaica 15% by 2020 Yes (Wind, HEP)

St. Kitts 100% by 2012 No

St. Lucia 30% by 2012 No

*Trinidad and Tobago NYA No

St. Vincent NYA Yes (20% HEP)

Remarks: *5% target of 60 MW in 2022; NYA = Not Yet Available; HEP = Hydro Electric Power

Source: Ministry of Energy and Energy Affa{2011)

Reducing electricity tariffs in countries that do aive
their own energy sourcesvould effectively lower the

implementation of the smart grid can be done in a cost
effective and efficient manneA number of eanomic

bills of domestic consumers. Figure 2 illustrates thefactors affect the roHout of new technologies. Any
typical bills of domestic consumers at 100 kWh/month utility which wishes to implement a smart grid on a

for September 2012.Countries, like Trinidad and
Tobago, which produce

macroscopic level must first determine and select

its own fossil fuels and various business objectives to suit their needs, i.e.

hydrocarbons fronabundant sources within the nation’s implementation needs and the needs afscmers. This
territory, have lower bills: the commodity is more is especially important in the Caribbean region since

expensive for those countries which import resources.
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Figure 2. Typical Bills for 100kwWh/month Domestic Consumers
for 2012
Source: CARILECZ2012)

4.2 Smart Grid Business Plan for the Caribbean

most countries are developing nations and eachahas
different econom, budgetdevelopmentapriorities, and
supply and demand factors. Due to the diversity of
operational challenges thaach utility will face, SG
implementation will differ from one utility to the next.
However, one thing remains common: the driving
objective of every smart grid is ultimately a business
objective (Barbosa 2012).

As a result, utilities mustundertake straegic
planning, selecting business objectives according to their
priorities Typical SG business objectives are similar,
however priority will differ from one utility to the next
(Barbosa 2012). According to Barbosa (2012), typical
business objectives fahe planning of the smart grid
include:

« Enabling informed participation by consumers

* Reducing operational costs through better voltage
control

« Improving power quality delivered to customer

« Enabling DG and storage options throughout the
network andbetter management othose assets
which are owned by both utility and customer

« Strengthening thaetwork’s resiliencyn the face of
cybersecurity attacks and natural disasters

e Introducing new products and services to the
consumer

« Optimising existingand new asset uti#ition

Barbados Light & Power (BL&P) suggests a phased
approach, i.e. implementing the SG in several phases,
driven by various business objectives (Barbosa 2012).
BL&P’'s phased approach allows control of: budget,
technologydeployment appication ofkey technologies

Before the deployment of SG technologies can occurin the highest priority areas, technology evaluation,
utilities and researchers alike must examine howchange management, maintenance and implementation
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phases witln a realistic plan (Barbosa 2012). This of load demand and in the case of Trinidad @adago,
shows that Barbados is one of the few Caribbearcan result in a 1:24% peak reduction. At the household
countries which hasmade progressto bridge the level, the deployment of smart meters (AMI), combined
economic/business gap of SG deployment. Theirwith appropriate policy provisions would allow
business model as mentioned above, is sound, ancustomers to generate their own power and sell excess
avoids common pitfalls to which some utilities succumb. electricity back to grid (Auth et a2013). This gives rise
This approach and model is usefal other Caribbean to another highly desired feature of the smart grid, the
nations as thegnovetowards SG implementation. bi-directional flow of power. This is facilitated by the
After determining and selecting the most suitable DG paradigm mentioned previously, as well as efficient
business objectives, the utility must then select the S@lectricity storage. The use of smart meters also
technologythat meetshese business goals. There shouldfacilitatesreal time pricing, which can potentially result
beathorough evaluation of potential technologies beforein energy consumption behaviour modification.
selection; utilities must conduct codtenefit analyses As stated, the SG is also characei by the
and investigate integration issues when selectingembedding of Computation Intelligence (Cl) in the grid.
technologies (Ockwell 2012). According to Ockwell This implies that computing technologies play a major
(2012), the evaluation of a walesigned and integrated role in the implementationand deployment of smart
pilot program may reveal the need to investprimay grids, making it a truly cybephysical system. This can
infrastructure before proceeding with technology potentially translate to a technological revolution for the
deployment. The rationale behind this is that the smartegion, with the infusion of high performance computing
grid is not a single technology proposition. A true smarttechnologies to facilitate processing data in ensuring
grid involves integrated architecture that can adopt newefficient control, monitoring and automation processes.
technologies as new business alijees emerge and In particular, it ensures that these processes can be

changg(Barbosa 20120ckwell 2012). carried out in reatime, and allows for data
mining/storage, intelligent coordination, security,
5. Smart Grid Opportunities in the Caribbean simulation, visuakation axd control (Green Il, Wang,

This section highlights therange of opportunites @nd Alam 2013). This therefore opens opportunities in
available for smart grid implementation and deploymentthe Caribbean for high ~ performance ~computing
Trinidad and Tobago's smart grid, an attempt will be manycore (GPU), grid and cloud computing.

made to present opportunities which may be applicable ~ Cloud computing opportunitieare vast due to the
to other Caribbean countries, mainly from a One to many relationshgbetween data and devices over

technological standpoint, while also performing a gapthe Internet. This translates to extensible and secure
analysis on SG technologies. computing data centres and enables cost effective
The instrumental role of ICT based applications inincremental development. It leverages Software as a
the SG revolves around rehe control and Service (SaaS), effégely minimisng capital and
monitoring. There is the need for automated controliMmplementation time. This also gives rise to the
modern communications infrastructure and sensing®PPOrtunityfor creating a thriving smart grid IT market
technologies. Smart grids generally feature increasedithin the region, providing jobs for professionals, and
digital information, inparticular the biirectional flow  reducing the need for outsourced labour.
of information, which requires sophisticated control, ~ SyStém security ia snart gridcontextmay refer to
sensing and computeriented monitoring devices. This Many things, which include, but are not limited to
is achieved through the use of Advanced Metering'esilience, stability and reliability of the power supply.
Infrastructure  (AMI), which facilitates twway 1he smart grid solution provides the opportunity to
communicationand the transmission of delivered and IMProve system security in the region. Existing grid
generated energy data, along with actionable Commandgfrastrucurg is outdated and ofte_n insufficient to meet
to customers, thus affording consumers better controfn® pPopulation’s current and growing energy needs; this
over energy usage (Simoes et al. 2012). Data fromS evidenced by the region’s h!gh technlca}I _Iosses and, in
sources (metres, sensors) must be relayed to appropriag§l€Ct member statesn ainreliable electricity supply
cortrollers in the grid to make smart decisions. In 2006,(Auth et al. 2013). System security mif@sts itself in the
the Trinidad and Tobago Electricity Commission SG in rea4t|m('e.mon|tor|ng, fault anticipation, corrective
(T&TEC) developed a plan to install over 40, 000 metresaction, expeditious (self) restoration and the reduction of
across its customer base. As of 2008, sixteen thousarHtage frequency and spread. _
metres were installed (CARICOM 2013). Another  sustainable opportunityof SG
Smat grid advancements have the potential todeployment in the Caribbean is electrificatioh the
manage demand by shifting loads to-péak hours and  fransport sector. This is linked to the reduction of GHG
better utilsing domestic renewable energy resources€MiSSions since it includes etreendly and financially

(Auth et al. 2013). This is referred to as the peak shavingeasible transport. This may even be extended to include
mass transportation systems, but will focus mainly on
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Plugin Hybrid Electric \hicles (PHEVs) and Battery The energy aspect of the smart grid also faces
Electric Vehicles (BEVs). This will lessen the numerous challenges. Generation sources, particularly
dependence on fossil fuels and could eventually lead t&RES, are intermittent; this affects the output

the gas station becoming obsolete. characteristic of generator and convertor sets (Simoes et
al. 20R), as well agthe transient stability of supply.
6. Smart Grid Challenges in the Caribbean Region Interconnection standards must be developed and

Just as there are numerous opportusitieithin the adhered to when considering diverse generation sources.
region for Smart Grid deployment, there are alsoThere are also potential problems in the transmission and

numerous challenges which arise due to several, usuall§istribution systems due to new power floatterns and
unavoidable, factors, as well as poor planning in theQuality concerns. Protection, autqmanon a!nd cont.rol
initial stages. These challenges manifest themselves iHPgrades may also prove challenging. The introduction
economic and business setkgc poor technology Of the electric vehicle also poses some challenges in
deployment, vulnerabilitieg the grid and shortfalls in  terms of distribution system loading and quality of
the technologies used. supply concerns. _

Often, within the utility, the corporate business A common hidden challenge which obstructs
objective is not well known; engineering, operations anddeployment is the lack of data or data quality (Barbosa
IT may not agree on the direction in which theye ~ 2012). Before specific SG technologies are deployed,
taking the utility (Barbosa 2012). Utility executives Primary infrastructure should be developed to ensure
often do not clearly identify the strategic businessdata quality. On a similar note, there may be integration
objective of the utility (Ockwell 2012). According to iSSues \th data infrastructure. The framework of
Barbosa (2012), the utility executive must provide COMmunications, data, computing platforms, sensors,
clarity in leading the orgasation in their strategic switching devices, active devices and software may not
business objectige and the orgasation must Supportintegration of other solutions (Barbosa 2012).
cooperatively create a mutfiepartment tactical plan that The infusion of ICTs and upgrade of control
is able to meet those objectives. systemsin the smart grid can introduce vulnerability in

The unclear business objectives result in anothert€rms of cybesecurity. Digitgation increases the threat
challenge in the SG setting, i.e. the selectionsg  ©Of remote attacks by hackers, who capstalbn known
technology. It is common for a utility to invest early in a Vulnerabilities and misconfigured operating systems,
single technology under a system wide-mit without ~ Servers and network devices (Amin andac@moni
performing some critical analysis on cost vs benefit.2012). Existing control systems which were initially
Often, the technology is selected first withous@und ~ intended for use with proprietary, staatbne
business objective. This can be seen in the case of AMEOMMunication networks are now being connected to the
AMI has the potential taonsumemulti-year budgets Internet without adding the technology necessary for
using time and resources that may be spent the  Security. Furthermore, mlthe communioatiand control_
deployment of other integrated SG solutions (Barbosé?f Power systems, various forms of communication
2012). The business objectivelrive the technologies Media and protocols are used. This diversity and lack of
and the technoldgs will specify the deployment plan. interoperability causes problems when attempting to
To overcome this, BL&P suggests the phasedauilin esta_bllsh secure commgmcatlon to and from a sub_statlon
a minimal area of the network (Barbosa 2012). This(Amin and Giacomoni 2012)Increased automation
reflects the microgrid approach, discussed further on. Avhich entails a complex system of sensors and
phased rolout affords the utility the opportunity to automated — controls, — tied  together  through
evaluate the techn0|ogy from many aspectS, in terms o¢ommun|cat|0n S-yStema|SO presents. a threat. Activities
meeting technical requirements and deploymemdts that —compromise the operation of  sensors,
(Barbosa 2012). communications and control systems could QIsmhp .

Existing grid infrastructure poses a major challenge.System, cause blackouts and even result in physical
The smart grid is susceptible to all threats whith ~ damage to key system components (Amin and
existing grid fices, suh as natural disasters and Giacomoni 2012). To counteract these challenges, Amin
intentional attack. As the existing grid evolves, there isand Giacomoni (2012) suggest a layered security
the increased interdependence among the fields ofPProach to mininse disruptions. Multiple security
energy, telecommunications, transportation and financiafechnologies shouldbe combined and deployed at each
infrastructures, which poses increased risk (Amin and@yer of a computing system (personnel, networks,
Giacomoni2012). This interconnectivity makes the grid OPerating systems, applications, databases) to reduce the
vulnerable to a spectrum of threatgascading outages 'Sk of unauthosed access (Amin and Giacomoni 2012).
brought on by material failure, natural disasters,Security features include examination, edgion,
sabotage or human errand failure in one part of an Prevention and encryption (Amin and Giacomoni 2012).
infrastructure network can have adverse effactsther The implementation and deployment of AMI, which

areagAmin and Giacomoni 2012). is typically one of the first steps in the diggion of the
grid, also introduces potential security breaches.
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According to Amin and Giacomoni (2012), possible grid technology. Research is being conducted on each of
threats include: fabricating generated energy metreahe technological aspects of the SG (Power,
readings manipulating energy costdisrupting the load Communications and High Performance Computing),
balance of local systems by increasing or decreasing thand implementation will be done on the microgridelev
demand for powergaining control of millions of metres A microgrid is a smalkcale, locabed version of the
and simultaneouslghutting them downsending false  smart grid, achieving specific local goals (The Galvin
control signals disabling grid control centre computer Project Inc. 2014). It is envisioned that The UWI
systems and monitgrand disabling protective relays. microgrid will foster the modersation of the campus
AMI also introduces privacy concerns, as customerpower grid.

energy usage information will be stored at the meter.  Until there exists policy to support the integration of
Unauttorised access and malicious use of this data couldmart grid technologinto the nationwide power system
expose customer habits and behaviours, openipg vyielding financial benefit to the consumer as a net
avenues for personal profiling, identity theft and homeproducer, increased savings and efficiencies must occur
invasions (Amin and Giacomoni 2012). AMI systems at the micro level. This will result in locatid facilities
also need to be defended against traditional eyberemploying suitable technolags to address the specific
threats, like malicious code, denisftservice attacks, concerns while hopefully improving some aspect of their
accidental faults due to human error and problemsgower system.

associated with aging hardware and software (Amin and

Giacomoni 2012). 8. Conclusion

These thrgats and challenges_ brin_g to the. forerne smart grid is essentialo improved energy
further economic setbacks. Theareprice distortions in efficiency, economic development and climate change
the region for example where there isfael subsidy  mjtigation. Partipation by government, the private
favouring fossil fuel and lower tax burden compared t0  sector, consumers and environmental advocacy groups is
renewable energy. With intermittent sources being usegmperativeto successful deployment. Caribbean member
for generation, there is the need for advanced storaggates must ensure that the necessary regulations are in
technobgy. The energy storage market is estimated iace and market models are developed accordingly.
reach $50 billion by the year 2020 (Jacques 2014)gygem investment, prices and customer participation
leading to increased expenditures on the part of thenyst evolve in the same manner as SG technologies for
region. Other challenges posed are legislativeature  jncremental smart grid deployment/implementation.
Financial, technical and administrative ledigla must The gaps which exist in the Caribbean must be
be put in place and be on par with the rest of the world¢|gsed before fulkcale deployment can occur within the
Legislation must also be developed for the use of electrlqegion_ These gaps would generally be similar across
vehiclestreating with issues related @harging, billing  nation statesHowever there would beminor variations
and dynamic tariffs. _ among countriesin summary, utilities must determine

Finally, there are the soemultural and human ang select relevant business objectiveslect the
capital challenges of SG deployment. The Caribbearyppropriate SG technologies to matchsthebjectives,
region generally does not have an energy conservatiVgile avoiding total investment in any one technology
culture. This must be fostered throughout the region tqyithout proper evaluatign invest in and deploy
ensure sustainabilitpf energy resourcedAdditionally,  yenewableand alternative energy sourcesfind and
on the utility side, there must be certain training promoe local and regional smart grid markets
requirements for operational and maintenance perso””%plementlegislation and regulatioframeworks while
(Barbosa 2012). The utility must possess the corgyghering to worldwide standardmdfoster and promet
competencies necessary to achieve full deployment. 5, energy conservativego-friendly culture
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Abstract: In many countries around the world, threuse of treated wastewater has been adopted as a means of
supplementing dwindling water resources and promoting water conservation. Duridgyteeason of 2010, the Water and
Sewerage Authority of Trinidad and Tobago provided treated wastewater from its BeRltaaimfor industrial and
agricultural purposes. The public’'s acceptance of reusing treated wastewater &y eelément in its successful
implementationas a water sourceA survey oftargeted sections of the population was carried out using wustred
interviews and questionnaires. It was found that the idea ofpotable use of treated wastewater for such purposes as
firefighting and watering of public lawns was generally acceptable to the puldiwettr, there was more apprehension
about diect uses, particularly those involving human contact. The current perceptiogniicantly influenced by the
public’s mistrust of the local water authorities to deligafe and quality water; a general lack of knowledge of tregrtent
process; and peeived health risks associated with using treated wastewater. The #bilifgely use treated wastewater in
Trinidad in the future would depend on the relevant authorities mounting appropriate pudireness and education
programmes

Keywords: Wastevater reuse, public perception, Trinidad

1. Introduction reuse project (Jiménez 2012)avourable Public

In response to growing freshwater shortages, many watderception of a project and so its sidity can be
utilities around the world have implemented plans tofacilitated bybetter communication between the sectors
augment their traditional water supplies (e.g. dams andnvolved(Baggett et al., 2006). _
groundwater) with new or altertiee sources (e.g. It is critical, therefore to understand public
recycled wastewater and desalinated sea water). ARe€rception on the use of an alternative water source such
assessment of the status of wastewater managemeff Wwastewater. Ublic perception can change dugh
shows that in Caribbean regigmarticularly the Eastern improve knowledge and awareness of issues related to
Caribbean, municipal wastewater collection andWastewater treatment processes, particulary
treatment are underdevelopadd there is potential for ~Promotingthe high quality and safety of such treated
its use to meet the demands of the tourism sectopvastewater. The media can play a major role in shaping
primaiily in the form of irrigation water (Groves and Perception. Yet, it was found that whilemedia
Saldinger 2011; Peters, 2014). The use of treate@ractitioners in Caribbean and Central America who
wastewater to overcome water shortages has had succd@'ticipated in a sensstion workshops on wastewater

in many parts of the wid (Miller and Buys, 2008). In for journalists were prepared to improve their
the Caribbean, the four year GEF CReW Project with thaunderstanding of environmental and wastewater issues
overall goal of reducing negative environmental andand felt they have a role in shaping ormiag people’s
human health impacts of untreated wastewater (Spencéterception of wastewater, more than 50% of those
2013) is likely to lead to an increase in water reuse in théurveyed could be classified as having low levels of
Caibbean, including Trinidad and  Tobago. knowledge on issues related to wastewater and the

Notwithstanding the potential for wastewater reuse anvironment in general (Spencer 201#) 2010, the
possible means of achieving water security, gainingvater demand in Trinidad and Tobagasiestimated at

public acceptance iproving to be difficult (Longsworth, 224 million gallons per day (MGD) with a deficit of
2014). 38MGD (WASA 2013). The deficit can be satisfied by
For water augmentation projects to be susftaly the 80 ML/d of wastewater collected and treated at
implemented, the support of the general public isBeetham Wastewater Treatment PlanBWTP).
required. Social acceptance is a key element to any reugg@hadoorsingh et al (2010) proposed a berof reuse
project, and can become the main barrier for a watepptions for the BWP, ranging from urban to industrial
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uses as well as options for indirect potable reuse and projects and must be comprehensively addressed as it is
multi-user option. During the drought of 2010, island the public who is served by and pafor this new
wide water shortages led to the experimentation withtechnology.
wastewater reuse. The Wéa and Sewerage Authority There have been varte studies on the public
(WASA) provided treated wastewater from the BWTP perception of wastewater reuse. Jeffrey (2002),
for irrigation and industrial uses (Newsday, 2010). Hurlimann and McKay (2003) and Robinson, Robinson
In 2013, WASA signed a loan agreement for local and Hawkins (2005) assessed the relationship between
wastewater management which included water recyclingsociodemographic factors and public perception of
for industrial use (Boodm, 2013). The success wastewater and concluded thagardless of the factors,
potential for wider wastewater reuse in Trinidad, as inrespondents were generally willing to accept the reuse of
many other jurisdictions, can be limited by the level of water for norpotable uses but were strongly against its
public perception ofecycled wastewatein developing use with direct contact to humans. Hartley (2006) also
the potential reuse options for the BWTP, reported that people generally supported the concept of
Bahadoorsingh et al. (2010) and Marx et @011) usng reclaimed water, with stronger support for using it
highlighted that one of the main challenges in makingfor nonpotable purposes. However, support waned as
use of the treated wastewater at the Beetham Plant ihe possibility of human contact increased. In Australia,
obtaining end user commitment. Consequerdliy;ing Dolnicar and Hurlimann (2010) reported that 92% of
project design and implementationappropriate respondents would use recycled water fonpotable
consideration must bgiven to public attitudes towards use like garden watering, but only 3G%bdrinking. Po,
wastewater reuse. Kaercher and Nancarrow (2003) stated that the disgust
This paper explores the public’'s perception of emotion and risk perception may explain the research
reusing treated wastewatsy better understand public results that show thauplic perceptions and acceptance
acceptability of reugsbwater It is hoped that the results are affected by the specific use of the recycled water.

of this study can better inform decisiamakers in Hartley (2006) highlighted a case study from the
implementing future wastewater reuse projects and sonid-1990’s in which a wastewater reuse project was
increase water resource availability in Trinidad shut down due to the perception that the poorer

neighbourhoods would be drinking the treated
2. Background wastewater which was  soutte from rich

Worldwide, there is a growing shortage of fresh water,neighbourhoods. Po, Kaercher and Nancarrow (2003)
due to dwindling resources and increasing demands as#iated that these perceived social justice issues would
result of populabn and economic growth (Postel, 2000; influence people’s tendency to accept or not accept
Higgins et al, 2002; Hartley 2006). These shortages havi/astewater reuse projects. For example, Kaercher et al
motivated policy makers and water utilities to look for (2003) reported that there was perception amongst
alternative fresh water sources like desalination andfOmmunities that wastewater reuse projects should begin
wastewater reuse. While treated wastewaseoften with larger consumers of water (e.g. industrial users)
superior to current potable water standards (Bixio et al.Pefore domestic householdees they believed that the
2005; Wintgens 2005), the notion of drinking @amount of water that could be saved would be greater by
wastewater is not a concept that gains full publictargeting ndustrial users. Determining public perception
support. In fact, Dolnicar and Schafer (2006) reported®?y demographics is not straight forward. Savage (1993)
that the public often vehemently rejectechstewater found that the relationship between demographic factors
reuse. and the dread of a hazard is the perceived personal
The benefits of wastewater reuse include reducingXPosure to the hazard. Later, Miller and B(g808)
water pollution from wastewater disposal, reducing studied the _dlfference in knowledge and acceptance of
energy costs (Robinson, Robinson and Hawkins, 2005)vater recycling betwe_en genders and foynd that overall
and the provision of a reliable and constant water sourc&en and women's attitudes and perceptions of recycled
(Toze, 2006). Moreover, it protects dwindling fresh Water did not differ S|gn|f|cant_ly. However, Hurlimann
water resources, prevents coastal pollution, expand§2007) found that concerns ieased as use became
river flow, provides savings in wastewater treatment andmore personal, with women expressing greater concerns
aids in replenishing groundwater resources (Angelakighan men about the use of recycled water for clothes
and Bontoux 2001). Notwithstanding the benefits, therewashing, vegetable growing and showerinfccept
are many chiéenges in implementing wastewater reuse change above _
projects. In many cases, where wastewater reuse is being The ‘yuck’ or disgust factor has been documented to
considered, municipalities are finding it difficult to gain influence a wide range of decisions including evaluative
public acceptancéor the prospect. Robinson, Robinson OF intuitive judgments (Kelly and Morar, 2014).There is
and Hawkins (2005), Hartley (2006) and R@ercher ~ CONSensus among participants in wastewater reuse
and Nancarrow (2003) all agree that public acceptancétUd'es that there were psychological barriers to using

of wastewater reuse is integral to successful reus&€ated wastewater. The yutactoris almost magidan
nature, essentially the same tymd thinking that
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underlines voodoo practices (Monks, 2014). The barriewastewater  authorities,  regulators,  consultants,
stens from the thought of using water that originated academics and elected local officials. Hartley (2006)
from unclean sources. Po, Kaercher and Nancarroweported that many scientific and engineering
(2003) citing Rozin and Fallon (1987) eapled this  professionals agree that npotable reuse is acceptable
phenomenon through thélaw of contagioh which and necessary. However, there is nqmiform
suggests that a neutral object may become perceived asceptance with respect to potable use. Such lack of
disgusting through association with another object.consensus can introduce public doubt and lead to greater
Schmidt (2008) explained that some concepts or objectepposition to the use of treated wastewater.
like faecesare universally repugm&a and are ‘core Consequently, mistrust in public agencies and officials
disgust elicitors’. Miller and Buys (2008) noted that the creates challenges for wastewater reuse professionals
‘yuck’ factor has spurred heavy public opposition to (Hartley, 2006). There is greater trust, where
several water recycling projectgesulting in their organsaions have a long history of good safety records
cancellation or delay. Public concerns about real orand the objectives are not monetarily or politically
perceived risks hampethe use of reclaimed water driven (Nancarrow et al., 2003).
(Robinson, Robinson and Hawkins, 2005). Risk Marks et al. (2002) found that the majority of
perceptions are almost always related to public healtlparticipants in his study expected to pay less for recycled
issues from using the recycled water. Dolnicar andwater since they considered it to be of lower quality.
Hurlimann (2010) stated that perceived health risk is theFurther, lower prices were seen as a necessary incentive
dominant factor preenting people from accepting the to improve the willingness to use treated wastewater. For
use of recycled water. Participants in a stbghdeffrey = example, customers expeded lower prices for
(2002) claimed that they had no problem with using vegetables grown with treated wastewater (Nancarrow et
recycled water so long as it did not compromise publical., 2003).
health. Po, Kaercher and Nancarrow (2003) proposed It was found, from numerous studies, that the public
that baed on the outrage factors adapted from generak more accepting of treated wastewater reuse for non
literature on risk by Frewer, Howard and Shephardpotable uses but becom@écreasingly concerned and
(1998), people may perceive treated wastewater akess accepting of wastewater reuse that inwodiesct
unsafe and harmful to public health with unknown long human contact. The main factors shaping the public’s
term implications, leading to irreversible decisiomnsits perception of treated wastewater reuse were found to be,
use. In places where water shortages are experiencdalit not limited to, the ‘yuck’ factor; real or perceived
there is greater acceptance of wastewater reusasks; the awareness of water shortagebfgms; trust in
(Dishman, Sherrard and Rebhun, 1989). In Israel, withthe authorities; the costs; attitudes towards the general
its water shortage problems, wastewater reuse is readilgnvironment; and social justice issues (Po et al. 2014).
acceptableand in the USA wastewater reuse for non While there is increasing support and acceptance of
potable or indirect potable is widely accepted in drought wastewater reuse for ngrotable purposes, the support
ridden communities (Hartley, 2005). In Singapore, Po,is progressivelylecreased for intended uses of the water
Kaercher and Nancarrow (2003) reported that theas the degree and likelihood of close personal contact is
implementation of the NEWater project matesgali increased. Lower levels of support were consistently
after Singapore’s water supply was threatened due toeported for consumptive uses such as drinking and
potential shortages associated with disputes withcooking. Moreover, widespread “in  principle”
Malaysia over imported water. In Greece, Anastasiadisacceptane does not automatically translate into the
et al. (2014) reportedhat the public had a positive acceptance of real projects (ACTSE 2013).
attitude towards wastewater reuse in agriculture. In the Caribbean, for examplen Jamaica,
Public attitudes on thenvironment may influence wastewater reuse is practiced in industries, some hotels
the willingness to accept treated wastewater reuse (P@nd institutions (Caribbean Regional Fund for
Kaercher and Nancarrow (2003). Jeffrey (2002) foundWastewater Management0®5). However, given the
that people who practiced water conservation in theithigh scarcity of water for irrigation in the Caribbean,
homes were more tolerant of reusing greywater for nonwastewater reuse for farmers is getting support at the
potable purpass. Moreover, there is greater awarenesspolicy levels. A planned demonstration project to
of the need for the conservation of natural waterinfluence public perception to be undertaken thg
resources through treated wastewater where dudlUnited Nations Envonmental Programme (UNEP) will
systems exist (Hurlimann and McKay 2003; Marks et al,be implemented in collaboration with the Food and
2002). Agriculture Organisation (FAO) and the Pan American
Public acceptance of wastewater reuse can also beealth Organisation (PAHO), to demonstrate how
detemined by the degree of public trust in the treatmentwastavater can be treated and reused to become a
processes and in the competencies of water utilities (Pdeasible option in combisig the region’s water scarcity
Kaercher and Nancarrow, 2003). Ormerod and Scot{Longsworth, 2014).
(2012) found that the public’'s acceptance of potable In brief, public acceptance of reuse projects is vital
reuse was heavily dependent on the trushénwater and to the overall future of wastewater reuse and the
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consequences of poor public perception could jeopardisa two-day period at the Ministry of Food Production
future wastewater reuse projects (Asano &amdine, Central Division

1996). The implementation of domestic wastewater = The questionnaé included items related to socio
reuse projects requires the consideration of all relevantlemographic indicatorssuch as gender, age, education
factors and risks including public health, environmental,and income, and explored factors related to costs and
economic, scientific, energy and public perceptionincentives, environmental consciousness, knowledge and
(Peters 2014). Negative public perception can beawareness of wastewater treatment processes, trust in
modified by explaining to people the process of local authorities and water utility, the yuck factor,
producing recycled water (Dolnicar, Hurlimann and perceived risk and water availability. To determine
Nghiem, 2010). In the Caribbean, the CRew GEF projecparticipants’ perception of water reuse for different
can improve the situation by establishing innovative purposes, participants were asked to say whether they
mechanisms for costffective andsustainable financing agreed, disagreed or were unsure. To det&min
of wastewater management in the region; facilitatingparticipant$ trust in the ability of water providers to
policy discussions and strengthening legislativedeliver a safe supply, participantssed a five point
frameworks; and facilitating regional dialogue and Likert scale (1= full trust; and 5= No trust). To
knowledge exchange on wastewater (The Gleanerdetermine participants’ attitudes to the use of treated
2014). In conclusion, thereforthe willingness to reuse wastewater, , environmental and water conservation
treated wastewater is based on subjective perception @ractices, costs and potential incentives questiogr®
expectations rather than on objective truth (Pannell et alposed requiring a response of‘Never, ‘Rarely,
2005), a cultural shift in relation to water management'Sometimes or ‘Often’. Additional questions were
and social learning processes are key requirements tasked to rate the participahtrust in the local water

achieve a successful transition to wastewater reuse. authorities. In the case darmers, the questionnaire
sought information on crop types, water availability,
3. Methodology willingness to use treated wastewater for irrigatior

The fieldwork for this study was carried out during Used a four point scalefteri, ‘Sometimes ‘Rarely
February and March in 2014 using questionnaires and@nd‘Never). _ o
conducting personal interviews. A -emthor and four ~  The interviews were designed to identify the
assistants administered the infews and questionnaire interviewee’s perception of wastewater reuse and
at the participant's residence or workplace. Theunderstand the psychological and/or technical reasoning
questionnaire and interviews explored the relationship?€hind this perception, if anjdditional questions were
between the participants’ perception ofing and usgd to rank the acceptance of wastewater reuse for
willingness to use treated wastewater. In Novemberyarious purposes. In all cases, participants were assured
2013, a pilot study was aéed out to test and finsethe ~ Of the confidentiality of their responses before
guestions to be used in the study. commencement of the interview and the completion of
For the study,a total of 195 questionnaire were the questionnaire. Participants were given the option to
administered to fouf4) categories general publi¢from  have their responses excluded in the study even after
North, South, East, West and Central Trinidad); farmersProviding their responsesBM SPSSV.16 Student
(from Central Trinidad) and professionals. For the Version was utiBed to analge the results of
genera' pub”C, the areas were selected to give a morguesnonnawes. Descrlptlve Stat|5t|C$ and frequency
diverse sample and to highlight varying seeimnomic  analyses were used to assess perceptions.
backgrounds and water shortage issues. In the case of the ) )
professionals (that is technical and managerial persond- Results and discussions
who were likely to make decisions on the use of treated4.1. Preferred use of treated wastewater

water in their organisations), twenty questionnaires |, terms of the specifiase of treated wastewater, it was
were distributed to each group. Accept changes found that for both the general public (M.£1) and the
Professionalsvere selecteﬂom (_30rgan|sat|ons— professional group (n= 84), there was a greater
the Petroleum Company of Trinidad and Tobago yjllingness to accept nepotable uses of treated
Limited ~ (Petrotrin) an industrial user the  \yastewater for purposes such as firefighting, watering of
Environmental ~Management  Authority (EMA)  pyplic lawns, agricultural irrigation and groundwater
regulator; and the National Agricultural Marketing and recharge. As the proposed usesolved more direct
Development Corporation (NAMDEVCG) distributor  ¢contact with humans, the acceptance declined as shown
of agricultural products. in Figure 1. Almosttotal average acceptance ninety
~ The questionnaires were supported by p@ab0 gseyen percent (97%) was for firefighting which was
interviews with 30 householders and 1fnfars whodid  perceived as providing least contact with people. In the
not complete anyof the 195questionnaires. Farmers case where wastewater reuse was considered acceptable
were accessed for the questionnaires and interviews ovegg, household purposes, the greatest preference {sixty

nine percent) was for laundry use while the smallest
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preference (sixteen percent) was émmsumptn uses.  use withthe greatest willingness among the older (50

Further, there was a slightly higher willingness to acceptyear plus) group. The 18 to 25 years group showed least
the use of wastewater, among the professional groups atillingness to consider the potable use of treated
Petrotrin, the EMA and the NAMDEVCO than the wastewater.

general public, particularly for firefighting and the
irrigation of public paks. This may be explained by

. Table 1: Sociaedemographic makeup of respondent
greater understanding of the treatment processe

N

amongst these groups. Sociodemographic Factor Frequency
Gender Male 70
Female 125
Age Group | 1824 29
- 2534 76
& an 3549 55
= =N
E on 50-64 24
= 65+ 11
= dn mELE Education Did not complete high school 13
= -m g
5 . ) Graduated from high school 52
= mFetrateh Did not complete university 19
. - Fu bl Graduated from university 84
A '-!:F. = .;F' e wr .¢‘Q‘ - =
A gﬁﬁ = a"h = m HARNFEn Completed Masters’ Degree or highe 27
&t 2 F A
'-?':' {l.'-' I:?-.'jh ._'I-x & Llf
q? e '
qﬁg ,pﬂ“‘ Table 2: Pearson chsquare tests for gender and educational
influence on willingness to reuse treated wastewater
Figure 1. Willingness to use treated wastewater for different Gender Education
purposes Uses Value | df p- Value | df p-
value value
Firefighting 2351 | 1 125 | 2898 | 4 | 0.575
. Public Lawns 0155 | 1 | 0.694| 1404 | 4 | 0.844
Amongst the 10 farmers, ninety percé%) were Agri. Irrigation 1401 [ 1 | 237 | 2169 | 4 | 0.703
willing to use treated wastewater for irrigation of their | Groundwater 3097 | 2 | 0.213| 5493 | 8 | 0.704
crops in times of water shortage. Howewfare farmers Recharge
i P 5@%6) were willing t gtr ted Wmet water for Laundry 0.60 | 1 | 0806} 3.678 | 4 | 0451
(i.e., 50%) were willing to use treated wastewater for —gp o 0579 | 1 | 0.447| 8.269 | 4 | 0.082
irrigation all the time. Seven farmers stated that if they"consumption 1825 | 1 | 01771 103241 4 | 0.035

were to use treated wastewater for irrigatafncrops,
they would select the types of crops that would be at low

risk to be contaminated by treated wastewater. It was ) ) )

found thatthese farmers were enthusiastic about the  Four educational categories were used in the survey
reuse of treated water for irrigation. These farmers crediflid not complete high school, graduated from high
this high willingnes to accept treated wastewater to SChool, and university graduate. It was found that among
good knowledge and understanding of the treatmenth€ participants of the four educational categories, the
processes allowing them to have greater confidence ifniversity graduates appeared to be mwiténg to use

the safety of the treated wastewater. treated wastewater for nqrotable usessgeFigure 2).

4.2.Socicdemographic Factors

Although women (n = 125see Table 1) were less 100
inclined than men (& 70) to use treated wastewater fo

£ w
non-potable household use, the &gjuare test on the -'-; b0
responses (significance level, o = 0.05; pvalues= 0.125 E a0 . ool
to 0.806(see Tabl&) found that there was no significan £ W Frimary sthoo
difference between the genders and acceptance | s * h " High schael
various uses of treated wastewater. Similarly, there w o . | ol
no significant statistical differences (significance level, a ﬁ# & af-'f. y 2 gt . - . R
= 0.05; pvalues= 0.08 to 0.84 see TabR between the i QHJF s Sy W nlversity
different age groups and their willingnessutse treate & & 2 ?-35‘ “' '}45';{{,.:.

wastewater for firefighting, irrigation, groundwatel
recharge, laundry and bathing. However, this was not Water uses
case for potable use (significance level, o = 0.05; p

Vé}"ﬂes= 0.03). The_ age of participants influenced the  Figure 2. Education influence on acceptable uses of treated
willingness to consider treated wastewater for potable wastewater
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However, there was a major drop in acceptance apreference for use was laundry then showerimgl
the use of treated wastewater was focused dineict or  finally consumption
direct potable use and domestic purpose. Those
participants who indicated that they had completed hight.3. Impact of Water Shortage onAcceptability of
school were more willing to use treated wastewater for ~ Wastewater Reuse

potable use and other domestic purposes. Overall, therggr the general public in this study, eight percent (8%)
were no statistical differencemmong the educational gnq fortyone percent (41%) experienced water
categories in their willingness to accept treateo'shortages never or rarelgespectively. Sixteen peznt
wastewater since thevalues for the Chi square test (at (16%) of participants frequently experienced water
a = 0.05) ranged between 0.101 and 0.955. shortage and thirifive percent (35%) sometimes
Like age, incomeaffectedthe willingness to accept experienced water shortage. Where participants
treated Wasteyvater for potable uses in the_same ra”kianperienced water shortages, all were prepared to use
of uses geeFigure 3). Based on the GHguare test reated wastewater for firefighting, industriarpases or
results, it wasfound that there was a significant for jrrigating public lawns but expressed concerns for
statistical ~ association between income and theyse in agricultural irrigation, domestic uses and for
acceptance of treated wastewater for irrigation of publicpot{me use. Thecorrelation of water shortages to
parks and for potable uses and at the 5% level, the mharticipants disposition for the acceptance of wastewater
values werd.047 and 0.02@espectively (see Tab®.  yeyse to the different nepotable uses of treated
Partbipgnts i_n the low income (less than $5000 monthly)\yastewateris generally the same for all groups of
and high income (more than $@00 monthly) participants eeFigure 4) with no statistical significance
categories were twice as willing, when compared withsg shown by the Chiquare test (at significance level, o
the middle income earners, to consider treated- g os5: p=0.35 to 0.95, see Tabi®.
wastewater for domestic purposes.

— 30
£
= i E 20
E HH ] = W= n
o i

E 50 g 10 = Somesimes

g | E I I [ [ I rareky

* ! m 55,000 o ap T T T T T e

[ r Y EVEr

=0 ! . S

R W S pE T ?ﬁ A # W
‘ﬁf R ﬂ,ﬁ* “f_:i:*" $10,000 S U F
o S - 50K
o ,‘.l-‘,:.& @d:' il a'x_. ,_15: Uses for treated wastewater
Watar BEes
Figure 4. Willingness to reuse treated wastewater and frequency
Figure 3. Influence of income on the acceptable use of treated of water shortage
wastewater . ) )
Table 4: Pearson chsquare tests for the influence of the trust in
the authorities and willingness to reuse treated wastewater

Table 3: Pearson chsquare tests for the influence of water Uses Value df | p-value
shortage experiences on willingness to reuse treated wastewatef Firefighting 1.632 3 0.652
Uses Value af p-value Public Lawns 3.284 3 0.350
Firefighting 6.683 3 0.083 Agri. Irrigation 12.182 3 0.007
Public Lawns 7876 3 0.049 Groundwater Recharge 1.559 6 0.955
Agri. Irrigation 0.859 3 0.835 Laundry 1766 | 3 | 0622
Groundwater Recharg({ 4.956 6 0.592 Showc_ermg . 0.663 3 0.882
Laundry 0.352 3 0.950 Irrigation of fruits and vegetables fol 3.242 3 0.356
Showering 1.643 3 0.65 direct consumption uses
Consumption 9.285 3 0.026

Those participants who never pexienced water
The order of acceptance of water reuse for theshortages were more open to using treated wastewater
different purposes did not change for differentisoc for personal uses such as showering and potable
demographic groupings. The order of acceptance foPurposes. Participants who rgreexperienced water
nonrhousehold purposes was f|ref|ght|ng, irrigation of Shortages showed the hlghest WillingneSS to use treated
public lawns, groundwater recharge and agriculturalwvastewater for agricultural pposes where the product
irrigation. For household purposes, the order ofis not consumed directlyor example, ground provision
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production, than fowhere it may be consumed directly wastewater that could manifest itself into cancers in
without washing, such as lettuce or cucumbers. In thhumans. Although oversixty percent (68%) of
case of the farmers, sixfive percent (65%) participants were aware of the possible negative impacts
experienced some veat shortage during the year with of indiscriminate disposal of toxic chemicals and other
sixty percent (60%) of these experiences taking placdharmful substances in drains and ultimately into
during the dry season. Sixty percent (60%) of thewastewateronly 8% were aware of the adequacy of
farmers who experienced water shortages were willingcurrent technologies in the treatment for such substances
to use treated wastewater for irrigation with greaterand as such there was a general concern about the
willingness among those who were affected by dry possible existence of toxic chemicals in treated
season shortagesegFigure 5). The availability and use wastewater. Further, an associated concern is that initial
of treated wastewater in these circumstances was seen asstakes that can be made with the introductain
providing opportunity for greater production and profits. wastewaterreuse technology may adversely affect the
However, farmers were generally unwilling tonsider  population.

the use of treated wastewater as a replacement for their Perceived health risks impacfarmers’ willingness
current water supplies. Where farmers did notto use treated wastewater for irrigation amdich type
experience water shortages, it was found that this wasef cropsfarmerswould irrigate with this water. Thirty
due to the availability of supplies from selvned  percent (30%) of farmers believed that there were
rainwater harvesting systems and ngarlvers. Only  serious health risks associated with using treated
twenty-eight percent (28%) of these farmers werewastewater for agriculture. Twenty percent (20%) were
willing to consider the use of treated wastewater. unsure and fifty percent (50%) did not believe there
were any health risks. Farmers were generally willing to
use treated wastewater orops where the water would
not be in contact with any edible parts of the plant.
Livestock farmers on the other hand, would only use
treated wastewater for cleaning purposes and would not
allow livestock to consume it for fear of the introduction
of unkrmown diseases to the animals that can
subsequently be transmitted to humans. The perceived
risks induced unwillingness to uswastewater for
financial reasons as 45% of farmers believed that
wastewater reuse would decrease customer confidence in
their praduce.

Partlcpants k2

Covw fiss=nn TR RETTE [ [T

Ferlad i e ebnrkane scparianes

B Diring weale shertage BAlTLE lims 4.5, Trust in Water Authorlty
One of the factors considered by participants in their
Figure 5. Time of irrigation application by farmers willingness to use treated wastewater was the lack of
trust in the water authority to deliver safe and high
4.4. PerceivedRisks quality treated wastewater. Ninety percent (90%) of

h i h is low level of f@ated paticipants were dissatisfied with the current water
As shown earlier, there is low level of supporttieate service, considering it substandard resulting in low

¥vastewater dto hbe used ror pb(?.table purpozes. I30til1evels of trust in WASA. Further, thirithree percent
armers and 't € general public expressed seriou 3%) of participants had little confidence in new state
concerns of possible risks that may be associated wit ponsored projects which are perceived dziven by
using .treatedh wastewater onA farms Wr']thm ﬁlosepolitical motives and lead to poor quality products.
pr%)lqmlty to human co7not/act.b I'morgng;] t eh gemera Participants were asked to rate their trust in WASA
public, seven percent (7%) believed that there wer&, qejiver treated wastewater for irrigation that was safe
serious health nslgs assoc_la_ted_ with using treateq,, 5 scale of 1 to 5, where 1 was full and complete trust
wastewater for agricultural irrigation, showering and g 5 \as no trust. Figure 6 shows that participants had
consumption. However, there was ge_neral willingness 10, |4y jevel of trust with about fifty percent (50%) having
use the_treated wastewater for irngateuTd nonpotaple very little or no trust (represented by 4 andsSseen in
domestic purp_osesl It there Wis a r?uarantee given fblfigure 6). Less than ten percent (10%) of the participants
some international agency that the water Is saleyqq || confidence in the ability of WAS#o provide

Paruué)at?ts" hzalth concerns mclufde skin dlseﬁses treated wastewater for reuse that was safe. The mistrust
caused by inadequate treatment of wastewarel the  5o\0ng  participants is reduced when participants

presence of chemicals and heavy metals like lead aNBonsidered the scenario where the implementation of
other unnatural substances that may aggravate skiffoated wastewater reuse is undertaken by WASA in

conditions. Some participants believitht there were artnership with an international @rgsaion
long term health risks associated with using treatedp '
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less to do with trust in the quality of the water to be
provided but more to do with the inaccessibility of the

L
=]

%- n potential points of delivery to some farms.
] W Trugst ln WASS
220 4 I
] Table 5: Pearson chsquare tests for the influence of the trust in
E 10 ‘II‘II' the authorities andillingness to reuse treated wastewater
& n .I 1 1 ;W Trustin WASA Uses Value df p-value
S TR S S and Intemational Firefighting 3184 | 4 0.527
K o organ icalion Public Lawns 18.827 | 4 0.001
Agri. Irrigation 31.554 4 0.000
Lewvel of trust Groundwater Recharge 18.141 | 8 0.20
Laundry 44.712 4 0.000
Figure 6. General public trust in water authority gzﬁ\gfrrr']g%m giégg j 8:888

Qn the pther handfarmers had a hl_gher I'eveI of 4.6.Costs of Water
confidence in the local water authorities with forty T
percent (40%) having full and complete trustdFigure The willingness to accept treated wastewater was
7). As in the case of the general public, farmers’ level ofinaffected by the potential of lower water rates for
trust would increase if WASA partnered with an €ightytwo percent (82%) of the participants as there is
international  orgasiion to implement treated gengral satisfaction with current water rates. In the
wastewater reuse. The farmers’ greater trust appeared Rirticula case of farmers, however, the cost of the water
be due to their lesser concern about water quality fofV@s & concern and the indication is that water must be

their operation which is different from that of the general Provided freely, as sources such as rainwater harvesting
public’s. ponds and rivers are considered frbreover forty-

five (45%) of farmers were motivated to use treated
wastewater due to the lower potential cost of irrigation

water (see Figure 8). Lower costs of water and an
&0 improved availability could impacttheir financial
E 30— operations.
2 40 - B Trudt in 'Wass
im0
T 20 50
218 - B Irust i WSS and = _
o 4 inker nalicrl %EE
Fatin
1-Full 2 8 4 SNg CoTEEM 5 o
Laval af trust o a0 m Gencral Public
t
& 10 m Farmers
Figure 7. Farmers’ level of trust in water authority o -
Agres  Meulral Dissgres
It was found that participants who were unwilling t Rosponse
use treated wastewatgenerallyhad low levels of trust

in WASA, suggesting that trust may be an importaiu
factor in assessing willingness to use treated wastewater.
This is supported by the Ghguare test (significance
level, a = 0.05; pvalue < 0.001; see Table Svhich 4.7.Water Conservation and Eiwvironmentally
showed that there was a significant correlation betwe Friendly Practices

the pUinC,S trust in the water authorities and their F|ﬂy three percent (53%) of participants practiced water
acceptance of various uses of treated wastewater. conservation techniques and sisigven (67%) practiced
Generally, trust in the wate@uthoritywas high for  other environmentally friendly activities or considered
the farmerswith forty percent (40%) having full trust environnental issues in everyday decisions. However,
should WASA introduce a plan to distie treated sixty-eight (68%) of participants were unaware of the
wastewater to farmers; and fiffive percent (55%) current water pollution rules. Previous studies (Po,
having full trustif WASA, in conjunction with an  Kaercher and Nancarrow, 2003; Jeffrey 2002) found that
international water authority, were to introduce aparticipants who practiced water conservation and
wastewater reuse plan for farmers. The farmers’participated in environmentally friendly activities were
challenges with the use of the treated wastewater haghgre open to using recycled water for various purposes.

Figure 8. Costs as an incentier accepting treated wastater
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While in this studyamong the participants who did no .
practice water conservation and other environmenta
friendly activities it appears that there is a greate
willingness to use treated wastewater for laundt
showering and ncdirect consumptionsge Figure 9)

=

[
[=

Partldpants %)
(=

The p-values which were greater than 0.35 for the-Ct m ol B Eragizing
square test (at o =0.05; see Table 6) showed that there n ) VSR m M el g
was no significantcorrelation between respondents S T A

. . . . o it & o <
environmental practiceand their acceptance of variou: ﬁ%‘* &5:*’ W q_ﬂ.sﬁ &
uses of treated wastewater. In the case whi L o
participants were dependent on rainwater harvesting TI—

their main water supply, there was a high interest sho
in treated wastewater reuse but they alsared the same

. . Figure 9. Willingness to reuse treated wastewater and
health and quality conceras the rest of the population.

environmental practices

Table 6. Pearson cksquare tests for the influenoéthe involvement in good environmental practices and the willingness to reatssltr

wastewater
Practice water conservation Involved in good environmental practices
Uses Value df p-value Value df p-value
Firefighting 0.804 2 0.669 0.455 2 0.797
Pubic Lawns 0.622 2 0.733 0.983 2 0.612
Agri. Irrigation 1.592 2 0.451 1.478 2 0.478
Groundwater Recharge 6.053 4 0.195 1.873 4 0.759
Laundry 1.532 2 0.465 1.899 2 0.387
Showering 2.110 2 0.348 0.802 2 0.670
Consumption 0.435 2 0.804 4.548 2 0.103

Faeces are a universal disgust substeamé that 5. Conclusion and Recommendations
disgustis deeply s?ated W'th,"” our psychological make pggple have a natural revulsion to water that is perceived
up. The common “yuckactor” reported elsewhere was o pe contaminated, and sometimes that feeling can
not as evident in this study. Respondents were asked @ansjate into opposition to reusing treated wastewater.

select on a scale of 1 to 5 how they wodéel if | Trinidad, the public is generally urssawith direct
drinking purified wastewater where 1 and 5 representeyse of wastewater and this will likely pose a

disgusting and appealing respectively. Eighty percenfpstantial barrier to promoting wider use of treated
(80%) of the general public showed no or little disgust toyastewater. However, whilethe majority of the
the idea of drinking treated wastewater. In this StUdy-participants in this study indicated a willingness to
there was a general agreement that once the water wagcept the nopotable use under somarcumstances
treated properly and was aesthetically equivalent togng for purposes such as firefighting and watering of

regular water there would be little concern. ~ public lawns but there appears to be no support for the
The remainder consider treated wastewater as dirtys se of wastewater for drinking water.

water because of their perception of the current poor  gociodemographic factors, water shortage issues,
quality of water suppl Many of these participants use participation in environmentally friendly activities and
bottled water in preference to tap water. Twemmg  cost of treated wastewater did not appear to be shaping
percent(219%) of participants agreed that their negative the pyplic’s perception ofising or willingness to use
reaction to the use of treated wastewater would diminishreated wastewater in Trinidad. For example, although
if the water was provided in a developed country, here is a slightly greater portion of the technical and
particularly where the practice is already in use. Thisyofessional pmons are more inclined to accept

shows that there is greater trust in foreign wateryastewater reuse, there were no significant differences
providers. The importance of the yufactor cannot be  among groups surveyed.

underestimated, as in many cases, wastewater projects This study revealed that the current perception
have been abandoned due to public disgustthef  the yse of treated wastewater in Trinidad is mainly
concept. This was most vividly shown in the Australian shaped by the public’'s mistrust of thecal water
city of Toowoomba in 2006 when local activists, aythorities to deliver safe and high quality water; a
represented by the group "Citizens against drinkinggeneral lack of knowledge of the treatment process; and

sewage", defeated plans to introduce reclaimed sourceperceived health risks associated with using treated
citing health risks and emotive factoMdnks, 2014). wastewater.
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While farmers have similar conceraboutthe use
of treated wastewater for irrigation, they are willing to
use treated wastewater for irrigation particularly during
the dry season, but are concerned about the possib
negative impact onhe marketing of their productas
Trinidad and Tobago prepares to develop a viabédte
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Dolnicar, S. and Hurlimann, A2010) “Water alternatives who
and what influences public acdepce? Journal of Public
Affairs, Vol.11, No1, pp49-59.

Polnicar, S., Hurlimann, AandNghiem, L. (2010)“The effect of

€information on public acceptanceThe case of water from

alternative sourcé&s Journal of Environmental Management

Vol.91, pp1283-1293.

wastewater reuse subsector, it is recommended thdtrewer, L.J., Howard, C. and Shepherd, R. (1998)he

efforts to improve the public’s trust and acceptance be

strengthened through improvement of the current
services and by public awarenesgrogrammes.
Moreover, implementationprogramme should be
informed by the level of willingness to accept treated
wastewater for different uses
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Abstract: Caribbean Small Island Developing States (SIDS) are particularly disaster proneagrsiich, disaster risk
reduction and effective emergency managemeatcauncial to sustainable development. Studying critical infrastructure
interdependencies (ClIl) is a relatively new facet of disaster risk remuc€omputer simulation software is the most
effective and economical method of studying these relationsthijgspdper contextualises the role of Cll simulation as part
of a complete disaster and emergency management prograandreviews the statef-the-art as pertains to utilisation of
such tools among Caribbean emergency management agencies (EMAS). It finds tiiza®aEMAs do not currently utilise
Cll tools. The paper then reviews some of the mpoptilar simulation tools under development such as CIPDSS, HAZUS,
I2Sim/DRNEP and ESRI Sim Disaster. Their applicability and ease of adoption to the Carilbbatext is considered.
I2Sim was viewed as being the best suited for Caribbean EMAs

Keywords: Emergency Management, Critical Infrastructure Interdependencies, Simulatix®, Saribbean, 12Sim

1. Introduction be saved and losses mitigated througlordmated

In the Americas alone, every year, on age;, disasters €mergency managemetsDR, 2003.

kill more than five thousand peoplaffect more than

five million lives and cause econtc damage in excess 2-Phases of Emergency lnagement

of twenty billion US dollars(PreventionWep 20143. Emergency management is typically analysed by

Caribbean countries are among the most natural disastelividing the process into fouf4) phases: mitigation,

prone in the world(Carby, 2011 Rasmussen, @4); preparedness, response andovecy (NGA, 1979

Acevedo(2013 discusseshe high incidence of disasters Waugh and Hy, 1990Baird, 2010, although other

in the region, noting that the region has been struck bynodels consisting of more or different phases have been

187 disasters in the last 60 years, with 26 storm impactproposed (Neal, 1997. The problem of critical

in the last 4 years alor{€raser, 2013EM-DAT, 2014). infrastructure interdependency (CIl) comes to the fore in

When using the number of natural disasterand area, both the response and recovery stages.

the six(6) Eastern Caribbean Currency Union (ECCU) Response includegshe execution of emergency

countries rank among the t¢h0) most disaster prone, plans and procedures, and seeks to reduce the probability

and the resbf the Caribbean countries fall amongst the of secondary damagé€Baird, 201Q. These actions

top fifty (Rasmussen, 2004 necessitate an understanding of critical infrastructure
Developing countries face much larger shock tointerdependency such that complex vulnerabilities can

their macreeconomies following a disaster of similar be recognised and an informed response can be

relative magnitude than do developed count(igsy, coordinated.

2009. An extreme example is Hurricane David that hit The issue is also apparent in the recovery stage

Dominica in 1979 causing damage exceeding 100% offhis stageis complex and requires coordination of a

the country’s Gross Domestic Prody&enson et al., number of stakeholders as noted by Haddow, Bullock

200)). Besides the immediate fallout of a disaster, theand Coppola(2007 and Phillips (2009. A critical

effects can spark economic crisis and increase povertyequirement of effective disaster preparedness is that

leading to social unrestRasmussen, 2004When a  ageicies and actors operate in a coordinated manner to

disaster strikes, losses are inevitalblewever, lives can  avoid time loss and duplication of work (UN/ISDR and

UN/OCHA 2008 11). Likewise, the World
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Meteorological Organisation noted that good -earlyinfrastructures, and because Clls can become quite
warning systems require coordination across manycomplex, software simulation is the preferred method of

agencies to be successfWMO, 2013). analysis.

The U.S. established the National Infrastructure
3. Importance of Smulation Tools Simulation and Analysis Center (NISACpithin the
The Hyogo Framework is a global blueprint for disasterU-S. Department of Homeland Secuyitio provide
risk reduction efforts during the next decftNISDR,  Strategic, multidisciplinary analyses of

2005; PreventionWeb, 2014b) Studying Critical interdependencies and the consequences of infrastructure

Infrastructure Interdependency is encapsulated in thélisruptions (NISAC, 2015. Additionally, increased
recanmendations of this framework which include using attention to this field has increased governmental and
knowledge and innovation via research methods andfivate funding to universities, laboratories, and private
tools for multirisk assessmenadditionally, the United ~ COmMpanies involved in modelling and simulation of
Nations Office for Disaster Risk Reductiorf$NISDR) crmc'al interdependencies, thus even though this field is
2015 Global Assessment Report for DisasteéskR relatively new a great deabf valuable work has been
Reduction identifies the dynamics of risk in urban done(Pederson et al., 20p6Using the example of the
settings vile recognsing the interconnectedness of risk Critical Infrastructure  Protection Decision  Support
as a thematic area that requires research and clos@yStem(CIPDSS, 201pproduced at NISACFigure 1
examination.An example of damage to power utilities outlines therole such simulation softwarglays in

triggering a failure in water managent systems was formulaing a disaster response plan
given (UNISDR, 2013) This paperexaminesboth the existing use of ClI

As such, understanding ClI should be an integra|simulation tools in the Caribbeaand identifies tools
facet of any emergency management programme. Sincdat can be most beneficial to the Caribbean given the
the relationship between critical infrastructures cannotcurrent operational constraints of their emergency
be tested in the reaforld without disruption of those Management ageres.
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Figure 1: Role of Simulation SoftwareCase of CIPDSS
SourceNISAC (2006)
4. Usageof CII T ools in the Caribbean Laboratories (SNL). The Caribbean, however, does not

In the Caribbean, little seems to be done in the field offNjoY the financial resources to establish such centres
Cll Simulation by emergency management bodies. Bya"d Emergency Management Agencies are oftersgdes
cortrast, in the United States the need for research in th@ith more immediate concerns, leaving them little time
field Cll and its importance in preparing for disasters for extendlng _themselves into less established fields such
and emergencies has long been recognised and pursuéi® C!l simulation. . _ _ _
In the year 2000the National Infrastructure Simulation To gauge the penetration of CII simulation usage in
and Analysis Center (NISAC) now under the US the region, attempts were made to reac_h all of the
Department of Homeland Security was established, Member agencies of the CDEMA via contact
engaging technical staff from the Los Alamos Nationalinformation provided by the CDEMA websi(€DEMA,
Laboratory (LANL, 2015 and Sandia National 2014. A survey (by enails) was conducted witkeach
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agency asking about their use of Cll simulation software2015) for geespatial data management and analysis and
and plans for using such software. Numerous phone calldecision support or the DEWTERA Platform (CIMA,
were made to agencies who did not reply to the initial2015) for weather related risk forecasting and
emaik. Table 1summarises the information gleaned via monitoring. The word dmulation” was also often
this exercise. associated with first responder exees and not
As evident from Table 1, CII simulation tools are computer simulation.
not currently being used by any responding state as part Furthermore, most responding agenciewith the
of their Disaster Risk Reduction programme. To exception of the Office for Disaster Preparedness and
underscore this problem, it is impant to note that Management (ODPM) of Trinidad had no short term
responding agencies often were not aware of the Clplans to introduce this facet of risk assessment into their
simulation as a field of study or its importance to their DRR (Disaser Risk Reduction) Schemes. Some
activities and would associate the words “software agencies did not respond to attempts made at contact,
tools” with platforms such as WebEOC (WebEOC, which seems to further highlight the problem of limited
2015) for emergency reportingnd ArcGIS (ESRI, resources from which many of the organisations suffer.

Table 1: Use of Cll simulatiortools by CDEMA member states

Does your organisation use Critical Infrastructure
Country Agency Name Interdependency simulation software?
Yes? No?
Which software and why? Are there plans?
Anguilla Department of Disaster Management Unknown Unsure
gg?éﬁ?aand National Office of Disaster Services Unknown Unsure
Bahamas National Emergency Management Agency No No Plans
Barbados Department of Emergency Management No No Plans
E/J%n Istands Department of Disaster Management No Interest shown.
Dominica Office of Disaster Management Unknown Unsure
Grenada National Disaster Management Agency No No Plans
Guyana Civil Defence Commission Unknown Unsure
Haiti Directorate of Civil Protection Unknown Unknown
Jamaica 321?: of Disaster Preparednemsd Emergency No response Unknown
gement

Montserrat Disaster Management Coordination Agency No response Unknown

St. Kitts and Nevis| National Disaster Management Agency No response Unknown

St. Lucia National Emergency Management Organisation No No Hans
tsht.e\(/Biqugr?Q(tiiigds National Emergency Management Organisation No response Unknown
Egi:gc? and Office of Disaster PreparednemsdManagement No In the process
;I;lljerll:]zzndCaicos Department of Disaster ManagemantiEmergencies Unknown Unsure
Suriname National Coordination Centéor Disaster Relief (NCCR) No response Unknown

Two of the Caribbean stakeholders (Trinidad and5. Survey of Critical Infrastructure Interdependency
Tobago and the British Virgin Islands) have shown Simulation Tools
marked interest in including CIlI Simulation ithe  gince the emergence of Cll modelling and simulation
with The University of the West Indig&/WI) while the jnyestigation revealed that significant number of these
Department of Disaster Management of the Britishigo|s were either proprietary software, not available for
Virgin Islands has also indicated interest in doing theprocurement, or are now defunct. This section highlights
same.These findingcorroboratethe observation made ggme of the software tools which include aspects of ClI

by Carby(201]) that no Caribbean disaster managemenisimylation and modelling for which information was
office reported a budget for research.
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avdlable and which are actively maintained by their HAZUS is available through FEMA.
companies.

5.2Critical Infrastructure Protection Decision
5.1HAZUS Support System

HAZUS is a geographic information systdmased Critical Infrastructure Protection Decisiorsupport
natural hazard developed and freely distributed by theSystem(CIPDSS is a dedsion support tool that aids the
Federal Emergency Management Agency (FEMA)s user in assessing candidate decisi(@8’DSS, 201p
an auxiliary tool for estimatm physical, economic and The tool combines simulating the event and assessing
social impacts of disasters which are critical data forrisk while considering threats and vulnerabilities
generating scenarios for Cll simulatioflfEMA, 2014) associated with the emergency scenario whether
It graphically highlights locations at high risk of manmade or naturdsee Figure R CIPDSS models the
earthquake, hurricane and floods. Users can then viewnterdependencies of up to 17 types of Critical
how populationdensities relate to assets and resourcesnfrastructures and Key Resourd®HS, 2015 and the
thus providing data that can inform decisions onmutual impacts upon each other. The model includes
resource management and risk mitigation. After thecritical infrastructure sectorsenergy, communications,
analysis is run, the details of the extent of damagdransport, agricultre and economy.
expected to specific structures, infrastructures and loss CIPDSS Simulations model the use of resources
of resources arshown along with the overall economic such as hospital beds, and the operation of emergency
impact of an event. personnel. Results of the simulation can include hospital
HAZUS operates on ESRI's ArcGIS software, a bed usage, average time waiting for care, a count of
tool that some Caribbean agencies are already equippddtalities and the cost oflamage.CIPDSS has been
with. It also has the advantage of already beingreviewed by academia and industry analysts. However
compatible withthe SUMMIT Platformfor visualisation  the software is the property of Los Alamos Laboratories
(SUMMIT, 2015) The technical support and training for and requires procurement and licensing.

I& Critical Infrastructure Protection Decision Support System
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Figure 2: CIPDSS Screenshot

5.3 Disaster Response Netw& Enabled Platform

Disaster Response Network Enabled Platform -(IEP/12Sin) was developed by the 12Sim/BDIREP group ofThe
University of British Columbia(UBC, 2015 Marti et al., 2008 to model the interdependencies among critical
infrastructure (CI). It allows aordinated decision making to inform allocation of resources and heldsritfy the
parts of the system which carry the highest priority for restoratien afdisastefsee Figure 3)
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Figure 3: 12Sim/DRINEP screenshot

A variety of case studies have been performed usingesponse to a crisis that requires magacuation. The
I2Sim. These include an earthquake in Guadeloupe, andimulations depict how mass evacuation will impact
various scenarios for the Vancouver 2010 Wintercritical infrastructure and resource consumption such as
Olympics. 12Sim has also been successfully utilised forfuel, water, first aid, and shelter. The simulator is built
modelling the failure of a municipal water syste on ArcGIS and simulates congestion considering time
(Shypanski et al., 20)1The tool is continually under and geographical farmation. Results take the form of
development and the power of 12Sim lies in its resource consumption figures and charts showing the
abstraction of critical infrastructure problems such that anumber of affected people receiving treatment and
wide variety of infrastructures can be modelled using afinding shelter.
common framework. The results are viewed via Even though this software is closely related to the
monitoring the output of any combination of particular field of Cll and covers some of the same metass Cl|
infrastructures in the network, such @ number of simulator does (such as hospital beds available), the
treated patients discharged by a hospital emphasis of Sim Disaster is on evacuation and egress.

Since 12Sim simulates the interaction betweenInfrastructure such as electricity lines, water pipelines
different infrastructures and resources, it can easily b@nd gas pipelines are not considered in the model (see
used to assess policies and disaster response procedufggure 4). This softwarmustalsobe paid for
concerning coordination of these entities. 12Sim’s
developers have indicated that steps aeend) taken 6. Comparative Analysis

towards enh_ancing the tool with the capabili'gy to p comparison ofsimulation software ws madeto
automate this type of assessment and find -fitest getermine which would be suitable for ClI simulation in
solutions for policy makersl2Sim is not distributed the Caribbean gee Table 3. Non-proprietary software is
commercially but is available via collaboration with preferred, since Caribbean agencies do not thaee
participating academic and researaoktitutions. Of the budgets of larger, more developed nations. The
region’s institutions, The University of the West Indies fjexipility offered through open source solutions is
has an omoing collaboration withThe University of  nyreferable given the diverse operational contexts;
British Columbia on this project and has commencedyqgitionally, they allow for regional innovatiotthrough
research and software development in the field of CIl.  ,stomisation to meet local needde sofivare should
) ) ) ] be able to simulate CIl in the steést sense.

5.4SIM Disaster - Modelling and Simulation Furthermore, since data collection infrastructure in the

Consequence Management System Caribbean is weak the software should not require very
This is a FEMAfunded tool inspired by the popular detailed data input. Finally, the availability of local or
videogame Sim CityMATRIC, 2011). It was developed regional support is paramnt to the longevity of any
to assist in planning for preparation, recovery andtechnology based disaster risk reduction prognam
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Figure 4: Sim Disaster Screenshot

6.1 Critical Infrastructure Sectors modelled
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Resilience(DHS, 2015 PPD, 2013 listed in Table 3. It
Additionally, a key metric for comparing Cll simulation iS noted thathis acknowledges a tool's modelling of
tools is the mmber of critical infrastructure sectors damage sustained in a particular sector even if the

which are facilitated. The tool should ideally facilitate information does not anslate into modelling the
modelling the sixteen critical infrastructure sectors asdependency of other critical infrastructures on that
envisaged by The White House's Presidential PolicySector.

Table 2: Basic Comparison of Simulation Tools

Simulation Tool Proprietary Open Source Cll Modelling (in the strict sense) enableq Local/Regional Support
HAZUS Freel available No No No
CIPDSS Yes No Yes No
12Sim No Yes Yes Yes
Sim Disaster Yes No No No
Table 3 Comparison of Cl Sectors facilitated by each tool
Simulation Tool Chemical and Hazardou Commercial Communications Critical Dams Defence
Materials Facilities Manufacturing
HAZUS Yes - - - - -
CIPDSS Yes - - Yes - Yes
12Sim Yes - Yes Yes Yes Yes
Sim Disaster - - - - - -
Simulation Tool Emergency Energy Financial Services Food and Government| Healthcare
Services Agriculture Services
HAZUS Yes Yes - Yes - Yes
CIPDSS Yes Yes Yes Yes - Yes
12Sim Yes Yes - Yes - Yes
Sim Disaster Yes - - - - -
Simulation Tool Information Technology Nuclear Transport Water and Wastewate| Postal and Shipping
HAZUS - - Yes Yes -
CIPDSS Yes - Yes Yes Yes
12Sim Yes Yes Yes Yes Yes
Sim Disaster - - Yes Yes -
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6.2 Cll Software Features It is worth noting that although two tools may

Anotherway of comparing these simulation tools is by include the same featyréhey may vary in the level of

comparing the features afforded by eésie Table 4)A sophistication with which tafeature is implemented.

comprehensive ClI tool would include features such as: For example, 12Sim's egress modelling is rudimentary

e  Physical Disaster Mode © that the effect of a compared to thaif Sim Disaster.
particular disaster type can be automated and .
randomised when running simulations. 6.3 Summaryof the Analysis

. Empirical Data Models, where the simulator The two tools that provide Cll modelling functionality in
facilitates automated incorporation of collected the stricer sense, such that the cascading effect of
infrastructure data and third party data into theinfrastructure failures upon other infrastructures is
mocel. specifically modelled, are 12Sim and CIPDS®hen

e Egress modellingto simulatethe movement of considering the number of CI sectors facilitated by each
people and its effect on infrastructures and tool 12Simsurpasse€IPDSS, whereas when the special
resources. features of tools are compared CIPD®8ers the

e Spatial datsource integration where GIS ad.van.tgg. As the co.mparison is aimed _a;_assessing
information can be incorporated into the model andsuitability for the Caribbean contexccessibility and
there is compatibility with widely used software Support are of significance. 12Sim carries an advantage

such asArcGIS or even Google Earth. in this regard since it is ngproprietary, open source and
is regionally supported through academia.

Table 4 Comparison of Cll Software Features

Cll Physical Dsaster Models Empirical Data Models Egress modelling Spatial
Simulation Tool Datasource integration
HAZUS Yes Yes No Yes
CIPDSS No Yes No Yes
12Sim No No Yes Yes
Sim Disaster No No Yes (Detailed) Yes

7. Conclusion (2001), Dominica: Natural Disasters and denomic

. Development ina Small Island Sate Disaster Management
Critical Infrastructure Interdependency has been Facility, World Bank, Washington DC

identified as an important field in assessing a nation’s Olcarhy, B. (2013, The Caribbeanimplementation of the Hyogo
community’s vulnerability to disaster in the Hyogo Framework forAction HFA: Midterm Review Disaster Risk
Framework for Action as well as by the UNISDR and Reduction CentreThe University of the West Indi¢<Castries,
the WMO. Caribbean disaster management agenciesCDSé'{;‘;'-“Z‘gi‘- CDEMA NDC C L istCarbbean Di
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Abstract: Soilmetal sliding resistance forces are influendsdfactors such as soil physical properties, the geometrical
characteristics of the tool and the speed between the two interacting suadenetal sliding resistance has a negative
effect on the operation of earthorking machines. It results in increased downtime for cleaning tool surfacesased

draft forces, and increased fuel consumption during the operation of the machinery thug lEadeduced operation
efficiences.This results in increased operational cost to the end #sewnious research exists on the subject area. However,
there are few equipment that have been designed to adequately measure the dynamithdbrerst during this
phenomenon. In this paper, sailetal sliding resistance tests were performed by incatpay a soilmetal adapter tool
(SMAT) to a Hounsfield tensometer. This permitted measurements of the dgmeesioh the SMAT as it moved on the soil
surface. Data on the normal stress against shear stress at th@daihterface for some commonilsan Trinidad were
obtained. The measured shear stress at thetaoilinterface was separated into the components of adhesion constant and
external friction angle. Soil penetration resistance measurements werdaiksn. Analysis of variance showedttlthe
experimental factors such as soil type, water content and compaction efforighdidant (P < 0.001) effect on adhesion
constant and the external friction angle. Regression models were developeditb fhe behaviour of the soil and the tool

at the boudary surfacesThis information could be used in performing simulations at thetsollinterface and thereby aid

in improving designs of eartlvorking tools. Also the information could be used in improving soil management practices
during tillage operations

Keywords: Adhesion, Friction, Soil, Metal, Sliding, Resistanc

1. Introduction working equipment (SahandRaheman, 2006; Patel and
Soil-metal sliding resistance can be described as th&rajapati, 2011). Both physical properties of the soil and
binding force that exists between the soil and solidthe tool influence adhesion (Sharifat and Kushwaha,
(metal) area of contact (Ren et al., 2006). This2000). Some of these soil properties ideluwater
phenomenon occurs when frictional forces and adhesiv€ontent, void ratio, organic matter content, grain size
binding forces between the soihda the surfaces in distribution and clay content of the soil (Onwualu,
contact are greater than the cohesive forces of the sofi010). Tool properties include the tool material
aggregate (Ren et al., 2001). Adhesion of soil on earthcharacteristics, the geometry of the tool, surface
working equipment and machinery results in downtimeroughness of the tool and the speedpération (Ren et
for cleaning, increasefuel consumption, draft of the @l, 2001). Footaine (1954) when investigating the
machinery, loss fopower of the machinery, and reduced ef_fe_cts of normal loads on so_ll found th_at the -sadtal
efficiency and quality of work (Wang et al., 1998). s_lldlng resistance can be attributed entirely to the water
Earthworking tools and machinery are constantly film between the jointed surfaces of the suétal
subjected to adhesion between soil particles and théterface. _
surface of the tool during operations such as tilling, ~ Adhesive forces are at maximum levels when the
drilling, and excavating (Ramsahai et al., 2011). water content is .between thg plastic and liquid limits of
Soil-metal sliding resistance is a factor which is the particular soil (Ramsahai et al., 2011). Khan et al.,
normally considered when designing eastbrking (2010) h|gh||ghted the effects of varying water content
machinery and equipment (Shen and Kushwaha, 199820 soil adheswe_property and showed map!artlcular
It is a function variable in the fundamental earth movingSCil would have its highest value of adhesion at water
equation (FEE) for draught requirements for earth contents between 22% and 32%. This range also
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corresponds to the plastic limit of most soils in Trinidad paper investigates the effect of varying water contents

(Roopnarine et al., 2012). and compaction efforts on sliding resistance forces at the
Satomiet al. (2A2) identified that adhesive stress soil-metal interface of three local soils. A soiktal

decreased as void ratio increasddnce the bulk density adapter tool (SMAT) device was designed and

and thus soil compaction will also influence adhesion.fabricated. This device allowlethe determination of

Sakharov et al. (1973) and Ramsahai et al. (2011foefficients of adhesion and friction of specific solil

indicated that the value of adhesion is highest in claytypes with varying water contents of the soil.

soils. This is due to the finenesktbe particles and the

greater surface area developed at therseial interface. 2. Materials and Methods

Soil-metal sliding resistance is a complex processthree local soils, Piarco sandy loam, Maracas clay loam

and very difficult to measure. The process is aand Talparo clay (Table 1) were used to represeme
combination of adhesion and frictional forces (Soni andof the major soils in Trinidad. These soils are a

Salokhe, 2006). #thors such as Shrivastava et al. representatie of the three common soil textures
(1993) have proposed a simplified equation (Equation 1}ommon in Trinidad Dehumidified soil samples were
to relate the phenomenon. ground to passhrougha 4.75 mm sieveParticle size
1 =C o+ otan (5) (1) analysis ¢ee Table 1) was carried outising the
wheret is the sliding resistance stress andi€the stress hydrometer method (Lambe, 1951). The organic matter
due to adhesiony is the normal stress acting on the surface contentin the samples was measured using the method

and3 is the external friction angle advocated by Walkley and Black (1934). The
This equation can be further rewritten as equationmeasurement of organic matter was done for
(2) developed by Chancellor (1994). completenessin determining the sd# physical
1= (A N+o) @) propertes However, organic matter was not considered

. . . . as a factor in these test The plastic limit test was

In this format the coefficient of friction S canieq out using the method descriigdDas (2012).
represented gs and is equal to tarb]. The term, AiS  The initial water contents of the soil were determined by
the adhesion stress constant divided by friction. Thepe gravimetric method (Das, 2012). Wabentents in
equation argues that the combined effect of the adhesioge samples were then increased by adding the amount
(An) and normal stresses)(results in a total normal  of water required for soil testing.
stress (Chancellor, 1994). This total normats$ when To determine the sliding resistance between the soil
multiplied by the coefficient of friction gives the sliding ang a tool, a special device called tué-metal adapter
resistance stress. Further the factors that affect thgyg (SMAT) was designed, fabricated anded as a
coefficient of friction ultimately affect the sliding special attachment to the horizontal Hounsfield
resistance stress _ _ _ tensometerseeFigure Xa) and b)). The SMAT device

Limited tests on soil adhesion properties have beefls compised two parts one part is a moving blade
perfamed on local and regional soils of the Caribbean.yhose surface roughness was 1ub®and the other is a
Perusal of the literature revealed no information on the&;yed modified compaction moulds¢e fgure 2. The
combined effects of water and compaction on-s®@tal  compined apparatus measured the sliding resistance
sliding resistance forces. One of the main readons o ces between the metal blade and the soil surfaces. To
this deficit could be the lack of spitised laboratory  measure soil penetration resistance on the soil surface, a

test equipment. Results from saietal = sliding  hand pushed sprirype Proctor Penetrometer (ASTM,
resistance experiments would be beneficial to thejggs) was used.

agricultura) mining and construction industries as such  gefore placing the soil samplesin the Hounsfield
data would assist engineers and scientstmodel the  iensometer. each sample was compacted in the
behaviar of soil under varying conditions. Such models compaction mould using the standard Proctor

would be useful in simulations awdnbe applied inthe  compaction method (Lambe, 1951). Three levels of
design analysis at the sadol interface, hence, compaction efforts (5, 15 and 25 Proctdows) were

improving the design of eartorking equipment and  gpplied each at four levels of watantent (15%, 20%,
thereby optinsing efficiencies during operatisn This

Table 1. Classification, organic matter, the particle size distribution (#d)mastic limit for the soils

Soil Classification’ Organic Matter Sand Silt Clay Plastic Limit
Series Content (%) (0.06.002 mm (.06-.002 mm (<0.002 mn) (%)
Piarco Aquoxic Tropudults 1.7 64.9 17.0 18.1 20.29
Maracas  Orthoxic Tropudult$ 4.7 44.7 24.7 30.6 23.37
Talparo Aquentic Chromuderfs 2.7 25.4 28.3 46.3 27.13

& Classification according to Soil Taxonomy System (Soil Survey Staff, 18@@)bers in superscript are soil mineralogy given b
Smith (1983) and represent (1) kaolinitic clay (2) clayey oxidic anth{@®d clay mineralogy
® All values are means of threeplicates
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25% and 30%).The range of water content was chosenslow speedfor easily obtainingmeasurements. For the
to represent those close to the plastic limit of all threefirst run, no normal load was added. Thereatfter, loads
soils. For each sample of soil tested, four normal loadsvere added in incrementEach time a new load was
of zero (0) kg, 1.0 kg, 2.0 kg and 3.0 kg mass wereadded the surfasef the soil samples werrolled. This
added incrementally. Two replicates were done for eactiormed part of the preparation method

test The measured resistive forces occurred mainly at the
interface of the soil and tool and were a combination of
frictional forces and dwesion forces. In our
investigations, we applied varying normal forces per unit
area 6) at the soitool interface and measured the
corresponding resistive shear foreg ger unit area. The
approach as discussed by Koolen and Kuipers (1983)
requires that plots ofr againsts be done Hence, values

of adhesion constant(fand external frictional anglé)
were graphically extrapolated.

This experimental investigation uses disturbed
samples for measuring soiinetal sliding resistance
forces. Though diurbed soils cannot fully replicate
natural soil conditions they are suitable when seeking to
simulate the tilled layer of soil (Moldenhauer, 1965)
which is highly compactable. Woodburn and Kozachyn
(1965) and Rose (1962) worked with disturbed and
undistubed samples and observed that the relative
readings of the strength parameters of the soil they
measured remained the sameéa£Xorita et al. (2002)
showed that laboratory procedures using disturbed soils
can be used to characserisoil conditions asound in
the field as long as only small stresses are applied to the
soil during handling. In the present research, soil
samples were not compressed after collection, but were
gently fragmented and quickly air dried before sieving
through 5 mm openings inorder to minimse the
disruption of the aggregates in the laboratorywd#s
therefore expected that results in this research will not be

e —————— significantly affected by soil structure condition.

Figure 2. SMAT Tool Assembled in Tensometer and under 3. Results and scussion

Operation . .
(a) Horizintal Hounsfield Tensometer Cavity Table 2 showsthe values of th maximum sliding

(b) Moving Tool Place (Dimensions 70 mm (L) x 70 mm (W) x 90 mm resistance stress (Tmay), the adhesion (§ constant,

Figure 1: (a) Soil-Metal Adapter Tool (SMAT) and
(b) Horizontal Hounsfield Tensometer

© @) (d (e

"

~

(H) external frictional angled) and penetration resistance
(c) Extended Rod for Placement of Weights (Dimensirésmm x 180 . 9 60 p

mm (H)) (P) for three soil types at varying water contents and
(d) Fixed compaction moul(Dimensions 350 mm (L) an@ 100 mm for compaction levels. The highest T Value for any soil

semicircle) occurred at 20% water content and this was similar to

e) Compacted Soil R
©) P values of 8. The highest values for 1,5 Were observed

for Maracas clay loam soil. The values tranged
Before testing, the surfaces of the compactedbe‘twee” 15.7to 71.9. Maracas clay loam also had the

samples were rolled forward and reversed twice with dlighest value 06. The lowest 5 value occurred at 30%
miniature roller. Then the Proctor Penetrometer wasWvater content for each spiith Talparo clay having the
placed on the surface of the soilwo readings of lowest value. For Talparo clay, after 20% water content
penetration resistance were obtained. The swsfafctne  there was a greater ceasein the value of the external
soil samples were again rolled forward and reversedtiction angle. Seemingly, this can be dttied to the
twice. The compaction mould was then placed and fixedhigher % clay conterdf the soil and the onset of the

on one end of the tensometer while the blade Wag)lastic limit. This Supports the work done by Sakharov
attached to the opposite end and its bottom surfac&t al., (1973) who showed that after the 20% water
moved over the sosurface ¢eeFigure 2). A constant content as soils approached the liquid limit, soils
speed of 20 mm/min was maintath for half hour on decreased in frictionalesistance and acted more as a

each test20 mm/ min was chosen asiét asufficiently ~ lubricator to implements.
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Table 2. Values of the measured parameters for the three soils

Water Soil compaction Levels
content 5 Proctor blows 15 Proctor blows 25 Proctor blows
Soil (%) *Tmax **Cy 8 (U) P Tmax Ca 5 (U) P Tmax Ca 5 P
type (kPa)  (kPa) MPa (kPa)  (kPa) MPa (kPa) (kPa) () (MPa)
Piarco 15 7.90 1.99 60.7 5.33 4.03 0.91 43.4 8.50 341 043 422 9.00
Sandy 20 9.31 2.18 65.2 0.98 4.60 1.30 45.0 0.95 4.40 0.59 48.9 1.70
loam 25 6.20 2.40 49.1 0.23 4.60 1.80 39.8 0.30 4.10 1.70 353 0.33
30 6.00 2.80 43.9 0.25 5.20 2.50 39.2 0.10 3.60 220 220 0.10
Marac 15 7.60 1.66 60.9 10.2 6.50 1.40 57.2 11.6 6.24 0.84 58.5 14.2
as clay 20 12.1 2.00 71.9 4.70 7.51 1.69 60.5 4.80 6.80 1.10 59.9 8.60
loam 25 8.62 2.90 60.2 1.60 6.13 1.80 52.8 3.00 6.35 1.60 551 3.30
30 10.6 5.70 56.6 1.02 8.74 4.50 52.3 1.20 7.08 3.10 504 141
Talpar 15 3.83 0.22 47.6 19.3 3.50 0.22 44.8 22.6 6.24 470 256 23.3
o Clay 20 5.43 0.97 53.3 6.10 5.32 1.80 47.1 9.00 7.22 3.50 486 12.5
25 4.22 1.98 341 345 5.17 3.14 31.7 6.60 7.80 6.25 25.0 5.88
30 5.91 4.16 27.7 1.20 7.47 5.70 28.1 3.10 8.55 7.62 157 3.40

* Tmax IS Maximum sliding resistance; **@& Adhesion constant{ is the external friction angle, and ** P is the Penetrometer Resistance.

Values of G increased exponentially with increasing increase with increasing clay, water conteranad
water contents foall soils ranging from 0.22 kPa at 15% compaction efforts. The mean values for Penetration
water content to 7.62 kPa for 30% water contevith resistance (P) generally increased with increasing clay
Talparo clay having the highest value at 30% waterand compaction efforts, and decreased with increasing
content followed by Maracas soil and Piarco sandy loanwater contents. Hence there was similarity betwegn C
in that order. Soils with substantial clay content teamd and P with respect to clay contemtd compaction effort
bond closer together. Hence there is greater attraction byhile the reverse was the caee water content. Mean
clay soil particles to metatesulting in the increase in external friction also increased with water content from
the adhesion constant. This infers that higher clayl5% to 20% and thereafter decreased as water content
content in soils increasehe adhesion of the soiThis increased to 30%. Its values generally decreased with
supports the work bgakharov et al. (1973%enerally, increasing ompaction effort. The mean values for
penetration resistance decreased with increasing watenaximum sliding resistance (tma) and the external
contents varying from 0.1 MPa to 23.25 MPa with thefriction angle varied in a similar manner to the
highest value again for Talparo clay soil at 15% waterexperimental factors. Hence the external friction angle
content. It was observed that soils with highv@lues  may be the dominant component in the sliding resistance
had corresponding low P values and vice versa. equaton (.e., Eguation(1)).

For Maracas clay loam and Piarco sanolyn soils, The analysis of variance shows that the main effects
the penetration resistance increased while slidingof soil type, water content and compaction effort as well
resistance, external friction and adhesion decreased withs the interaction effects were all significant for the
increasing compaction level$his can be attribed to  measured parameters. The water content was the most
the increase in cohesive bonding between particles wheimportantfactor followed by soil type and compaction
compaction was increased. This showed that the moreffort. As shown in Table 4 soil type had a greater
compact the solil isthe less likely it offers frictional influence on external friction angle than water content.
resistance at the saihetal interface when a tool moves In addition, the most significant interaction between the
over the surface. Thisorcurs with the work ofSatomi  three experimental factors was that betwseil type
et al. (2012) who mentionedthat an increase in void and compaction effort. The main and interaction effects
ratio resulted in a decrease in adhesive stressesftheseexperimental factors are discussed below
However, the more compact the soil, the higher the
penetration resistance. Hence eavtitking tools spend 3.1 SoilType and Water Content

more energy ipenetrating these highly compacted soils The interaction between soil type and water contseg (
than on overcoming the frictional resistance offered bYFigure Fa)) showed that at lowwater contents, the
the soil on the tool as it moves through the soil. Fora|yesof adhesiorfor the soils were similar but varied
Talparo clay soils, the penetration resistance, slidingmmensely on increasing water content to 30%. At low
resistance and adhesion increased with inaigasi water contents there were small variations in external
compaction while external friction decreased. friction angle among soil types (see Figure 3(b)).
Table 3 summases themean values of Tmax G, 8 However, as soitypes approached 20% water content

and P for different experimental factors. Generally thethe values of theexternal friction angle converged As
mean values fothe adhesion constant (Cshowed an
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Table 3.Mearf values of adhesion, external friction angle, sliding resistance and penetrattanoeiir the three soils

Factor level Adhesion Constant, External Friction Angle, & Max. Sliding Resistance, Penetration Resistance, |
C, (kPa) (0) Tmax (kPa) (M Pa)
Soil type
Piarco Sandy Loam 1.74a 44.56a 5.26a 2.29a
Maracas Clay Loam 2.35b 58.01b 7.86b 5.47b
Talparo Clay 3.35¢c 35.78¢c 5.88c 9.69¢c
LSD (p = 0.001) 0.10 1.65 0.27 0.50
Water Content (%)
15 1.37a 49.0a 5.46a 13.77a
20 1.68b 55.6b 6.96b 5.48b
25 2.62c 42.56¢ 5.9c 2.74c
30 4.24d 37.3d 7.01d 1.28d
LSD (p = 0.001) 0.12 2.02 0.33 0.62
Compactioreffort
5 Proctor blows 2.41a 52.6¢ 7.30a 4.51a
15 Proctor blows 2.22b 45.1b 5.72b 5.98b
25 Proctor blows 2.80c 40.6a 5.97bc 6.97c
LSD (p = 0.001) 0.10 1.65 0.27 0.50

@ Mean values for each factor were obtained by averaging the measuresl ear the levels of the other two experimental factors. Number of
experimental factors was 72 representing a factorial experiménthwite soil types, four water contents, three compaletiats and two
replications. Values followed by differeletters in each column were significantly different at the 0.1% level

Table 4.'F values in the analysis of variance for the measured parameters.

Sources of variation

Degrees of freedom  Adhesion constant  External friction angle Penetratiomesistance
Soil type 2 845.9 524.6 625.2
Water content 3 1605.1 197.3 1059.6
Compaction effort 2 113.1 153.6 69.9
Soil type x water content 6 149.7 12.3 79.4
Soil type x compaction effort eff 4 895.6 18.6 9.0
Water content X compaction effor 6 25.5 8.3 9.0
* Not significant at 1% level
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Figure 3. Effect of Interaction between water content and soil type on (a) adhesion (b) eikietinalangle (c) penetration resiatze

the water content increased beyond the 20 % water In Figure 3(c), at lowwater contents, there was
content, there were large variations in the externalconsiderable variation in penetration resistance among
frictional angle value among the soil types. Hence highsoils but with an increase in water content, the
water contents especially greater than 20% decreased tlpenetration resistance for all soil types converged. Hence
external friction angle for all soils. at high water contents, penetration resistamenong
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soils did not vary considerably when compared to soilsFor each measured soil parameter, the experimental
at low water contents. This agrees with the work byfactors were used to generate linear multiple regression
Ekwue et al. (2014) that at water contents of soils belowequations that could be used foregiction. The
their optimum water contents (OMC), penetration multiple regression equations are of the form:
resistance varied widely but at watlevels greater that Y=a+b (M) +c(Ct)+d (Pc)
the OMC, there were little variation among the Where: Y is the measured ; ¢ adhesi

. parameters o1 adnhesion

penetration reS|star}ce of soils. The penetrat,'on Iﬁes'st""m“t%nstant, external friction angle and penetration resistance; M
thus had the opposite effect to that of adhesion constantis the water content (%); Ct is clay content (%); Pc is

®)

3.2Soil Type and Compaction HEfort

The interaction of soil typend compaction effort on
adhesion constam$ depictedin Figure 4 It showsthat

at the low compaction effort of 5 Proctor blows, the
values of adhesion for the three soils were close to ea
other while at the 25 Proctor blows, the difference in the
values for the three soils widened. Hence soils that ai
loose or not heavily gopacted will have little variation
in their adhesion constarilowever,as the compaction
effort increases, the variation in adhesion constar
increases among soils; and soils with high clay conter
having the greatest values. Compacted clay particle
havea higher attraction than sand or silt particles. Henc
they bind better to metals and therefore stick to met:
surfaces easier than other soil particles thus offering
higher adhesion constant than other soils. This agre:
with the work reported by Khan et al. (2010).

3.3Derivation of RegressionEquations relating
measuredsoil parameters to experimental fctors

compaction effort and a, b, ¢, and d are empirically derived
coefficients (see Table 5).The signs of the experimental
factors obtained confirm how the factors affected the measured
parameters.
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Figure 4. Effect of Interaction between compaction effort and soil
type on adhesion

Table 5.Values of coefficients in multiple regression Equation (3) relating theurezhparameters to experimental factors

Experimental

Factors: Adhesion Constant (kPa)

External Friction Angle%) Penetration Resistance (MP:

Total Intercept -3644.00
Clay content, % 57.34
Water content, % 191.40
Compaction effort, kPa -
Number ofobservations 72
Multiple correlation coefficient 0.714

85.20 14.2
-0.36 0.26
-0.96 -0.80
-0.02 0.003*
72 72
0.520 0.877

*Not significant at 1% level

4. Conclusion

At low water contents, soils of diverse texture exhibit

Water content and soil type had the greatest influence ofiimilar sliding resistance.

the soitmetal sliding resistance forces while compaction

effort had the least influence. At 20% water content, allReferences:
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Abstract: In the early morning (about 5:30 AM) of Friday 19th April 2013 a motor vehicle fell in a 13madeep5m
wide ravine, which had rapidly formed across a major road, at a cubregsing at Pont Cassé in the island of Dominica
(15°N, 16W) in the Lesser Antilles. There were intermittent heawysrai the preceding three days, and particlylauring

the preceding twertfour hous. About400 mm of rain is believed to have fallen on the catchment upstream of the culvert
crossing. This accident unfortunately led to the death of two persons. This#teiote, based on a site visit during Sth

7th May 2013, first outlines the hydrologic and hydraulic setting of the road collapseell as the unavailability of event
specific hydrologic data. It concludesessentially using heuristics, judgment and transpostitwat the probable causes of
the road failure were twofoldfirstly, a flash flood, arguably, with a return period in excess of 100 years, and secandly, a
inadequate maintenance of a concrete culvert in a terrain prone to slope instabilityhddt with the following
recommendations (a) there is a need to expand the network of recordirgaraies and streaigauges in Dominica for
preparing Rainfall Intensitpuration-Frequency and Flood Frequency Curves respectiviely an optimal design of
hydraulic structures; (b) the Caribbean Council of Engineering Orgaitin should undertake the preparation of a code of
practice for engendering the same in the islands of the Commonwealth Caribbean) anthéaforementioned islands,
there is a need for preventive maintenance anaftofitting of culvertand bridge crossigs

Keywords: Culvert, Dominica, Flood, Rain, Road, Scour

1. Introduction 11'5'3:*_ e - :
This technical note refers to the scour of a road during G Fy i : q:r"f"’:";-'--' o
flash flood in Dominica (1%, 16W), which is a gy g L - L el
island in the Lesser Antillegsee Figure 1) Some -L,i.;"m"'.'wf" | ;
specific aspect®f this event are as follows: about ""*’E._Hﬂ;u g L | -
5:30 AM on Friday 1¢h April 2013, a motor vehicle fell i ;‘%fﬂm [ ey o
in a 13m deemnd 25m wide ravinewhich had rapidly il ,.f';:l:;_*.l s e
formed across a major road, at a culvert crossing at Pc =™ G e "
Cassé. There were intermittent heavy rains in the ™= b 5 o aizin
preceding three days. A neacording raingauge m e, : ok
located about two kilometers awagdicated that during - e e AR 4
the preceding twenty four hours, about 400 mm of rail i, h=55x P —‘;:izl
might have fallen on the small catchment upstream ¢ S PEETT yiaae Bume
the said culvert crossing. This accidentPont Cassé . - d
unfortunately led to the death of two persons. Thi: e B s
technical note presents a brief outline of observatior  mmews o e tm)“ﬁﬁt::_ : _'.:..;._'
made during a site visit two weeks after the incident an e WAL i ' L’ 3
attempts to highlight the underlying causes. Its objectiv * iy i Fuh'-z,_,_ R : £
is to reinforce te need for hazard resistant design o CHRey el ikl
Civil Engineering infrastructure in the Commonwealth Fsan iy _“ 1r,.i_u'_<.._’.’>.'¢.
Caribbean Region. ST e

Poah Mra i o e |
2. Hydrologic Setting —" Ve
Dominica is a mountainous island where precipitation i: s Friperin
dominated by its orographigee Figure 1)indeed, itis &5 e orps Crnel

considerd a natural laboratory to study tropical Figure 1. Dominica: An island in the Lesser Antilles
meteorology (Smith et al. 2012). SourceMacmillan (2006
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Specifically, its orographic enhancement factor, Thus, if we scale the Melville Hall Daily Rainfall of
defined as the ratio gbrecipitation between high and 129 mm on 18th April 2013 to Pont Cassé, we arrive at
low terrains, can range between 2 to 12 during a stormfigures which are close ®100 year 24 hour rainfall at
Not surprisingly, its average annual rainfall shows aan orographically similar location in Puerto Rico (US
marked spatial variation ranging from a high of more Department of Adculture 1961) Further, although a
than 7,600 mm at its highest elevation to about 1,50@emporal distribution of the rainstorm is not known, a
mm at sa level. In such a hydrologic setting, a carefully cloudburst and flash flood cannot be ruled out. Indeed,
planned network (WMQ2008) of recording and nen there is a record of a cloudburst rain of 198.12 mm in 15
recording rairgauges and streagauging stations is minutes at Plumb Point in Jamaica in 1916 M,
essential for hydraulic engineering design of highway2009). However, a cloudburst (defined as rainfall
drainage structure§HWA, 2002. In particularthere is  intensity greater than 100 mm/h over a short duration) is
a need for Rainfall Intensity Duration Frequency (IDF) almost an unknown mestale weather system
Curves and streamflow frequency curves. However, theéhroughout the world; since ragauge networks
current data base of hydrologic information in Dominica generally are unable to capture it due to its highly
is limited to a record of daily rainfall at only a few localised occurrence (Thayye8013).Figure 3 shows a
locations and sporadic stradlow measurements across photo taken on a collapse of a road at Pont Cassé on
the island. 19th April 2013

Unavailability of hydrologic data in Dominica, as
mertioned earlier, provides a wethown paradox to
Engineering Hydrologists (Prakash999). Onthe one
hand there is the scale and complexity of hydrologi
processe. On the other hand there is often ai
insufficiency of hydrologic data in terms of temporal
length, spatial extent, continuity and accuracy
Moreover, engineering projects cannot wait fo
sufficient hydrologic data to be collected. Under suc
circumstance use of heuristics, transposition anc *
judgment is therefore inevitable. i

Figure 2 shows thathe catchment upstream of the
road breachis approximately 0.5 kmand is almost 2
entirely forested (Google Earth). It seems to have an Figure 3. A photoshowing a ollapseof aroad at Pon€assé
average slope of 9% and a time of concentrationf
about 17 minutesThere is a 3:1 ratio between the .

Annual Rainfall at Pont Cassé and Melville Halg ~ 3- Estimation of Peak Flow

Army Corps of Engineer2004) In Engineering Hydrology, it isecognsed that peak
flood flow estimation for 50 and 100 year return peyiod
based on extreme value probability analysis of stream

- - flow record is the gold standard. This is because stream
L ird ! y flow is the output of a catchment in response to a
& precipitation iput. However, such an analysis requires
v K 3 20 to 30 years of stream flow datahich is generally
" L not available especially in developing countries. In the
o T Fakest ——— = absence of a suitable stream flow record, the appropriate
Pl R e hydrologic method for flood peak flow estiriat is the
e Y application of an event based rainfall/runoff model such
"l 1 i g T as the Triangular Unit Hydrograph proposed by the
f | ) . . A Natural Resource Conservation Service (Chow et al.
1 Y f i 1988, NRCS 1986). This however, requires an IDF
’ . Vo " 3 curve for the catchment in question, and land use and
i G ; .. topographic information. When neither of these two
; = —| Py hydrologic methods is possible, Global and Regional
8 o Frequency Analyseswhich are generally used for cross
1 “_ Lot {7 checking the estimates of the previously mentioned two
- [ methods—can be applied asa primary method of
N #f L Ll , . estimation.
! i e | 1 (Scale 1:2,500) . . . :
i : ' It is against the foregoing background, that this

Figure 2. Estimated catchment area upstream of the road collapsereport estimates, as a first approximation, the likely
Source: Coopef2013) return period (probability of occurrence) of peak flow
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which occurred during the breach of the road on thepossibility of any backwater effect downstream (which
morning of Friday 19" April 2013. It does so by a would have led to outlet control) is also ruled out.
combination of Global and Regional Flood Frequency  As stated previously, a mathematical analysis of
Analyses (DHV Consultant4998,Meigh et al, 1997).  flow through a culvert under inlet control condition is
Specifically, Mean Annual Flood (MAF) is estimated difficult due to complex physics. Therefore, physical
first and it is then scaled up for higher return periods.scale models are tested, for critical situations such as
For estimating MAF a regression egoat for West  culvert spillways goig through earth dams or in lock
Africa (< 8N) is selected, since in the author's gates, to observe and calibrate its hydraulic
experience its hydrology is similar to that in the characteristics. Nevertheless, an approximate
Caribbean. This perhaps should not be surprising, sincenathematical analysis is possible from first principles
Caribbean Weather Systems normally originate off the(Prashun 1987), from the geometry of the indetd the
coast of Africa. The MAF equatio includes the original road crossection(seeFigure5b).

catchment area (AREA) as well as the Average Annual
Rainfall (AAR), and gives an MAF of approximately 2
ms* for the stream at Pont Cass&¢Figure 4 for an
AREA = 0.5 knf and AAR of 6,645mm.

Figure 5. Reconstructed Road Cross Section

SourceGay(2013)
. . .
T i e T Hydraulic analyses under inlet control with a
Uy e LT e e S PR headwater depth at the road crest level (i.e. 8m) gave a

Figure 4. The stream aPontCassé peak discharge, of the 1.2m diameter culvert, as
11.3ns*, entrance velocity of 13 m/s, an inlet velocity
Regional correlation with the Global Frequency for Of. 10.5 m/s f“””i_”g 95% 1ull, an outlet v_elocity_of 10m/s
the stated region in Africa shows that a 50 year returﬁNIth culvert flowing ﬂf"' Such a v_elocny_ regime can
period peak flood is about two times the MAF and a 1p0mparta force (approxmately 50 kN which isabout
year peak flood is about three times the MAF half of the atmospheric pressust sea levelon a

Subsequelyt, comparison with the hydrdalcapacity of dislocated/exposed culvert joint.
the failed culvert indicates a rainstorm of return period > . .
100 years. 5. Failure Mechanism

An attempt can also be made, with an accurate mag he mechanism of road failure remains open to question.
of the catchment and rainfall at Pont Cassé (if belatedlyOn one hand, there is a possibility of a peak flow
available), to distribute the 24 hour rainfall using Type €xceeding the culvert capacity. This can cause failure
Il Distribution and compute the peak flow using the due to combined @rflow erosion and progressive jet
NRCS method (NRCS1986). The visually estimated €rosion at culvert jointgthrough joints dislocated by
curve number (about 50) would need to be corrected fotraffic vibration, slope instability or seismic activity over
antecedent moisture condition (AMC IIl) in view of time) commencing at the outleséeFigure §. On the
about 200mm of rainfall, at Melville Hall, in the other hand, if the culvert capacity was not exeek
preceding two days. This estimate can act as a -crosghere is the possibility of failure entirely due to
checkof the peak flow estimated earlier. This is an areaprogressive jet erosion of dislocated culvert joints

for further work . commencing at the outlet. One interim conclusion that
can be made from these perspectives is that, irrespective
4. Hydraulic Setting of the failure mechanism the chei of reinforced

oncrete box culvertFHWA, 2005)is clearly superior
or a replacement structure.

Now sane comments on field evidenca begin
with, the presence of gabion baskets at the downstream
end GeeFigure?) raises the possibility that there sva
downstream slope failure and dislocation of 1m long

Given that the channel slope downstream of the culver
outlet is much steeper (17%) than the culvert eslop

9%, the possibility of culvert operating under outlet
control does not arise. Further, in view of near vertical
drop of 5m approximately 14m from the outlet, the
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culvert pipe segments some time prior to the eviEms Furthermore the shape of the three post failure
observation underscores the need for a regulacross sectional profiles (0+087, 0+089 and 0+091)
inspection, and preventive maintenance of bridges andeems to indicate an overflow. It is hoped that a
culverts. Besides, the inlet structureg$égure8) and  geotechnical analysis/numerical simulation may resolve
upstream segments of the culvert remained intact (sethis contradiction. This thens another area for further
Figure 9) and give credence to the argument that aninvestigative work.

overflow did not take place.

6. Discussion

Failure of culverts and bridges due to scour phenomenon
is not uncommon across the world, and often leads to
loss of life (Kala, 2014, Murillp 1987, Polemio and
Lollino, 2011). With reference to the Commonwealth
Caribbean region, there seem to be four primary causes
for such failures. Firstuncertainty in egtating the
magnitude and intensity of a rainstoria due to
insufficient  hydrologic data Second, equally
unpredictable is a catchment’s response to a given
rainstorm, underscoring the need fogood quality
informationon land use, topography and geologhird,
there is frequently,an absence of a code of practice or
guidelines for the design of drainage structures, which
results in subjective design criteria. Finally, there is the
ever present issue of poor maintenance of infrastructure.

7. Conclusions

Admittedly, the hydraulic and hydrologic analyses lack
rigour primarily due to unavailability of event specific
hydrologic data. In such circumstances, methods of
analyses depend more on the data available than on the
nature of the problem posed. NeWetess, it is believed
that in due course more information may be obtained
which can permit a deeper investigation of the event.

Meanwhile, the following interim conclusions may
be made (a) the scour failure at a culvert crossing at
Pont Cassé can be attributed to concurrent occurrence of
a storm of a return period in excess of one hundred years
and overflow on the road embankment. These
circumstances were exacerbated by dislocated joints of
concrete culvert segments arising from prior slope
instability; (b) there is a need to expand the network of
recording raingauges and streagauges in Dominica.
Specifically, Rainfall IntensipurationFrequency and
Flood Frequency Curves are needed for optimal design
of hydraulic structures; (c) the Caribbean Cadurnd
Engineering Orgasation should undertake the
preparation of a code of practice for the design of
hydraulic structures in the islands of the Commonwealth
Caribbean; and (d) in these islands, there is a need to
regularly inspect, repair and retrofitileert and bridge
crossings.
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Abstract: The inhibiting effect of Moringa Oleifelaaf extract on the corrosionf a reinforced steel bar in 2/¥olutionof
hydrogen chloride (HCljvasstudied using gravimetric, gasometric and potentiodynamic polarizationiteeds. The study
revealed that as the concentration of the extract increases, the inhibifioierefy increasesn all three investigation
scenarios 1.0 g/l attaired the efficency of 92.31 % after 120 hours exposdueing gravimetric measuremerithe volume
of the hydrogen gas evolved reduces ithincrease in the exposure time durithge gasometric testt was noted that the
extract slowed down the corrosion rate and the rate at which the hydrogen gas evolved. @tierfafan adsorption layer
on the surface of the metal reduces the rate at which hydrogen gashvedwhich isa function of the concentration of the
extract. Potentiodynamic polarization results revedléhat the Moringa Oleiferdeaf extract modifies the mechanism of
anodic dissolution and cathodic hydrogen evolution. It was also obs#raethe corrosion current density decreases with
the increase in the concentration of the extract. This decreas@iiosionis dueto increased blockingf the metal surface
by adsorptionof the leaf extractFrom the results, it can be concluded that Moringa Oleifeed extract can be used as a
green inhibitor to slow corrosion of metatsaggressive media.

Keywords: Moringa Oleifera leaves;orrosion rate,weight loss hydrogen evolutionpotentiodynamic polarization

1. Introduction anothey or conditioning of the corrosive environment by

Corrosion processes are responsible for losses anifle removal of oxygeror electrochemicatreatmentof
failures in the industrial sector. It can be viewed as ahe metalby cathodic protectioor the use of corrosion
universal phenomenorCorrosion occurs irair, water,  inhibitors (Bradford, 1993). _ _
soil and in every environmerind often affects most The use ofa corrosion inhibitor hd gained wide
materias. Other than material loss, corrosion interferes@cceptance as a means of preventing corrosion in
with human safety, disrupts industrial operations ar1d|ndus'Fr|es. Corrosion inhibitors can b_e defined as a
poses danger to the environment. Nations of the worldchemical substance that retards corrosion when added to
loose a considerable amount of thegross domestic @n environment in small concentration without
product GDP) as a result otorrosion, for example the Significantly changing the concenii of any other
United States and the United Kingdom loose about $7¢0rrosive agent (Bradford, 1993). It is widely accepted
billion annually accounting for about 4% of their thatthecorrosion inhibition process takes place through
national GDP (Gerhardus et al., 2002). A devieigp physical or chemical adsorption of .t.he |nh|b’|tor.
nation like Nigeria willmost likelybe spending a huge Molecules on the metal surface (Kairi and Kassim,
fortune on corrosion control annually. 2013). In recent timessome industrial corrosion
Steel is one of the most versatile; least expensivdnhibitors are no longer usémcause they contamghly
and widely used engineering materials. It has a widdoXic compounds such as chromate, phosphate and
range of mechanical and physical properties thatenta ~ arsenic. 'Thus, there is a need for a swt'able substltute,
suitable for many applications in the industrial sector.Which will not only be environmentally friendly big
The use of metainvolves a major setback-corrosion ~ /S0 safe dr the operator to use (Odusote and Ajayi,
attack(Raja and Sethuraman, 2009). Problems caused b 013). _Green inhibitors contain alkaloids, tannins and
corrosion can be reduced or minged by many ways, lavonoids and other active agents (Chowdhatyal.,

such as conditioning the metal byating the metal with 2004 El-Etre et al., 2005) which contribute to their
inhibitory properties. The majorsource of green
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inhibitors is plant, and they are now being widely  Tablel.The chemical composition of the reinforced steel bar

studied as a viable replacement for the toxic and harmfuU™ Element Percentage Element Percentage
synthetic inhibitors being used in most applications. (Wt%) (Wt%)

Several studies have been conducted to examine tt g 8-?3;8 ﬁ}! 8-88;8

. . " . | . | .

use .of plant extracts as corrosion |nt_ob$ in various Mn 0.5790 Nb 0.0001
media. Some of these plants includ&ithonia s 0.0420 B 0.0020
diversifolia (Alaneme and Olusegun, 2012)sertia P 0.0540 W 0.0001
coccinea(Lebrini et al., 2011)Rice husk (Alanemet ﬁf g-igég "('/0 8-88%
al.,, 2015); Telfaria occidentialis (Oguzie, 2005); Cu 0.3080 Fe 98.1260

Nicotiana tabacum(Olasehindeet al., 2013); Justicia
gendarussa(Satapathyet al., 2009); Jatropha Curcas
(Odusote and Ajayi, 2013; Ajagt al.,2014; Olusegun
et al., 2013); Water hyacinth(Oloruntobaet al., 2012); i )
Curcuma LongdKairi and Kassim, 2013Phyllanthus The procedure for the preparation of the leaves extract is

amarus (Okafor et al, 2008): Carica papaya(Ebenso similar to that reported by Odusote and Ajayi (2013).
and Ekpe, 1996)Azadirachta indica(Ekpe et al. FreshgreenMoringa Oleiferaleaves wee obtained from

1994) andMoringa oleifera(Singhet al.,2011). the surrounding®f The University of llorin, and then
Moringa Oleifera (MO) is a perennial plant that Washed, cut into piecesand air dried before

grows very fastand flowers within 12 months of pulverization. 200 grams of the pulverized leavese
planting. It is one of the nm widely spread plant soaked in 250 cfof methanolin a conical flask. The

species that grows quickly at low altitude in the Wholeresulting solution was left fo48 hours and then filtered.

tropical belt, including arid zones. It can grow on sandy '€ filtrate was bsu_bjecrt]ed to e‘;]ap‘?“”r‘]t.'g.”. at room
or |Oamy soil having relatively low humldlty temperature to obtain the extradthe inhibition test

(Ndabigengeseret al., 1995). All the parts oMoringa solutions were prepared from the extract to obtain 0.2 g,

Oleifera (MO) plant are useful. Oil can be extracted 04 9- 0.69, 0.8 g and 1.0 g in 1 litre of 2Wdrogen

from its seeds to be used as coolants; cosmetics, cookirﬁiﬂor'de(HCI)'

and soap. The press cakes (i.e. what is left after the oil ,

extraction) are used as soil fertilizer. Pods and leaves argS Weight loss measurement

consumed both by humans and animals, ag toatain ~ The preweighed test specimens were immersed in the

many vitamins. Significantly, the extract from the leaves2.0 M HCI solution with and without varying

of the tree is used in engineering as a corrosion inhibitoeoncentrations oMoringa Oleifera extract. After 24

(Nnanna and Owate, 2014). hours, the test specimens were retrieved, washed with
Singh et al. (2011) studied the effect of theuit distilled wate, rinsed with ethanol, dried with acetone

extract of shahjarMoringa oleiferg onthe inhbition of ~ and reweighed usingn electronic weighing balance

the corrosion of mild steel in hydrochloric acid solution (HX 302T with 0.01 g accuracy). The difference in

using weight loss, electrochemical impedanceweight was taken as weight loss. The same procedure

spectroscopy  (EIS), linear polarization, and was repeated after 48, 72, 96 and 120 hours exposure.

potentiodynamic polarization techniques (Tafel). TheFrom he weight loss data, corrosion rate, inhibition

inhibiton was found to increase with incremp  efficiency (IE%) and surface coverage (0) of the plant

concentration of the fruit extract in the acid solutibn.  extract were calculated using Equations 1, 2 and 3,

this study, the inhibiting effect dfloringa Oleiferaleaf respectively.

extract on the corrosion of reinforced steel bar in B = cned 1)

hydrochloric acid solution was evaluated using AT

gravimetric, gasometric and potemtynamic ~ whereCRis corrosion rateW is the weidt loss (g) A is

polarization techniques. This is in continuation of thethe area of the coupon in émand T is exposure time

2.2 Preparation of theMO leaf extract

developmental work on green corrosion inhibitors. (hours).
Inhibition efficiency from weight lossE,,) and surface
2. Experiment Details coverage @) were calculated using Equations 2 and 3,

2.1 Preparation of the steel test samples respectively.

The reinforced steel bar was obtained from Prism Steel ['E 4§ = (1 — '::q—"'} x 104 )
Rk

Mill Limited, South West, Nigeria. Its chemical )
composition was determined usiag Optical Emission ~ WhereCRy, and CRyianc correspond to the corrosion rates

Spectrometer and the results @resented in Table 1. in the presence and absence of the extract, respectively.
The steel sample was cut irgieces measuring?2 mm x @)

6 mm, polished using emery paper, degreased in ethanol,
dried inacetoneandthen storedn desiccators.

=

Surface coverage, 8 = f;I =

1+ [P
SRl
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2.4 Hydrogen evolution measurement - _ Vo= Loy
i ) Surface coverage, = TArg (6)

The hydrogen evolution measurement was carried out *ary

using gasometric assembly. The preparadocent (2M IE O = 1 pnrr—learr = 100 )

HCI) was poured into 100 ml twoecked flask and the T

initial volume of the air in the 50 ml burette was wherel.,, and |’ are corrosion curre density in the

recorded. Thereafter, thwready weighedest specimen  presence and absence of the extract, respectively.
was dropped into the HCI solution. The flask was

quickly closed to ensurthat it was air-tight, prevening 3. Results andDiscussion
the escape of gases. The volume of the hydrogen gag
evolved from the corrosion reaction was monitored by ) ) ] .
the downward displacement of water. The absorption "€ Phytochemical screening of théoringa Oleifera
time was noted. The displacement was monitored by th&éaveswas carried out and the resularepresented in
volume change in theevel of water in the burette. The 'able 2 The resuli show that the extract contains
displacement was recorded at-@@hute intervad and ~ @NNins, saponins, alkaloids, cardiac ~ glycosides,
progressively for 3 hours and 20 minutes. This anthraquinones, flavonoids, phenol, oxalate, steroid and
procedure was repeated for a fresh inhibition test€rpenoid. This result is similar to the _experimental
solution of different concentration ®oringa Oleifera  results reported by Kasokt al (2010). Previousesults
leaf extrac(0.2 g/l, 0.4 g/l, 0.6 g/l, 0.8 g/l and 1.0 g/l). have attributed the inhibitory properties of most green
The inhibition efficiency and the degree of surface Plants to the presence of active agents such as
coverage from hydrogen evolution measurement werd!2Vonoids, tannins, saponins and alkaloids (E&pal.,

.1 Phytochemical Screening of théMO Leaves

determined using Equations 4 and 5, respectively. 1994; Ebenso and Ekpe, 1996; Lebrgti al., 2011;
o Odusote and Ajayi, 2013; Ajayet al.,, 2014 and
TE, oh =-S5—&1 ¥ 100 4) Alanemeet al.,2015.
Yo
SV [ —— — YHo- YHo
5":'-#' sl _rﬁge-,ﬂ Faa ®) Table 2. Phytochemical screening result of tleringa Oleifera
where}i,;. is the volume of hydro enh as evolved in the leaves
HEG _ ydrogen g SIN Constituent Moringa Oleifera leaves
blank solution and’; is the volume of hydrogen gas 1 Alkaloids +
evolved in the presence d¥loringa Oleifera leaf 2 Cardiac glycosides ++
extract 3 Tanmn_s +++
’ 4 Saponin +
5 Anthraquinones -
2.5 Potentiodynamic polarization measurement 6 Flavonoids +H+
his | | h . ialof th Ki 7 Terpenoids +
This involves changing theotentialof t e working 8 Anthraquinone -
electrode and monitoring the current that is produced as 9 Oxalate +
a function of time and potential. This test was carried out 10 Phenols +
using a threelectrode cell assembly at room _11 Trypsin +

temperature with the AUTOLAB PGSTAT 204N Key:-=absen_t; +=p_resent in minute amount; +=present in moderate

. amount; +++=present in an appreciable amount.

instrument. The metasamples of area of 1 énmvere

embedded in resins. The embedded metal sample was

used as the working electrode; the platinum electrode3.2Weight loss measurement

was used as the counter electrode esaturated Figure 1 ®ows weight loss with respect to exposure

silver/silver chloride asthe reference electrodeThe  time to Moringa Oleiferaleaf extract. It can be deduced

electrolyte usedar this study was 2M HCI solution with  that there is a significant reduction in the weight loss of

varying concentratis of the extractand without test specimens immersed in varying concentratioin

extract the extract in comparisorto the blank solution.

The working electrode was polished with different grits Additionally, as the concentration of the extract

of emery paper until the surface became smooth. Théncreases, the weight loss reduces. The reduction in the

open circuit corrosion potential was carried oot 80  weight loss could be attributed to the adsorption of

minutes until a stable potentiavas attained. The tannin, alkaloids,and flavonoids, among othersThe

potentiodynamic polarization study was carried out fromadsorption of these compounds on the metaface

cathodic potential 0f250 mV to an anodic potential of creates a barrieto the dissolution of the metal in

+250 mV with a scan rate of 1.0 mV® determine the  corrosive medium (Oguzie, 2007). The 0.2 g/l recorded a

current density, corrosion raeand inhibition efficiency  weight loss of 0.19 g after 120 hours of exposure while

(IE%). at the same time for 0.4 g/l recorded 0.07 g, 0.6 g/l
The surface coverage) and inhibitor efficiency  recorded 0.07 g, 0.8 g/l recorded 0.06 g and 1.0 g/l

(IE%) were determined using Equations 6 and 7,recorded 0.04 g as shown as in Figure 1. This indicates
respectively.
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that the weight loss is highly dependent on theinhibitor concentration buthis wasnot consistent with

concentration of the inhibitor. the time of exposure. This is due to the formation of a
protective film which is as a result of transition of the
metal/solution interface from an active dissolution state
to a passive state.

1 ¥ o By Table 3. Inhibition efficiency of reinforced steel bar for various
concentration oMoringa Oleiferaleaf extract at different time of
exposure
. ¥ - Time of Inhibition efficiency (%)
: =B L exposure | Blank | 0.2 0.4 0.6 0.8 1.0
- . ——1L¢ (Hours) g/l g/l g/l g/l g/l
b '“1--_ I ——— 24.00 - 52.63 | 63.15| 57.89 | 57.89 | 63.15
:'_ 48.00 - 77.27 | 95.45 | 95.45 | 95.45| 95.45
i o B S 72.00 - 76.92 | 92.31| 94.87 | 92.31 | 94.87
96.00 - 70.21 | 87.23 | 89.36 | 91.49 | 93.62
Figure 1. Weight Loss in the steel test sample against time of 120.00 - 63.46 | 86.53 | 86.53 | 88.46 | 92.31
exposure in acidic medium with and withddibringa Oleiferaleaf
extract

Therefore, the extract at this concentration protected

_ o ) . the reactive surface of the metal from the aggressive

Figure 2 presents the variation of corrosion rate againsgn\ironment of the acidic medium as reported by Ritchie
the exposure time. It is very obvious from Fig@rthat 54 Bailey (1999. This observation agrees with the

the corrosion rate of the reinforced steel bar in theresuls obtained bySinghet al., (2011), which revealed
absence of the plant extrai¢creases witthe increase that the inhibition of corrosion of mild steel in

in concentration of the extract. The result after 24 hourfhydrochloric acid solution by the fruit eatt of shahjan
revealed that the values of corrosion rate of the steel bf(ﬁ\/loringa oleiferg increased  with  increasing
in 2M HCI decreased with increase in the concentration,oncentration of the extract. They also concluded that

of Moringa Oleiferaleaf extract This suggests thasa he fryit extract ofMoringa oleiferacould serve as a
the concentration of thextract increases, there is an viable inhibitor of the corrosion of mild steel in

increase in adsorption of the extract constituents on th?nydrochloric acid solutionHowever there is a little
surface of the steel bar which resulted in the reduction 0fjgcjine in the inhibition efficiency after 72 hours

the corrosion rate (Nnanna and Owate, 2014 gyhosure.  The reason could be attributed to the
Okoronkwoet al.,2015). adsorptive film of inhibitor thatsettles during the
immersion time. After the formation of adherent and
compacted adsorptive film the effect of the exposure
time becomeless significanbecause of the presence of
[I, barrier between the metal surface and the inhibitor
(Faustinet al, 2015, Liet al, 2012).

f ' | Lot 3.3 Hydrogen evolution measurement
s | | g The volumes of hydrogen gas evolved in thespnce
| | " and absence oMoringa Oleifera leaf extract are
| " Lo LEETT presented in Table 4. The results showed that the volume
: ! L l_ | | of hydrogen gas evolved increases with time but

decreases as the concentration of extract increases. This
indicates that the rate of the dissolution of the metal was
) S _ _ retarded, leading to reduction of .HReadings ofthe
Flgure_ 2. Variation m_the corrosion rate of t'he relnfqrced steel bar lowest and highest volume of hydrogemolved vere
against exposure time W'?X?rggtw'thm”nga Oleiferaleaf noted in the 1.0 g/l and blank solution, respectively.
These resuls conform to the conclusiordrawn by
Odusote and Ajayi (203)3that the rate of evolution of
The stability of inhibitive behavior of thextract ~ydrogen gas decreasas the concentration increase

was assessed by the trend of the inhibition efficiency a@nd the least value of hydrogen gas was recorded at the
a function of time. The values of inhibition efficiency Nighest concentration. The higher volume of hydrogen
(IE%) for each concentration dfloringa Oleiferaleaf =~ 92S evolved in the blank solution suggests that there is
extract ararecorded in Table 3. It was observed that the"0 @dsorption layer to inhibit the reaction of the acid on
inhibition efficiency increases withan increase in
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the surface of the metal according to Nnanna and Owate3.4 Tafel polarization
(20149. Figure 4 shows the potentiodynamic polarization csirve
It can be deduced from Figure 3 that as theof corrosion inhibition of the mild steel in 2M HCI the
concentration of the extract increases, the inhibitionabsence and presence of different concentrations of
efficiency also increases. This folls the same trend Moringa Oleiferaleaf extract It was observed that the
with the weight loss measurement. It can also bepolarization resistance (Rp) and inhibition efficiency
observed that there was aamlering of the inhibition (IE%) increase as the concenioat of the extract
efficiencies after 80 minutes. The corrosion inhibition of increases. The highest inhibition efficiency of 81% was
the plant extract on the surface of the steel may be due tobtained at 1.0 g/l concentration. This also indicates that
the phytochemical constituents present in tleaf more inhibitor particles were absorbed on the surface of
extract It can be observed that the inhibition efficiency the metal thus providing a wider surface coverage and
become more stable as the exposure time increasesthe extract acts amn adsorption inhibitor as reported by
This stability in the inhibition efficiency indicates that Mokhtari et al., 2013.1t can be observed from Table 5
the extract must have been fully absorbed onsilndace  that the corrosion current densityf) decrease with
of the metal. It can also be observed from the plot thatncreassin the concentration of the extract which is due
1.0 g/l possessed the highest value of inhibitionto the increase in the blocked fian of the metal
efficiency. This also suggests that the surface of thesurface by adsorption as reported by Foeidal. (2014).
metal was protected against acidic attack at higher The shift in the Tafel slopes of both the cathodic
concentration as reported by Uwethal. (2013. reaction (Bc) and anodic reaction (Ba) as shown in Figure
4 in the presence and absence of the extract suggest that
the inhibitor affecs both the cathodic and anodic
reactions. This also suggests tharinga Oleiferaleaf
extract is a mixed type of inhibitor. It can also be

Table 4. Volume of Hydrogen gas evolved with time of exposure
in the presence and absencé/ofringa Oleiferaleaf extract

Time of Volume of Hydrogen gas evolved in the presence . .

Exposure | absence of thBloringa Oleiferaleafextract (ml) observe_d from Figure 4 that as the concent_ratlon of the

(Minutes) extract increaseshere appears to be a shift todsr

Blank | 0.2 g/l | 049/l | 069/l | 089/l | 1.0gl/l more negative potential indicating that thdoringa

0.00 003 1003 020 | 020 | 020 | 010 Oleiferaacts as a good corrosion inhibitor.

40.00 080 | 060 | 060 | 040 |040 | 050 . .

80.00 >80 | 110 | 130 | o080 |o70 | 080 It can be observed that as the corrosion current density

120.00 | 400 |1.60 |190 |1.30 |1.10 | 1.20 (Icor) decreases, the inhibition efficiency (IE)% increases

16000 | 520 | 220 |220 | 190 | 150 |1.30 as the concentration of the extract is increased. This

20000 |68 [290 |260 |240 |2.00 | 150 suggests that the extract retatiisreactionsat both the
cathodicand the anodic sites as a result of coverage of
these sites by thenolecules of theextract as reported
by El-Shafeietal. (2004).

P '____d. —_— e i
% . ;- :
P L) P . Sl 2 -

Figure 3. Variation in the inhibition efficiency with time of
exposure in the presence and absence d¥itrenga Oleiferaleaf
extract

Figure 4. Polarizationcurves of reinforced steel bar in the
presence and absence of different concentratidfooinga
Oleiferaleaf extract

Table 5. Corrosion parameters of the test sample in 2 M HCI in the presence and aliglenicga Oleiferaleaf extract

Concentration -Ecorr lcorr Tafel Slope Rp (S} IE%
(afl) (mVvs SCE) (mAcm?) Ba Bc Q)
(mVdech) (mVdech)

Blank 458.06 617.53 70.375 72.329 25.085 0.000
0.200 438.9 44252 123.47 99.994 54.223 0.283 28.30
0.400 430.28 413.72 137.63 91.053 57.524 0.330 33.00
0.600 436.60 147.81 121.34 74.798 135.96 0.761 76.06
0.800 431.71 134.17 121.65 87.757 165.02 0.783 78.27
1.000 434.94 113.73 104.44 89.484 184.03 0.816 81.58
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Bradfrod, S.A. (1993) Corrosion Control, Van Nostrand
Reinhold, New York, U.S.A..

ChowdharyR., Jain T., RathoriaM.K., and Mathuy S.P.(2004)

The shift in Bc and Pa values as shown in Table 5
indicates that adsorption oMoringa Oleikra leaf
extract modifies the mechanism of anodic dissolution™, J Tt € . . _
. . . Corrosion inhibition of mild steel by acid extracts of Prosopis
and the cathodic hydrogen evolution, this reveals that the ;ifiorar, Bulletin of Electrocheistry, Vol.20,No.2, pp67-75

inhibition mechanism occurred by simply blocking the Ebensp E.E. and Ekpe U.J. (1996) “Kinetic study of corrosion
available cathodic and anodic sites of the metal surface and corrosion inhibition of mild steel in,8Q; using Carica

according to AbdeGaberet al (2009.

4. Conclusions
Based on tis investigation into the inhibition of the

corrosion of reinforced steel bar in hydrochloric acid

solution by the leaf extract d¥loringa oleiferausing
gravimetric, gasometric and

potentiodynamic

papaya leaves extrdctWest African Joumal of Biological and
Applied Chenistry, Vol.41, pp21-27.

Ekpe U.J., EbenscE.E.andlbok, U. J. (1994)“Inhibitory action
of Azadirachta indicaleaves extract on the corrosion of mild
steel in HSQ", Journal of the West African Science
AssociationVol.37, pp13-30.

El-Etre A.Y., Abdallah M., and EiTantay, Z.E. (2005)
“Corrosion inhibition of some metals using lawsonia extract
Corrosion Sciencev/ol.47, pp.385-395.

polarization tehniques, the following conclusions can El-Shafej A.A., Abd E-Maksoud S.A. and Fouda A.S. (2004)

be drawn
1) The corrosion rate of the steel harHCL solution
was found to decreasdgth increasingconcentration
of theleaf extract oMoringa Oleifera

2) The inhibition efficiency of the leaf extract of

Moringa Oleferais dependent on the concentration

“The role of indole and its derivatives in the pitting corrosion of
Al in neutral chloride solution” Corrosion SciencgeVol.46,
No.3, pp.579-590.

Faustin M., Maciuk, A., Salvin P., RoasC. and Lebrinj M.
(2015), “Corrosion inhibition of C38 steel by alkaloids extract
of Geissospermum leaves in 1 M hydrochloric acid:
Electrotemical and phytochemical studigs”’Corrosion

of the extract, and it increased with increasing ScienceVol. 92, pp.287300.

concentration of the extract in the acidic medium.
3)

As the concentration of the extract increased, the

Fouda A.S., Aggour Y., Bekheit G. and Ismajl M.A. (2014),
“Moringa Oleifera leavesextract asgreen corrosioninhibitor
for zinc in polluted sodium chloride solutions”, Intemational

cathodic evolution of hydrogen gas decreased and journal of Advanced Researatol.2, No.7, pp.11581170
the least evolutin was recorded at the highest Gerhardus, H.K., Michiel P.H.B. and Nejl G.T. (2002)

concentration.
4)

extract on the mild steel surface in HCI solution.
The leaf extrat of Moringa Oleiferacould serve as
an effective inhibitor of corrosion of mild steel in
hydrochloric acid solution.

5)
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Abstract: This paper pesents the design of a speeidfectswristmountedlamethrower. The device facilitates the illusion
of the user holding a flamim the palm. It is intended as a caxffective special effects device to be used in the local
entertainment industry. This paper covers the main issues that were cedsitleing the development of the flamethrower
from inception to the development bétfinal design concept. With initial tests of the prqietythe potential utility and
usability of the devicare demonstrated. The potential of the flamethrower as an enabling tool in the Special Effemts s
will also be discussed

Keywords: Productdesign, speciagffects, flame thrower, entertainment

1. Introduction being mounted in such a way that the flamethrower can

Computer animation of natural phenomena often sposebe worn close to the body and be triggered with the press
great challenges for visual effects teams. It is often veryf @ button. S _ _

difficult to realisticallyrecreate the fluidike motions of To pursue our objective, it waimperative to
water, wid and in particular, fire. Fire is one of the €xamine different types of flamethrowers to get a
elements that is most used in the entertainment industry}0listic view of the existing mechanisms and how these
and while there have been significant advances irfould be successfully adapted for use in the special
computational simulation, the visual reproductafrthe ~ €ffects industry. The majority of the flamethrower
elemens has yet to be captured in a retatisform. ~ designs outlined are the classic models #mat often
Additionally, the cost of creating these effects can beused in the military or for agricultural purposes. It is
very expensive. Given this, flmmakers sometimes opt toextremely  difficult to  obtain information  on
have their special effects teams build devices tha{lamethrowers that are used for special effects purposes
actually generate fire from controlled explosions andin movies as the creators most often do not make designs
pyrotechnics. This paper shas the design of a ayallable to thegeneral public. Qne such example is
flamethrowerthatcan be worn and be triggered with the Filmmaker Evan Glodell who built three flamethrowers

press of a button. for his film Bellflower (2011) one of which was a
regular special effects flamethrower while the other two
2. Background were fuelinjected exhaust flamethrowers adapted and

Fire effects are some of the most desirable effects ir‘im"’“hmj to the back of a mqscle car.
Gartrell (1965) describes the ideal portable

f_“Ode”‘ films However they often pose a _challenge: flamethrower asa weapon that is light, compact
_f|Immaker_s and \."S!Jal eﬁQCtS tgams_lshlave difficulty requires little training to operate, has a range of 100
in producing realistic looking animation effects. Nguyen meters or moreand has sekicontained pressisition

cxtibited by natural pheromens defies the abilty ofSSnSOn (1980, 226) describesa simpe flamethrower
y P Y Ohat can be built with everyday materials for a cost of

animators to produce realistic animations by hand. In th?ess than D00 USD. This includes:

era where unreallstllc visual eff(?(;ts are being harshly 1) A pump to propel the petroleum or other fuel out
reviewed by the audience and critics alike, there is need of the nozzle

for arealistic andsafe alternative . I
The aim of this project was to design, build and test a 2) S\Smepnglne, pressure tank or similar to power the

e 52 "2 sef AT ) A spraynozzle orspay o to propel an disperse
Y: P the fuel over a target and away from the hody

industry by creating a flamethrower that is capable of
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4) A lighting mechanism teset alightthe fuel as it liquid out. The fluid projector may be operated
leaves the spray nozzle automatically with the use of a remote or an automatic

5) High pressure hoses to circulate the fuel fitlvm  delay device. This then leads to the ignition of the
storage tank tdhe pump and thento the spray  incendiary agent. Figure 3 shows the main sections of
nozzle the Fluid Projectodeveloped by Hayner and Loew.

6) A pressure valve to relieve pressureghin the
recirculation systemThis involves returning the

unused fueto the storage tank [ e e e e
7) The fuel storage tank | #
8) A clutch or engine/pump coupling. This is used a¢ 4 _.-."__'.:'-"--:'-.

a safety mechanism to engage thedati only when O S|

the spray nozzle trigger is pulled. !

A portable flamethrowerdeveloped by Graham r—
(1947 boass of an improved gas ignition system and a
safety trigger that controls the ignition. Grah&t947) L )
decomposedis flamethrower into two main seatis: Lt e R
the fuel unit ¢comprised ofthe pressure system, part of B :
the fuel system and the carrying pack) and the flame gt
(which is comprisel of the rest of the fuel system, the
electrical ignition system and the ignition gas system).

The operation of thisflamethrower starts by
opening one of the valves to allow pressured gas from
cylinderto passhrough the pressure diffuser to the fuel
tanks. From there a second valve is then opened (this I
known as the fuel discharge valve) which propels th |
opening 6 a third valve. This third valve $es to the
emission of the ignition gas from the ignition gas
cylinder to the ignition trigger valve that is controlled by —— =
a push button. The flame gun is then gripped and the Figure 1. Two Main Sections of the Flamethrower
fuel discharge lever is disengaged by sligihe locking SourceAdapted from Graham (1947)
lever into a position where the catch disengages and the
generation of sparks begins. The operation trigger valve i
is then released to pernflow of the ignition gas into T RS GOMrEARE
the pilot vent where the pilot gas is ignited followed by o
the ignitionof the combustible mixture in the gas burner.
Release of the lever then results in the termination of the
flame by stopping the flow of the gas.

This flamethrower boasts of improved performance
due to the introduction of the pressure diffuser system.
The nozzle design is critical as it improves the distance
achieved by the flamethrower. Fingllthe use of the
electrical ignition system is vital as it improves the
safety and the reliability of the system. Figdreshows
the two main parts described forethfirst section
compriged of the fuel unit and the second section with
the flame gun. Figure 2 shows a detailed design drawing
of the ignition gas cylinder inclusive of the sparking
generator housing.

Hayner and Loew (1949) developed the fluid
projector 6 praducea flamethrower that was lightweight
and easier to use in tactical situationkere it would be
impractical and even cumbersome to use a traditional
flamethrower that would be carried on one’s back. The
fluid projector works on the principle ofrgssurising a Figure 4 shows the flamethrower ated by Benson
gas within the barrel of the system, thus forcing the fluid(1990). The system works by first setting up the pump
out of the container. The pressurised system can usand engine in order to start the circulation system at the
either a solid material to manually force the liquid out or storage tank. The pump, engine and storage tank are all
a highly compressed gas or propellant that forces th&louble connected using high pressure hogesthe fuel

Waim Section |

e ]

Figure 2. Sparking Generator Housing and the Ignition Gas
Cylinder. SourceAdapted from Graham (1947)
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discuss the consequencef a vessel containing
pressurised liquid gassbsingconsumed by fire.

Cooke et al(1997) conducted four liquid propane
jet fire impingementrtals. There was tank failure when
the tanks were unprotectedet fire, as defined by the
Health and Safety Executive (HSE), “is a turbulent
diffusion flame resulting from the combustion of a fuel
continuously released with some significant momentum
in a particular direction or directions”. This is useful

Figure 3. Main Part; of the Fluid Projector: The Pressure information as propane is often used in modern
Mechanism, Outer Cas"ﬂg:ml'\é%z)'e' Adapted from Hayner andg e throwers especially of smaller scaled design.

Cooke et als testing a standard two tonne tankas

consumedy fire and faied within 5 minutes ofhe jet
fire impingement with pressures ranging from 16.5 to
24.4 baty and temperatures ranging from 704to
1 87(°C. There was longitudinal splitting of th&nk
] leading tdfireballs (the rapid release of the contents after
the tank splits) and nois&éhe test also examiddhe use
of passive fire protectio(PFP)materials.PFPmaterials
prevent or slow the spread of fire through protective
coating. The two materials tested were a cementitious
i Terd coating and epoxy intumescent coating with the
" cementitiouscoating being the superior material for
containing the effects of jet fire impingement.

While the Occupational Safety and Health
Administration Act (OSHA 2004) does not expressly
provide guidelinesfor the production and handling of a
sl potentially flammal# device, there are general safety
guidelines that should be applied when dealing with
anything potentially flammable. This is detailed in part 5
section 29 of the act: “In every industrial establishment

Tl e Pk My e

F il Ligld

Ladpl il [RANEEIRG Funip Iria: =i Apririam Faca

Rt wred P there shall be provided, maintained and kept readily
Figure 4. Design of aypical Flamethrower available for use appropriate fire equipment approved by
SourceAdapted from Benson (1990, 26) the fire authority for fighting fire and the occupier shall

ensure that a sufficient number of persons trained in
using such equipment are available during the working
is pumped along the sygsh, the trigger is then pulled in  hours and a record of the nuentof persons trained and
order to disperse the fuel. As this is engaged, the lightinghe frequency of lectures and fire drills shall be kept and
mechanism is tggeredthus igniting the fuel leaving the presented on demand for inspection by the fire
spray nozzle. When the trigger is released, the lightingauthority”. Therefore when handling the testing of the
mechanism is disengaged and the pump sendsxtiess  device all fire safety precautions should be taken into
fuel through a pressure valve for depressiion and  consideratia inclusive of both personal protective
then back into the storage tank. The notable featfres equipment and fire safety procedures.
this designare a separate propane bottle which is used  Standard safety proceduresnclude the prompt
for the lighting and an aluminium rack at the bottlim  extinguishing of a fire by removing either the fuel source
bolting onthe pump, egine and storage tankhe entire  (disconnecting the fuel valve) or the exclusion of oxygen
system of pump, engine and storage tank can bey the use of blanketing agent such as foam, carbon
configuredin such a way that it can be either carried ondioxide, dry chemical or vaporizing liquidGuidelines
the back or left on the ground depending on how large for handling of flammable liquids and open flames and
flamethroweris needed sparksinclude
One of the most important aspectsthis project 1) Usingless flammable liquids when possible
was the attention to safety due to potential risk. The 2) Storing fammable liquids in closed containers
safety considerationshave been divided into two main  3) Limiting the amount of flammable liquid in the
categories1) The materials and design against fire and work area to only the amount that is required at a
2) safety precautiondor flammable or potentially giventime

explosive materials. One of the main desigmcerns is  4) Providingsafe disposal of flammable waste
the fuel storage tank. Cooke et g1997) extensively
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5) Prohibiing smoking, open flames or spark mechanism) and the mounted nozzle (the distribution
producing devices or equipment in the vicinity of system).
flammable lguids In order to use the Promethewdter strappig the

6) Providing adequate ventilation for all operations system onto the user, the butane tanks are loaded into the
involving the use or storage of flammable liquids flame pack housing and the covsused to depress the

7) Encouraging housekeeping to prevent the  top of the canister before locking it into that position.
accumulation of fuels and combustibles in the Two valves located along the tubing are then opened to

vicinity of open flames allow the flow of gasut of the nozzle that is mounted
8) Providingfire extinguishers where opdiames are  onto the palm of the glove. The piezoelectric spark

unavoidable generator is then used to ignite the gas flowing out of the
9) Providing adequate clearance between nozzle thus producing the flame stream. There are then

combustibles and open flame the methods of disengaging the systethiese areshown

10) Using certified equipment- Personal Protective in Figure 8.This is further elaborated on in Section
Equipment inclusive of fire resistant clothing, eye 4.2.1.
and face protection and safety shoes)

These safetyguidelines informed the building,
tesing, and use of this device.

3. Design Process and Final Design o q :
The design processvas astomised for the specific :: S

problem being considered (Otto and Wood, 200 1 - Ry
Clarkson and Ekert, 2005, Eppinger and Ulrich, 2007 Be s Pl

After identifiction of the need and setting desigi
requirements, an extensive conceptual design proc s
was executed to generate many design alternativ

These alternatives were evaluated and a final concept

design was produced. A functional prototype we
constructedand various tests were carried out to ensu

the device functions as intended. In addition, vario

safety tests were carried out based on safety guidelil J

for such equipment. ey AL AR 00 Sl AT
Given that the success of the flamethrower deper =" F=isrtasrs 2 ]

on its usability and safet(Rubin and Chisnell, 2008), i3 Popseliems Sk Tenen

these aspects were the focus of user testing in orde
demonstrate that the design will work as intended a
would be of value to potential users (Otto and Woo
2000, Eppinger and Ulrich, 2007). The testin
methodology andesults are presented in the user testit . ;
section of the .paper. T_his combination O_f both _funCtion“' Figure 5. Isometric View (top) and the Flame Glove Control
and user testing provided comprehensive evidence that (bottom) for Final Concept

the new flamethrower design can be a viable competitor

in a largely untapped local market.

-
A 1! Flaic Tanag

3.1 Flamethrower Design

The device developed was named The Prometheus ¢
the figure in Greek Mythology best known for his the'  arwe o s e
of fire for the benefit of mankind. Figure 5 show &i=iaria i bt
detailed drawings of the final concegdtthe Prometheus.
Like many conventional flametbwers the Prometheus
consists of three major working systems. These are:
the storage area and propellant system, 2) the spray
mechanism to distribute the fuel and 3) the lightir
mechanismFigure 6providesa closer look at the Flame
Pack. This isused as the storage area for pressuris
butane Figure 7 shows the flame glove system inclusiy
of the piezoelectric spark generator (the lighting Figure 6. Operation of the System
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Figure 7.The Flame Glove System Major Components and
Operation

b Deragh dur ik s e
LCLEITT TR TR S0 EFEE A o) ST H

Figure 8. Operation of the Gas Flow System

3.2 Sub-Assemblies within the Prometheus
3.2.1 The Cap for the Canister Holster

The cap for the canister holster doubles as a safety
mechanism as well as a method élepressing the top of

75

ﬁ”

Figure 9. A) Exploded View of Canister Cap (left) B) Collapsed
View of the Canister Cap (right)

Figure 10.A) Rest State of the Canister Holster Cap (left) B)
Canister Cap when Triggers are compressed (right)

3.2.2 Canister Holster Triggering Mechanism on
Flame Pack

Theflame packrequires safety precautions as this is
where the top of the butane canister épmkssed thus
releasing the gas in the first place. Ithereforethe first
point for safety mechanismét is imperative thatthe
design not only caters for depressing the button at the
top, but also for quickly releasing to stop the flow of gas.
This is achieved with the use of the specially designed
cap for the canister holster. Figure 11 shows the
collapsed view of the flame pack as well as the exploded
view showing all the components that comprise the
flame pack triggering mechanismFigure 12 shows
cross sectional view of the flame padlevealingthe
workings of the flame padk more detail

the butane canister. Figure 9A shows the exploded view

of all the components that comprise tamistercap The
canister cap has springoaded triggers that when
compressed can fit inside of the cap as shown in Fig
9B. This albws the cap to slide along the inside of tr
canister holstebefore locking into place and depressin
the butane tank top.

When the fuel supply is to be stopped, the trigge
are pressed and the spring on the top of the cap cove
released and pushes the cap upward. Figure 10A
10B are section views of the capxposing the
mechanism working on the inside of the cap.

.
1“"

Figure 11. The Major SubComponents of the Flame Pack in both
the Collapsed and Exploded States
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Figure 12. Cross Sectional View of the Flame Pack

3.2.3 The Flame Glove Controls

Figure 14 shows the controls of the flame glove. The
configuration is simpleit is the nozzle mounted tma
1.50” x 1.50"x 0.016” plastic plate. The piezoelectric
spark generator is connected onto the top of the plastic
board so that the sparking wires sit just above the top of
the nozzle. When the fuel flows through the top of the
nozzle the piezoelectric generator is knockerkating a
spark that ignites the fuefhe back flow valve must be
turned on to allow the gas to flow through the system
and out of the top of the nozzle. When the valve is
turned off, the flow of gas stops and thus the flame
stream will stop.

When the cap is disengaged, the cap triggers are o

top of the canister and the spring is uncompressed (thi
cap cannot go any higher than the locking collar that is
indicated). When it is engaged, the bottom of the cap
presses down on Hothe spring and the trigger of the

canister thus allowing the gas to flow into the tubes of
the system. This can be seen in the engaged state. Figu

13 shows the inner workings of thiéame canister
triggeringmechanism.

HE IR AT S I
Tow el Tanal s Teew

BT H [ THE - HT

B Eemny Belrnnndes
Bettiandie Sop of dir Cama
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Figure 13.The Inner Workings of the Flame Canister Triggering
Mechanism in the Disengaged State and the Engaged State

Figure 14. The Flame Glove

3.2.4 Material Selection

The maximum pressure inside the tubing was assumed
to be a worstase pressure of the canister containing the
fluid, which was 28 psi. The maximum working pressure
of the vinyl tubing selectedwas 55 psi (The Home
Depot, 2015). Therefore the tubing size was safe for this
application.

A 26 gauge sheet of auminium was used to
construct the flame pack itself. This material was chosen
for its flexibility and lightweight prperties. Aluminium
is the best material for the flame pack as it allows for the
device to be light enough to carry while still being
strong enough to support the butane canisters. The flame
pack contributes to the bulk weight of the deviBeass
releaseturn valves were used as the main method for
releasing or stopping gas flow through the systam
addition to being one of the safety features of the device.
This allows the user to easily contgdsflow by simply
turning the valve on and off like a taphese were
selected as the preferred fixtaras they are most
commonly used when dealing with gasdsch must be
cut-off without leakng.
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4. Experimental Testing of Prototype defect it is difficult to locate exactly the defect
4.1 Safety Testing Additionally it may be difficult to pinpoint the exact
4.1.1 Pre-Operation Phase Iocatlon_n‘ .the_ air bubbles obscure the tubes from view.
o ) ) These limitationswere compensated fohowever, by
Due to the nature of the projeand its use of highly the use of the multiple testing methods such as Visual

flammable materials, itwas imperative that all  |nspection and Liquid Penetrant Dye Testing.
precautions necessdbng taken to ensure thad physical

harm may come to people either testing the device or @ 2 Operational Testing

casual observer. Therefore several safety experiment .

were conducted liere testing with the butane and spark 221 Safety Mecharysm Te§t . ]
generator. This ensured the structural and desigr he safetymechanism tess a simple way of checking
integrity of the device. Liquid Penetrant Dye Testing andWhether the valves and the trigger can shut off the

Visual Inspectiorwere conducted system independently. The system is engaged and is
disengaged using the various mechanisms along the
4.1.2 System Connection and Leak Testing system. The three methods of shutting off the system

The System Connection and Leak Testing experiment igre:

a nondestructive testing method, testifog leaksduring
the operation of the devicehile submerged in a tank of
water. The presence of air bubbles is noted. Methéd
testing involved the following steps

1) The system is saip for use with the butane
canisters replacdaly compressed air canisters

2) The systemshown in the Figure 15s placed in a
small tank filled with water. These are the main
areas that must be airtight and thus the essenti
areas to be tested.

3) While submerged, the hand controls are engaged ('3.2.2 Flame Height Test
should be noted that the piezoelectric spark ] ] ) ]
generator is not present at this point) and the systerd he flame height test is a simple test to determine the
is allowed to run as normal. highestdistancethe flame carattainwhen the canister is

1) Shut off the wristvalve

2) Shut off the valve above the ftee pack

3) Disengage the canister by releasing the housing
trigger.

If the system can be disengaged by any one of the
methods, it is awarded a pass and if it requires more than
one method to disengage the system is awarded a fail.
This is done to ensure that least 3 safety features are
zilvailableat all times and are able to work independently
%0 shut off the system.

observationsnade aevery 30 seconds. is accomplished by gradating a board and placing it in
5) After the 3 minute period, the system is disengagedhe background and filming th'e tests. Thls is a .crude
and removed from the tank. method used to get the approximate maximum height (a

high speed camera is the preferred métfor taking this
reading), but it give a fair enough approximation to
determine if the objective was achieved. Figure 16
shows an image of the Flame Height Test with a
maximum flame height of 3 feet.

Figure 15. System undergoing the System Connection and Leak
Test

Although this test is a good one for checking for leaks
there are a few limitationg'hough he presence of the
air bubbles will indicate the general location of the Figure 16.Flame Height Test
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4.2.3 Sound Test some being involved in multiple activities)wbrkingin

The sound tests a simple test used during operation to film and television(66.66%), 3 irphotography(25%), 2
determine whether or not the system is leaking. This id" theatre (16.67%) and 1 inmusical concertsand
achieved by listening to the system while it is engagedPerformance(8.33%). 3 participants usenechanical

and determining ithere isa hissing soundindicating ~ €ffects (25%)in their work 9 participants useligital
thatthere may be gas leaks. If this is the case, the syste@ff€CtS(75%), 6 participants edive action(50%) and 3

is to be disengaged immediately and either the Soalgartlupants usenatte painting and still&5%). Table 1
bubble test is conducted or the fmeration testing shows their responses to the more general questions with
phase is repeated. This is the most common test used f§SPect to the device.

determine the leaks in the system. From the evaluation of the questionnaires all twelve
respondents found the device to beedaf use and easy
4.2.4 Soap Bubble Test to incorporate into their respective fields of the industry

(flmmaking and photography) with a very short-gpt

The soap bubble testeterming the location of a leak if tme (inclusive of stunt training required for the

sound testing indicates a possible gas leak. This is don N - )
by pasting soapy water along thegionwhere the leak 8perat|on). Additionally seventfive percent of the

is assumed to be and looking for the formation of thes>c"s have indicatethat the device was ergonomic.
bubbles in the soap. Ewould indicate the position of After the demonsitration eightiiree percent of the users

the leak intimated they would consider u§ing the c_ievice in _their
' work for the future. The device received positive
4.3 User Testing reviews overall with one respondent statingxcellent

) ) ) ~minimal/compact design approach to a normally bulky
A short demonstration was held in an open park. Thisagng dangerous device. Can be utilised as expected in a
demonstration included eight people involved in themyiitude of operations in many operating conditibns.

entertainment industrynainly in film and photography.  and another stating, “It is light, effective and completely
The demonstration was done to show the functionality ofautonomous which gives the user cortmleontrol. The

the flamethrower in addition tthe visual effects it is  flame size can be controlled which is a plus as it takes
able to produceAfter several screen tests and still shotsinto account all kinds of performances and visual
(seeFigure 17), participants were allowed to try on the effects”. These free responses are seen documented in
device and operate it for themselves. The footage angheir unedited form in Table 2.

stills that were obtained from the demonstration were

further distributed to another four individuals involved 5. Discussion

in The University of the West Indies, St. Augustine Film Thare  are many benefits toa wristmounted

Programme for their review. After the demonstration fiamethrower, especially in thentertainment industry
was completed, questlonnqlres were distributed andyt the start of this project, the device has sparedt
feedback was recorded (Rubin and Chisnell, 2008). interest mainly due to the lack of innovation in this area
in general, and particularly in the local context of
Trinidad and Tobag The intention is that such a project
will hopefully encourage more innovators to see the
opportunities for design and innovation in the local
environment.

There are many avenues for future development of
the flamethrower. Since thiprototype achievedts
objectives in terms of usability, safety and ergonomics,
further development can beursued Areas for
improvement include:

1) The development of the hawedntrol system in
order to achieve independent ignition.

: g A et 2) Further work on the mechanisms for chokihg
Figure 17.Still from the Prometheus Flamethrower flame and thys turning off the flame through the
Demonstration use of hand independent controls.

3) Development of the flame pack to further reduce
o . ) o the size of the device (although this is directly

Of the twelve participants involved in the validation proportional to the amount of fuel the device can
study, 8 were female (67%) and 4 were male (33%). In store as well as thmaximum flame height that
terms of the age distribution, 8 participants were in the may be achieved).

18-25 age group, 2 participants were in the326age 4) Experimentation with different gases to achieve
group, and 2 participants were over 56 years of age. different flame colours.
Participants were involved in various activities (with
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Table 1. Results from Questionnaire

Question Response
Yes No
Do you apply the use of Visual Effects or Special Effectim yvork? 66.7%(8/12) 33.3%(4/12)
From the Demonstration do you consider the Prometheus tHeoner safe to use? 100%(12/12) 0%(0/12)
Do you consider the Prometheus Flamethrower as one thayisoease? 100%(12/12) 0%(0/12)

Do you consider the Prometheus Rhmower a Special Effects Device that would be easy to incorp{ 100%(12/12) 0%(0/12)
into your area of the entertainment industry?

Do you consider the Prometheus Flamethrower as one that is easyponstt little time consumption?| 100%(12/12) 0%(0/12)
Do you consider the Prometheus Flamethrower as one that is elig@iien8 responders for this 75%(6/8) 25%(2/8)
guestion as the remaining four would not be able toedisthis from video footage and stills alone).

Would you consider using the Prometheus Flamethrower infyture projects? 83.3%(10/12) 16.7%(2/12)

Table 2. Responses to fre@sponse questions

Q: In your own words,| “Operates as desired, safety hazards have been well reduced to within Téesmodel is robust and will not
describe your initial require costly approaches when modifying or adjusting.”

thoughts and feelings| “lI would definitely like to use this in my next project!”

with regards to the “Amazing”

Prometheus Special | “It was easy to use and | felt safe and comfortable.”

Effects Flamethrower | “l especially liked that it was very small, simple to setmpnoeuvrable and could be operated by one person. Thi
Demonstratn. can potentially lead to a more efficient workflow on the set (gpeincrew and time). To be able to achieve that

level of efficiency while still being able to deliver realistic spéeifects will be the driving points behind this tool
“Having tried it myself, | didn't feel unsafe and felt that it wag/\v@mple and got the job done.”

Q: Overall, wha are “Excellent minimal/compact design approach to a normallisband dangerous device. Can be sdili as expected
your final thoughts on| in a multitude of operations in many operating condgid

the Prometheus Wrist| “It's perfect for like stage plays and even carnival eveitsl if there is someone who wants to play the Human

S

Mounted Special Torch or Pyro or any fictional character with flaming poweesRhometheus Wridtlounted Flamethrower can do
Effects the job.”
Flamethrower? “It is light, effective and completely autonomous which gives the user complete cdfiitecilame size can be

controlled which is a plus as it takes into account alli&iof performances and visual effects.”

“I think it's something that can definitely enhance tt@ldilm industry and the quality of productions that are
currently being put out. Hopefully this will also spark marnovations for local filmmakers and the film industry.|
“It is an easy to use, affordable device.”

6. Conclusion Marines Vol.49, No.10, pp27.
Th desi f ial eff . d Graham, WC. (1947, Portable Flame Thrower US Patent
€ esign for a special effects wristmounte 2,417,981, filed February 26, 1942 and issued March 25, 1947.

ﬂamethrower was presented. From the results obtaine@iayner, T. and LoewT. (1949, Fluid Projector US Patent
both via the simulation study and the practical prototype 2,479,570, filed February 24945 and issued August 23, 1949.
test, the device can project flames from the palm of theNguyen, D.Enright, D. and Fedkiw R. (2003) “Simulation and
hand in a manner that is safe for the user while at the @nimation of fire and other natural phenomena in the visual

. . . . effects industry; Paper presented tite Western States Section,
same tine being visually appealing. Further work on the Combustion Institute, Fall Meetiny CLA, October 2003.

dev?ce involves optimisatiqn, rigorous_ performa_nce OSHA (2004, The Occupational Safety and Health Act, 2004
testing, and a more extensive user testing study in an accessed August 14, 2014, from

actual stage or carnival performance. It is hoped that the http:/rgd.legalaffairs.gov.tt/laws2/alphabetical_list/lawspdfs/88.
device presented in this paper would cdmité to the 08.pdf.

special effects sector of the entertainment industry. Otto, K. and Wood K. (2000), Product Design: Techniques in
ReverseEngineering andNew Product DevelopmentPrentice
Hall.
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Abstract: As organisationsseek competitive advantage in a dynamic business/operations environment, prajects
become the tool for quickly implementing tagiemred towardsadaping and transforning the organgation while the
management of these projects has become the instrument and means for change andefetelops therefore become
essential that projects be aligned to the organisation’s strategic objectivesedantégrated into the organisation’s dag-
day operations and business processes. This paxm@oresthe literature onmanaging project risks and qualigs they
relate tobusiness processeBhere has been relativelijttle research orthe alignment of project management practices with
business processes, incorporating project risks and quality. A literaturetsedr PM processes was conducted using
articles abstracted from two databases, Ebscohost and Emerald Insight, spanning itttk fgmsm 2000 to 2014. The
conceptual links between the PM and business processes are discussed, amibulbesadf project risks and quality are
identified. The paper concludes by advocating a process paradigm for managing pejeetrd quality iorganisations

Keywords: Project management, business processes, strategy, alignment, quakiy, ri

1. Introduction in managing project risks and quality from the

There has been a growing body of research on th@usiness/organisational context. It attempts to s_hed light
application of projects and their role in modern busines®n the linkbetweenthesePM processesvith business
(Cicmil 2000, 553 A project is a “temporary Processes an_d deterra_lthe attributes oi_allgnmg these
endeavour undertaken to create a unique product dProCesses usirggeneric process paradigm.

service in a workplace” (PMI 20133). Managing _ )

projects is a source @ompetitive advantage for many 2. Literature Search and Review

leading global organisations such as GGcda, BMW In order to identify the determinants that impaice

and Nike (Zdanyte and Neverauskas 2012, .782)alignment ofPM processes with business operations in
Increasingly, managing projects has becomeahé&  organisations, a searahas madeof journal articles in
preferred ordominant business procésand is widely  the areas of PM and related areas for the period of-2000
used within the organisation for strategic and complex2014. Two online databases, Ebscohost and Emerald
change (Olsson 2007, 746). Achieving success innsight, were used. These databdsestabstractsfull-
projects is vital in the context of competitive advantagetext journal articles and reference details of articles in a
(Mishra et al. 2011, 356). Given the increasing use ofvariety of subject areas. These cover major management
projects within organisations, projeataustnot only be disciplines from  marketing, human resource
aligned with the strategic objectives and goals of themanagement, library and information management,
organisation but must be effectively managed training and education, economics, engineering, and
consistently witheverydayoperations. quality, to operations management.

Other than the customer, the strategic emphasis of The key termt‘project management” was firstsed
organsations today is on the internal and externalto search the abstracts. The search was narrowed into
processesWhile in the past 15 years, there has been ssubcategories based on the issues pertaining to this
considerable body of literaturen project management study: “project quality management”, “project risk
(PM) processesne challenge has been the alignment ofmanagement”, “project management practices”, “project
these processes with business operations inmanagement challenges”, and “project management and
organisations. This paper reviews two (2) core processesrganisation strategy”. These searches yielded hundreds
of PM, and discusses the challenges and strategic issues$ articles many of which focused on various aspects of
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PM practices andhssociated processes. The first threePM challenges (a total of 967 articles fouimd both
searchesyielded hundreds of articles but only a few databaseshdicatesthat despite studidseingconducted

were relevant to the study’s objectives. andthe increased use of PM top&hallenges in PM still
exist. This also indicates an increasing need to address

3. Distribution of Article Statistics these challengesOf particular interest is the low

3.1 Distribution of Articles from 2000 to 2014 qguantity of research in the areas related to PM and

o . . _organisation strategy.
;Zblc?atlaszggss Stggrgf']‘ztgb#g?nn tr?fe thgriig'czl%sogotuondzo'rl] 4 Table 3 shows the distribution of articliego six (6)
I o P . categories based on the type of research conducted in
The initial search, “project management” vyielded

thousands of articles related to the discipline in a variet fhese specific areas. Table 4 gives a total of these
. . . : JISCIp ycategories searchedthin the two databases for PM and
of fields including, information technology,

construction. health services. and management Threlated areas. The preferred method for conducting
data show 'Ehat while the r(;vvth was no% ex oﬁentiaIFesearCh in PM was found in theea of case studies for
over the period under c%nsideration therep was aEmerald Insight (with a total of 301 articles across
S P . S X . various PM areas) and the least preferred was literature
significant increase in the research being carried out INoviews (with some 19 papers found). In Ebscohost, the
P.M over the years. However, there was also NOhreferred method of research wiae literature review
significant difference between the two databases witl or the AM processes (with a total of 293 articles) and
regard to total . nu_m_ber Of. pubI|_cat_|<_)n§he statistics theoretical studies for PM challenges (with 200 articles).
shpw that the d|SC|p!|ne gam.ed significant ground in theCase studies were also popular in each area (with 170
mid-2000s (and particularly, in 20004 for Ebscohost articles) and the least popularere empirical studies

and in 2005 for Emerald Insight) which indicates its (with 28 articles). In general, theverll trend in PM

rowing relevance . .
9 9 researchhas been leaning towards case studies across
various areas.

Table 1 Distribution of PM Publications from 2068014 Moreover, an attempt was made to determiream
Year Ebscohost Emerald Insight the literature,if strategies were being developed to
2000 70 126 address some of the challengésntified in the field of
ggg; g; i‘z‘g PM. The d#a suggest that strategies were indeed being
2003 183 163 developed to a fairly high degree (with a total of 556
2004 346 147 articles across the two databases). Of particular interest
2005 269 263 was the last search in the area of “PM” and
2006 288 264 “Organisation Strategy” where very little researcls ha
2007 330 272 been carried out in this area in comparisoithe other
2008 374 299 areas searched (with a sum of 82 articles fauarigoth
2009 323 291
5010 373 319 databases).
2011 317 287
2012 293 324 3.3 Distribution of Articles by Journals
2013 249 311

2014 - 318 Table 5 shows the list of journals in Emerald Insight
Total 3.665 3.650 with articles on PM and related areas along with the
number of articles published within each journal. These

3.2 Distribution of Articles by PM and Related Areas ~ Journals span a wide range of subject areas, including:

Building on the previous search summarised in Table 1business management, _engineering, vHadge
the followup searches focused on identifying PM management, quality, information technology, library

. o . and information studies, human resources and
reIatgd articles, more spemﬁcal!y PM challenges, proJeCtproduction and manufacturingThese articles were
quality management @M), project risk management

R published in journalranging from project management,
(RM) and PM and organisational strategy. The semrch . : . :
were carried out probing the databases for key sviord information systems, manufacturing and protrct

the abstracts. Table 2 identifies the distribution of‘r’n";?;e”rfsgf”T'hise?n%?gt’gggg‘;vi dzuﬂ';” am;e;‘c)gg;fan .
articles based on overall searchgs carried out in thesgf PM across many disciplines as well as the versatility
areas. The datauggest that considerable research hasOf PM in practice
bﬁZI?t Cﬁg;etdheoﬁit Ir?egljeriﬁe?c:??t.icl;—sh((al %rf? fg: tI)Do'\tAh and The journal with the most publications relating to PM
q y hig o " issueds the International Journal of Managing Projects
data_bases)_ which may |nd|_cate the growing concem fOI|fn Businesgwith 202 articles). This is aimdication of

quality projects and/or project quality. This can be a':);pe shift in the use of PM from the traditional areas of

IcnudsIf:rtrI]cérr] a?[ifsftzsti:)r;craetasglg t%ierdatr?isggg;eazsnclisfr?:s ocus in construction industry to other businesses and
9 sectors. This is further supported byhe increasing

project level. The higimumberof articles in the area of
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Table 2 Distribution of Articles in PM Related Areas
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PM Related Areas Ebsohost Emerald Insight Total

“Project Management” and “Challenges” 386 581 967
“Project Management” and “Quality” 475 542 1,017

“Project Management” and “Risk” 429 388 817

“Project Management” and “Organisation Strategy” 16 159 175

Table 3 Distribution of Articles by Categories
Categories Ebsohost Emerald Insight
Number of Articles | Percentage(%) Number of Articles | Percentage
Project Management Challenges

Case Studies 60 18.3 109 24.1

Literature Reviews 8 2.4 4 1.0

Empirical Studies 7 2.1 68 15.0

Theoretical Studies 200 61.0 52 115

Conceptual Studies 10 3.0 38 8.4

Strategy 43 13.1 181 40.0

TOTAL 328 100 452 100
Project Quality Management

Case Studies 44 15.9 110 29.0

Literature Reviews 154 55.8 4 1.1

Empirical Studies 9 3.3 60 15.8

Theoretical Studies 17 6.2 34 9.0

Conceptual Studies 11 4.0 35 9.23

Strategy 41 14.9 136 35.9

TOTAL 276 100 379 100
Project Risk Management

Case Studies 64 22.1 52 19.8

Literature Reviews 139 48.1 10 3.8

Empirical Studies 11 3.9 41 15.6

Theoretical Studies 17 5.9 26 9.9

Conceptual Studies 11 3.9 26 9.9

Strategy 47 16.3 108 41.1

TOTAL 289 100 263 100
Project Management and Organisational Strategy

Case Studies 2 66.7 30 38.0

Literature Reviews 0 0 1 1.3

Empirical Studies 1 33.3 29 36.7

Theoretical Studies 0 0 11 13.9

Conceptual Studies 0 0 8 10.1

TOTAL 3 100 79 100
Table 4. Total Number of Article byCategories

Categories Ebscohost Emerald Insight Total:

Case Studies 170 301 471
Literature Reviews 301 19 320
Empirical Studies 28 198 226
Theoretical Studies 234 123 357
Conceptual Studies 32 107 139

Strategy 131 425 556
TOTAL 896 1,173 2,069

number of journals (i.e., 7 journals accounting for 338industry. This also suggests that the focus of the PM

articles) in management with PM articles. discipline which was originally designed to manage
These journals arBusiness Process Management projects within the construction industry, has been

Journal, Journal of Management History, Managementexpanding into other industry sectors and organisations.

Decision, Human Resource Manageménternational

Digest, International Journal of Operations and 4.Managing Project Quality, Risks and Challenges

Production Management, Strategic Directiorand  pespite the increased use of Riithin industryin the

Management The widespread report of PM practices gifferent kinds of challenges on managing their project
and applications implies a growing acceptance of PM ingccess and performance.
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Table 5. The Distribution of PM Articles in Selected Journals for Period 2Z0mp4

Name of Journal (Emerald Insight) Number of Articles Percentage
International Journal of Managing Projects in Business 202 14.2
Engineering, Construction and Architectudbhnagement 172 12.1
Facilities 97 6.8
Journal of Knowledge Management 86 6.0
Business Process Management Journal 81 5.7
Construction Innovation 78 5.5
Journal of Management History 66 4.6
Industrial Management and Data Systems 65 4.5
InternationalJournal of Quality and Reliability Management 60 4.2
Management Decision 59 4.1
Journal of Enterprise Information Management 55 3.9
Library Management 54 3.8
Management of Environmental Quality: An International Journa 49 3.4
Human ResourcBlanagement International Digest 47 3.3
International Journal of Operations and Production Manageimen 45 3.2
Strategic Direction 43 3.0
The TQM Journal 42 2.9
OCLC Systems and Services 42 2.9
Journal of Manufacturing Technology Management 42 2.9
International Journal of Productivity anBerformance Management 42 2.9
Total: 1,427 100

Many of these challengeslate to managing projects in Tables 6 and Ppresentthe excerpted views angbme

the areas of information technology, team dynamicsgexemplified approaches and strategies as advocated by
customer satisfactioncommunication, and quality. researchers and practitioners on managing project
Besides, there has been a growing need for aligning PMuality in organisations, respectively. Tables 8 and 9
with the organisation’'s strategy and performanceshow the excerpted views and exemplified
improvement. An attempt was made to collate the viewsapproaches/strategies on managing project risks,
from the literature on managing project quality, risks whereas Tables 10 and 11 summarise the excerpted
and performace in organisations. A total of 69 articles views and exemplified approaches/strategies on
were eventually searched from 28 journélssed on managing challenges associated with PM practices in
research methodologycase studiedliterature reviews, organisations.

empirical studies, and theoretical and conceptual studies.

Table 6: Excerpted Views of Managing Project Quality in Organisations

Study Comparable Views Alternative Views
Author(s) Views Author(s) Study/View
Role of PM in van der Water | Organisations define project in areg Orwig and By instituting a formal PM methodology and
quality and and de Vries | of quality and QM as a means to Brennan (2000) | basic PM techniques, organisations are
quality (2006) improving theircompetitive fulfilling the principles of quality
management advantage
(QM) Hides and Projects are used to adopt total

Irani (2000) quality principles and PM is
required for successful programmep
of continuous improvement

QM theories Barad and Raz A holistic approach to implementin¢ Hides and Irani | Implementing total quality tools on a case by
and practices (2000) QM results in improvements to (2000) case basis enables companies to identify their
usage product quality as compared to a specific needs and outline their own processes.
more fractional implementation Henderson and | Organisations should select an approach to
McAdam quality that is most suitable to their varying
(2000) tasks and specific priorities
Criteria to Bryde and Organisations with total quality Toakley and Project quality measures consist of other
determining Robinson management (TQM)rogrammes Marosszeky measures such as flexibility, customer
successful (2007) are more customdocused in their | (2003) satisfaction, and training and responsiveness
project PM practices than organisations with

performance no TQM programme
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Table 7: Approaches and Strategies of Managing Project Quality

Author(s)

Research and Findings

Approaches and Strategies

Cicmil (2000)

Defining the critical factors for project success criteria and tiadity
aspects within the project

Projectmanagement multiple
perspective (PMMP)
framework

Henderson and McAdam

(2000)

A key to managing quality in organisations

Organisational change as a
shared vision

Van der Water and de Vries

(2006)

management

Changing company culture through commitment fronheatbls of

Henderson and McAdam

(2000)

Designing quality into the organisation by incorporating it intmeuts

Self-assessment systems

Orwig and Brennan (2000)

Identifying where improvement are needed such that it becomes the
foundation ofcontinuous improvement

Henderson and McAdam

Quality approaches selected based on the tasks andigsias outlined by

Flexible organisations

(2000) the strategy of the organisational as opposed to stanplardazhes to QM

Hides and Irani. (2000) Discussing an international standard which integriatés QM and PM BSI 1995

LePrevost and Mazur (2005) | Tool to managing the project resources and priorities as well@giging Quiality function deplognent
the internal initiatives based on their benefits (QFD)

Chao and Ishii (2004)

Tool to clarify project goals and achieving organisationahatignt by
analysing the organisations requirements and resources

Bryde and Robinson (2007)

Improving performance through the implementation of TQ#th PM in
areas such as process management

Total quality management
(TQM)

Orwig and Brennan (2000)

on a long term basis

Providing assistance in assessment and facilitating cannmprovement

A document or knowledge
management strategy

Orwig and Brennan (2000)

Providing the organisation with means to formalise its PM methodology

A project management office

Neale and Letza, (1996)

Enhancing decision making throughout the organisation

Postaudits

Table 8: Excerpted Views of Managing Project RiskgOrganisations

Study Issues

Author(s)

Views

Challenges to
managing risk in

Kutsch and Hall (2009)

The research focused on developing ways to manage risk with fessags
their effectiveness

projects

Olsson (2007)

Methodologies of RM were focuseaclusively on single-project
managemenit

Shimizu et al. (2012)

Overall business risks must be minimised through systemisiti management

Linking risk
management (RM) to

Parker and Mobey (2004), Kutsch

and Hall (2009), Olsson (2007)

There should be a link between the strategy for RM and isagamnal
behaviour

organisational factorg

Besner and Hobbs (2012)

The use of PM tools and practices such as RM is influemg&dth the project
context and the organisatiora@intext

The way risk and RM
is viewed by the

Olsson (2007)

Managers often acknowledge the relevance of RM but failgty dpem in
managing projects

organisation and

Besner and Hobbs (2012)

A gap exists between the organisations inteegtessed in RM and the

managers allocation of resources
Shimizu et al., (2012 Project managers focus on lower level risks and senior managemenofiocus
highekrlevel risk
Parker and Mobey (2004) RM wasad hocbecause it was reliant on the experience and expertise of th
manager and formal risk analysis was seldom used by manalgen making
decisions
Cervone (2006) Project managers often only carry out minor examinatioheofisk related
issues and therdd a ‘margin of risk”
Kutsch and Hall (2009) Project managers only focus on certain risk basedhengerceived ease of
information processing
Table 9: Approaches and Strategies of Managing Project Risks
Author(s) Research/Findings Approaches andStrategies
Besner and Hobbs Developing new responses for specific contexts for whiakas not primarily Flexible approaches
(2012) developed

Cervone (2006)

Adapting and changing plans as new information becamitable, as the cornerstone
on which tobuild continuous risk assessment

Jafari et al. (2011)

Storing for future use, in planning and during implemeantifiprojects, the knowledge
associated with key issues in RM

RM model of knowledge

Patterson and Neaile
(2002)

Documenting information andata collected during project for use in future project

RM

Riskregister database
system

Kohimeyer and
Visser (2004)

Measuring project performance (to measure the effectiveness afaiskgement in
projects) and documenting for future comparisons aathation

Key performance indicators
and documenting

Shimizu et al. (2012)

Responding to the requirement for an integrated and comprehensiggistagproach

to managing risks

Enterprisewide RM
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Table 9: Approaches and Strategies of Managing Prdgésits(continued)

86

Author(s)

Research/Findings

Approaches and Strategies

Parker and Mobey
(2004)

Managing information technology infrastructural projectd eeengineering projects

Change management
techniques

Kohlmeyer and

Developing asingle process, comprising of both the project risk meedth the

Risk project life cycle

Visser 2004 project management life cycle process, that distinguistiesitthe existing processey
Table 10 Excerpted Views of Managing Challenges Associated with PidtiEes
Author(s) Views PM Challenges

Hides and Irani(2000)

Commitment by both management and employees as essential to PM suttdess \
the organisation

Harding (2012)

Commitment of essential resources tophgect

Managementommitment
and relateddctors

Hides and Irani(2000)

Leadership as critical to project success

Pressman (1998)

Project success is about the person leading the team

Perkins (2006)

Project managers abilities and their inability to apply tkeawledge impact
negatively on projects and their management within the organisation

Leadershimand elated
factors

Harding (2012)

Proper support network comprising PM and subject matfeerexthat the project
manager could contact or call upon to give advice

Cicmil (2000)

Choosing appropriate personnel and the compatibility of the membecseselor the
project

Hides and Irani (2000)

Training of the team members to generating comyveidg employee commitment

Cerpa and Verner
(2009)

Factorsthat could demotivate team members

Team ¢namicsand relagd
factors

Hides and Irani (2000)

Six human factors that could affect PM practices in an orgamsat#ning
employees in skills to which they are best suited enhances their rolelooflev
competency; competence developmant empowering of employees

Humanresourceand related
factors

Hidesand Irani(2000)

Organisational physiological factors such as structfmestions, performance and
human behaviour (group and individual)

Yazici (2009)

Organisational culture impact on the project performamzkon the organisation

Ritter (2008)

Organisational structure, and culture and style aldodn€e the project

Harding (2012)

Effective communication within the organisation could contetiotPM performance|
and project success.

Newell (2004)

Sharing the lessons learned from previous projects witinefyproject team members

Cerpa and Verner
(2009)

Learning from failed projects due to pasbrtems not carried out on projectsaas|
as ignoring lessons learned from past projects

Yazici (2009) and
Ritter (2008)

Level of maturity that an organisation has with regard to magagiojects impacts
on the performance of the project and its management

Organisationaand related
factors

Pinto and Mantel

Identifying and understanding the causes for projeatrfail

Projectmanagemenand

(1990) relatedfactors
Cicmil (2000) Reasons for project failure
Table 11 Approaches and Strategies of Managing PM Challenges in Organisations
Author(s) Research andrindings Approaches and Strategies
Gasik (2011) Identifying knowledge an important resource for PM and hasic prerequisite for | Project knowledge

effective PM

Hides and Irani (2000)

Ensuring that the lessons learned from new prodieetlopment projects could be
used to inform future project work to improve successiveeptgjerformance

Newell (2004)

Capturing the learning that took place during the projgatdnducting end of project
reviews and the information collected stooeda database which is uploaded for eg
access for future or current team members

Jafari et al. (2011)

Protecting the knowledge gained from projects as it cgiviel the organisation an
advantage over their competitors and make PM a foundation ofetiirgadvantage|

management

Zdanyte and
Neverauskas (2012)

Sustaining and driving PM strategies

Mullaly (2006)

Assessing the capabilities of organisations specifically fureticapabilities as well
as organisational excellence

Yazici(2009)

Providing a standardised approach to measurement anolrbarking and serving as
a road map for strategic improvement

PM maturity models

Hides and Irani. (2000]

Developing a business strategy to reflect the dynamioropetitive advantage

Kenny (2003)

Viewing projects as a means of implementing strategy and PM as aspapdied to
manage the implementation of strategy

Aubry et al. (2007)

Using PM as a means of implementing the organisations strategy

Strategic management

Henderson and

McAdam (2000)

Managing andmplementing the proposed strategy while allowing that strategy to

evolve in response to the changing business and globabement

Balanced scorecard
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5. Discussion and Recommendations methodology using four case studies in the
5.1 Aligning PM with Business Strategy telecommunications industry, they looked at three types

According to Mintzberg and Waters (1985), there areOf strategy which were .b"’?sed on.the corporate, bgsmess
and functional levels within a typical busgse Alsudiri

two types of strategy. These are: 1) deliberate strateggt al. (2013) developed a conceptual framework which

which |s__‘reallsed as intendédand can be consujergd aligns PM with the business strategy and looked at the
the traditional approach to developing strategy within an

organisation, and 2) emergent sty which are factors that impact the process of the alignment. Several

) . ) : ) . internal factors (such as, communication, leadership
patterns or consistencies realised despite, or in the

absence of intentiohs(Mintzberg and Waters 1985, C?arp\ﬁi?gngr}w/(’j nggg&?i?/emrﬁa:ﬁf gcetmn;irt]agoer;gitrsntgtgggn d
257). Srivannaboon and Milosevic (2006, 499) argueoP

that they found instances where PM elements impacteg)éferpna*er:flcgorgnci(essucgn daiﬁe vcehnadnorz, m(;?li]gt?av(\)/resr’e
business strategy. This was a result of information 9 9 ange T )

) . . r?garded as important elements in their alignment
gained during the management of projects used to ada

. . . ) ; .approach for the telecommuaitons industry. Tis
the business strategy. This was in line with Mintzberg Stramework could be extended to include mphbjects

concept of emergent strategies. Alsudiri (2012, 601)based on ore than one business strategy

argues for thaeed to incorporate portfolio management, Moreover, several benefits could be obtained from

stratgyic planning and emergent approach as steps in thgIigning PM process with business strategy. For
alignment process.

L . . . _instance, this could 1) help organisations focus on the
Organisations plan and implement innovative

. ) : o ... right projects based on the objectives of the business
business strategies to attain or maintain a competitive

advantage (Srivannaboon and Milosevic 2006, 493).S trategy (Srivannaboon and Ml!oseylc, 2006, 493); 2)
2 . . o : ensure the successful overall direction of both strategy
They utilise projects to implementhdir innovative

business strategies and this has resulted in PM bemand prOJec_t (A.IS,Ud'” 2012 S97that is every aspect of
considered an important business process. The need € organisatios activities would be integrated and
. 1 Importar P R ove in the same direction based on achieving the
align strategic priorities across therganisational o i X .
. ; ; organisations goals; and 3) assist the team to implement
hierarchy— the corporate, business and functional levels o2 : :
) o the organisation’s business strategy through the projects

— has also become aomhinant concern within the

literature on strategic management. Of particularIn the correct way (Alsudiri 2012, 600).
concern is the alignment of the functional level (for I . .
instance, R&D, rr?arketing, production, and hur$1an5'2 Aligning PM with Ope@hons S”atGQY_
resources) with the business level strategies. Projecthe strategy that was utilised by Alsudiri et al. (2013)
management can be idered a functional strategy Was based on the organisation’s bu5|_ness strategy. It
because it is a building block of organisational strategywas & topdown approach to strategic development
similar to functional strategies and as such could bevhere top management deternsiibe strategy and the
aligned with the business strategy. objectives wer the longterm for the organisation. An
While some research has been undertaken jrliérnative is a bottorap approach to developing
aligning these two areas, none dise explicity the ~€mergent and/or operations strategy. The strategy is
relationship between the areas. Research byleveloped based on the ideas and input from various
Srivannaboon and Milosevic (2006, 49%)owever, —€mployees, at any level of the hierarchy depending on
sought to explore the interaction between these twdhe location of the expertise (Lister, 2014; Sting and
areas by what they refer to as theature of the Loch 2009). _
alignment and developed a theoretical framework ~ Operations strategy looks at the strategies of
showing the impact of these two areas on each othe@naging resources which produce products and
(i.e., the PM elements on the business strategy and theigrvices over the lorgrm. According to Slack et al.
the business strategy on the PM elements). Theik2010), the traditional view of operatiorsrategy is
research was based on Porter's generic strategies (i.dased on several functional strategesi uses the tep
cost leadership, differentiation and bestst) using a down approach.In this approach, overall business
case study methodology to examine eight case studiel{rategy Qetermlnes the direction of t_he organisation and
that covers nine projects in seven organisations. the functional areas (such as operations, marketing, and
Alsudiri et al. (2013, 596) argued that businessfinance) interpretingt in their functional strateglei)_n
outcomes could be considered another dimension of€ other handthe bottoraup approach of operations
project success and it can be achieved through th&frategysuggests thagtrategic decisions are based on an
alignment of the PM process and the business strategccumulation of practical experiences (Slack et al.,
They reported that misalignment between these twc?010). Ideas are developed based on experiences with
areas results in 30 per cent of project failures. As suchéustomers, suppliers and evére organisation’s own
their research looked at the misalignmbetween PM ~ Processes. This type of strategy is referred to as the
with business strategy. Based on case studyeMergent strategy because strategic ideas emerge over
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time as the organisation starts to understand the realitigsroject tearh because they both work across funoto

of their situation. A strategy #h could therefore be used According to van der Merwe (2002), business processes
to improve PM practice within organisations cobklto  are governed by three rules, namely: 1) they must have a
align PM with the operations strategy of the organisationclear purpose (goal); 2) there must be incremental

based on this emergent strategy perspective. improvement while seeking to reach the goal; and 3)
each incremental improvement must be peoject
5.3 Integrating PM Processes with the Business involving people. Based on these rules, it is claimed that
Processes “processes are governed by a group of projects that bring

In organisationsoday, the strategic emphasis itaped ~ @bout incremental improvemeht _
on the customer as well as on both internal and external Orwig and Brennan (2000, 352) sought to integrate
processes. The process viewislt on the belief that the QM with PM to improve business performance in
functional areas within an organisation need to workOrganisations. Since projects are the organisation’s basic
together based on a common gdahe organisation is form of operation, PM can be viewed as an ongoing
to run more effectively and efficiently (Sandhu and repetitive operation as is the case with business
Gunasekaran, 2004, 6B537). processes _such as QM. Their apprc_)ach is that
Processes exist in three (3) different forms within integration is possible based on selecting common
the organisation; formal processes (used bycriteria from the d|SC|pI|nes’ fundamental prm_mples,
management), best practices (used by consultants Wh@eth_odologles ar_ld techmqu_es. Three (3) principles are
learn real processes from workers and sell back td-onsidered crucial to business success, namely 1)
management) and real processes (used by workers wigistomer focus, 2) continuous improvement, and 3)
are doing the work experientially and come up with theté@mwork. Orwig and Brennan (2000) argue tihetse
ideas) and there is no connection between these thredfinciples are critical to projects as key project
processes (van der Merwe 2002, 408). In man)ﬂellverablesnclgde, for instancecustomer satisfaction,
organisations, operations are driven by projects, thd€am collaborations and continuous improvement.
benefits of aligning or integrating the project processes ~ Moreover, continuous improvement in a PM setting
and the operational processes would be relevant ang@n be facilitated through project delings,
advantageous. Sandhu and Gunasekaran (2004, 678fsessment of project performance against planned
stress three (3) basic processes in organisations. The&gsults, and the establishment of a Project Management
are 1) the strategic process which is the formulation ofOffice (PMO) to serve as a project archive for future
the organisations strategy; 2) the functional proces@roject planning (Orwig and Brennan, 2000). While
which is the procedural and operational requirement”roject Management Institute (PMI) ackviedges that
within the organisation; and 3) the administrative Project QM must address both the management of the
process which is the overatianagement including the Project and the product of the project, the quality tools
functional processes. and techniques identified in the Project Management
While van der Merwe (2002, 408) argues that theBody of Knowledge (PMBOK) are explicitly described
management of business process is different from thé terms of their applicatioto project deliverables and
management of scientific processes in that therags “ Not the management process (Orwig and Brennan 2000,
measurement, no control, no maintenance and n@94)- It is therefore possible to integrate the PM
incremental improvement”. Orwig and Brennan (2000, Processes with the operational processes.
351) maintais that the management of processes in an _
organisational setting is different from the managemen®: A Generic PM Process Model
of processes in a project setting. The management dh responding to the changing nature of projethts,
processes in an organisational settingafs aspect of discipline of PM now embraces several of the
operations management where processes are repetitivmderlying concepts and assumptions from the various
while the management of processes in a projectelated fields. Based om projectbased strategic
environment, which is a temporary and unique management process advocated by Cicmil (2000 p. 558),
endeavour, is based on the particular requirements od generic process modelas developed. Tis modé
each project (Orwig and Brennan 2000, 33430 most  attempts to incorporate various strategies/approaches
processes are ‘cro$snctional’ spanning the various identified in the literature. Figure 1 is a diagrammatic
functional areas within the organisatjoafactor which  representation of this generic process model. It shows
van der Merwe (2002, 407) argues is similar to projecton-going feedback at each level to facilitate both
and their management. continuous improvement and organisatl learning.
Research carried out by van der Merwe (2002, 408)  This generic model comprises a series of processes
shows a link between projects and processesidd  and steps. Figure 2 depicts the process flow chart for this
contendsthat ‘the management of business processegeneric model. The first step would begin with the
and the management of projects are interrelated” angbirocess of developing an organisational strategy. Once
that ‘the process team can be directly equated with thehis has been agreed upon, the nexp steuld be the
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process of operationalising strategies into projectscompatibility with the rest of the team members. Within
These projects would be managed through theeach functionabhrea, the operation strategy should seek
development of a PM strategy. It is at this PM strategyto include the project resource requirements for the
level that PM is aligned to the organisational/businesgprocesses that would be impacted. It is at this level of
strategy. At the PM strategy level, it is important to the operation strategy within each functional area that
ensure that the projects identified would be aligned tathe PM processes are aligned with the operation
the organisational strategmission, vision and strategic strategy/business processes and it is at the process
direction. At this level, senior management leadershipmanagement level that the PM processes could be
would be reinforced, and performance criteria would beintegrated with the operational/business processes.
identified to measure the success of the project against At the process level, a strategy for integrating the

the organisation’s strategic objectives and goals.

PM processes and the operational/business processes in
such areasas managing operations/project qualiand
risks could be developed and implementedhe

N 3 ‘x =~ integration would be based on the QM and RM
JEARN FF evea 50 \\ principles that are considered crucial to the success of
RSV RRGANEATIONAL N\ the operations strategy, the businessd the project
‘7 ST, S O itself. This integration strategy could be developed as an
/ . I \ g gy p
K / f e e N over_aII strategy or a caﬁy—case_ strategy specific to the
e B Ler o 1 varying needs of the project or the changing
i | |, MANAGEMENT environment.
I it R 1 Moreover, effective communication could be
. E - — ",
Aligning x.__"_“y" ;‘x_ _ Organisational achieved through formal meetings held on a regular
PZ’;;‘:LS L FULNARECﬂaNAL!I!L T Learning basis or through update reports sent to members of the
o OPERATIONAL _.' ) n team. A feedback mechanismosifd be put in place to
W P __"'--\f_a:' p enable continuous improvement and facilitate
‘\‘\ Fi. - ‘*’;’:H';_.x’ S organisational learning. Tough the documentation and
\\‘\ o CROECT S management of knowledge gained throughout the
\\‘\ b N%" ' R / project, organisational learning could be reinforced. This
SO T ‘\: e ‘. et feedback would be based dime bottoraup approach,
g T M where lessons in implementing at the bottom are fed

Figure 1: A GenericProcessModel of Rojectbased Strategic
Management
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Figure 2: A Process Flow Chart for Aligning PM with Business

Strategy and Operations

back up through the model to the relevant decision
makers. This guarantees that the strategy formulation is
based on input from those who actuatigrry-out the
projects. This woul ensure organisationalide
acceptance of the strategy. Any refinement would be
based on the input from the persons actually
implementing the project or working directly with the
process.

7. Conclusion

Despite the myriad of information regarding PM &ssu
within the published literature, there are stilany
challenges related to the successful PM implementation
in organisations. Various approaches and strategies
advocated irthe literature address challenges associated
with PM practices in organisationgnalysis of these
findings suggest that integratindg®M processes with the
businessprocesses isvorth exploring in relation to
incorporating PM practices and managing project risk

Within this PM strategy, other functional areas (€.9.,and quality into the business/organisational context.
R&D, marketing, and production) for each projectwould  Thjs paper explores a variety of determinants that
be identified. It is at this point that a project team shouldyy|d affect the management of the PM processes, and
be created. This team should comprise members fronyentifies the common factors affecting PM processes in
each functional area within the organisation that wasyrganisations. It also advocates the need to 1) integrate
identified as being required forehproject. The team he PM processes with business proessand 2)

skills as deemed necessary for the project and on their
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One approach was to align PM with the businessCerpa, N. and Verner, J.M. (2009), “Why did your project fail?"

strategy of the organisation. Through this alignment, the Communications of the AGNol.52, No.12, pp.130.34.

right projects could be chosen to fdate the particular ~ C€vone, H. F. (2006), *Managirdygitil libraries: The view from
. . - . 30,000 feet- project risk managementQCLC Systems and

ne?ds of the organisation as OUt_“ned in its strategic plan. Services International Digital Library Perspectiv&/ol.22,

This would ensure the commitments from managers No.4, pp.256262.

across various departments and ensure that they chosikao, LP. and Ishii, K. (2004), “Project quality function

projects based on the objectives of the organisation. deployment’,Iinternational Jairnal of Quality and Reliability

Moreover, by aliging PM with the operations strategy, Cigﬂrrfliragsemgggg)llz%bﬁgi%/pﬁigi{?cﬁgét ervironment. & mon

the experience and. Inputs from various IeYEIS. of con\l/entional ag’enda"lnternational Journal of Quality and

employees could be incorporated into the organisation’s rejiapility Management/ol.17, No.4/5, pp.55&70.

strategy at the operations level. Cirtina, LM., Cirtina, D. and Radulescu, C. (2013), “Quality

Aligning PM to the strategic focus would enable management in projects: Establish the quality objectives of the
organisations to remain relevaand attain competitive _ Project’, Fiability and Durability, Vol.2, pp.4246.

: ; Comindwork  (2014), “OPM3: Organisational  project
advantage. There is a need to expand the prbesed management”,Comindwork WeeklyAccessed December 5,

Strategic _managemer_ﬁ pr_oce_ss by aligning it_ to the 2014, from http://www.comindwork.com/weekly/201d9-
organisation’s strategic objectives and goals. This paper og/productivity/opm3organisationaprojecimanagement

also proposes a generic project model that incorporates maturitymodé

the project process aligning PM with business strategy Craigree (2011), “Search capability maturity model”, Accessed on
and operations in organisations. Further research would December 5, 2014, from
lead to the identification of other fundamental principles . "tP-/www.craigrees.com/blog/?tag=searohturitymodel

. . . Davenport, J. (2006), “UK film compées: projecthased
on which to integrate the PM and business processes, organisations lacking entrepreneurship and innovativeness?”

thus improving performance of projectsidabusiness Creativity and Innovation Managementol.15, No.3, pp.250
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Abstract: There is no existing research on communication practices in engineeringlace® in Trinidad and Talyo.

The study maps the broad terrain of communicating in local industry by reporting tqtigaettata gathered by means of a
qguestionnaire. Fifyeight new hires in the field of Electrical and Computer Engineering were polled onnthespient
communicahg; common written genres produced; and the importance of communication to job performencaresr
advancement. The study revealed that in an d¢&hhour workday, new hires spend upward of two hours per day writing
and three hours in formal oral communication scenarios. New hires can also expecttthandiwithout substantial
support they will be required to produce an array of communication artefactpoR@ents rated proficiency in writing,
speaking and teaming as critical to career advancement

Keywords: Workplace Communication; the Engineering Workplace; Electrical and Compnuggné&ering

1. Introduction The study was limited to an examination of the

In chronicling the rise of technical writing instruction, WOrk contexts of new graduates, employed in the field of
Connors (2004, p4), cited a “series of condemnatoryElectrical and Computer Engineering. Recent graduates
articles about the ilite@ of engineeringschool ~ Were chosen as it is likely that their adjustment to the
graduates” which began appearing in 1903. More than #/orkplace veuld bring into relief the unfamiliar
century later, those complaints persist. The Institution ofdémands that are being made of them. More
Engineering and Technology (IET) (2008, p182) found Significantly though, the focus on entigvel engineers
that while UK employers were “not critical of the Wasnecessary as the paper makes recommendations for
engineering kneledge and understanding graduates curriculum provisioning: The focusastherefore on the
bring to their first job”, they were unhappy about “the immediate demands that are being made of recent
lack of key skills that graduates possess”: Deficienciedlires—the competences needed to gain employment, and
identified were weak interpersonal, teaming, and writing!© function effectively at the start of their careers.

skills. Commenting on Trinidad and Tobago industry, ~ The current study, which is a pilot of a larger study,
Shrivastava (2004) lamented that there is an “insufficienfocuses on recent Electrical and Computer Engineering
deepening and broadening of competence”, particularhgraduates as a matter of convenience, since there was

in technical writing and communication skills. immediate access to this group of alumni frdthe
Engineering schools across the globe are respondininiversity of the West Indies, St. Augustine Campus
to this competence gap in a variety of wafReave WI), Trinidad and Tobago.

2004). Russel (2001, p261) has argued that regardless of .

the curriculum provisions addressing this deficit, it is 2- Literature Review

necessary to understand “where students are headed”, &mgineering education reform is achieved through
that we may assess “the ways schooling helps [ointerventions at three levels: accreditation,
hinders] them getting therefh this respect, counterparts programmatic, and course. Relevant to Electrical and
elsewhere, and in the United States in particular, have &omputer Engineering graduates of the UWI, is the UK
distinct advantage: their curricula can draw on a numbeStandard for Professional Engineering Competence
of workplace studies that describe the communicatiofUK-SPEC 2008), which specifies inter alia that
contexts in which their graduates will work. This study graduaés must have the ability to communicate; work
addresse that research gap by describing, in broadwith others; use ICTs; and retrieve information. Writing
guantitative terms, the communication demands made aibout ABET’s programmatic criteria, Passow (2012)
novice engineers working in Trinidad and Tobago.found the criteria unhelpful, as they do not indicate the
Based on these findings, the paper makegelative importance of the various skills: i¥hn turn
recommendations for communication curricula in localimpacts curriculum development as the depth of
undergrauate engineering programmes. treatment to be accorded to each skill is unstated.
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Similarly, UK-Spec provides no such clarification. By often complex and sometimes unknown, for which
examining communication practices in local industry, the engineer has to assume different writing
engineering programmes can focus on twige most personae and invent internal representations of the
useful to our graduates. audience (Paradis et .all985). Typically, te
Many technical communication specialists student’s writing persona is singularthey inhabit

(Brinkman and van der Geest 2003; Dannels et al 2003) the role of student, and the audience is \aefined
have made recommendations targeting the programmatic - faculty who assigned the task.
level, where instruction and assessment are threaded Workplace communication is not synonymous with
throughout the degee as may be found in ‘professional communication’. Faber (2002), explained
Communication across the Curriculum (CXC) that ‘profesional communicators’ are occupational
approaches. Dannels et al (2003) reported a growingvriters whose primary responsibility is writing, as
recognition of the “theoretical and pragmatic” value of distinct from ‘professionals who write’ as part of their
CXC models to teaching communication. Reave (2004pccupation. The investigation was confined to studying
p452) has claimed that “the mostomprehensive communication in local industry, where that
preparation” is a CXC approach that offers communicéion is part of the daily work performed by
“concentrated instruction, continual practice, situatedrespondents.
learning and individualised feedback”. Research into workplace communication practices
However, as Craig et al (2008) observedexperienced a groundswell in the late half of the 20th
programmatic interventions do not take account ofcentury— Odell and Goswami's (1985) anthology on
disciplinaryidiosyncrasies. They argued that meaningful non-academic writing being a landmark publioat in
instruction and assessment must be contextualised bthis period. However, there are only a few empirical

authentic workplace practices. studies in this large body of work which focus on the
This study can be regarded as informing all levels ofengineering workplace and even fewer depended on self
engineering education reform by: reports from engineers to describe their routine

» Localising  accreditation  specificatis, by communication practices, as is the cagh the present
suggesting which skiéets gain salience in local study.

industry: The capacity to work with others may In a survey of 243 Electrical Engineers in the

perhaps be more important than the ability toUnited States, Vest et al (1996) found that engineers

retrieve information; regard strong communication skills as critical to both the

* Advocating for CXC provisioning: The data hiring and the promotion processes. They found that
presented later in the paper indictitat the ability = practising Electdal Engineers, regardless of their
to communicate well is indispensable in the position within the organisation, spend most of their
engineering workplace and thus programmes mustvorkdays communicating— 55% of their work time.
systematically teach and assess communication The authors did not distinguish between time spent
skills. writing and speaking. Instead, they accounted for time

* ldentifying focal points for communication courses spent commuigating by examining who engineers
and or communicatieintensive interventins: The  communicated with— 58% with colleagues working on
data presented identify, faxample, target writing the same project; 20% with colleagues elsewhere in the
genres. organisation; and 22% with external parties.

“Workplace communication” and “neacademic Kreth (2000) surveyed 162 new graduates from a
communication” are used synonymously (Odell andsingle, midwestern Amdcan university about their €o
Goswami  1985; Faigley = 1985).  Workplace operative writing experiences. @peratives or
communication distinguishes itself ofn “academic internships allow students to apprentice for credit toward
comrmunication” by: their degree. Coperatives therefore provide authentic

» Being diverse: Workplace communication draws onworkplace experience within a programme of study.
overlapping commurigs of practicdFaigley  Although Kreth (2000) claims to have examined both

1985). graduates’ experience of -operative writing and their

* Having different stakes: Grades are the primaryexperience as fulime engineers, she only presented
concern in the academy, while workplace data about their coperative writing experience. This
communication can have far reaching legal anddata may have helped explain some of the workplace
professional  consequences effdens  2008; experiences of this study’s respondents, since the

Shrivastava 2004). respondents may be in the local equivalent of an

» Having differing foci: Students need to demonstrateapprenticeship —  graduaten-training  (GITs)
learning in their academic writing, while workplace programmes. However, this investigation did not
communication serves varied organisatil ends differentiate between alumni in GIT programmes from

(Paradis et al 1985). those in taured engineering positions, because the

e Targeting varying audnces: Workplace interest lay in the workplace communication practices of
communication targets a wide array of audiencesnew hires, regardless of their posts.
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Sageev and Romanowski (2001) polled 2084.The Respondents

graduates from a single university practising in the fieldst every one female respondent there were two males.
of Mechanical, Indstrial, Chemical, and Computer and This is not in keeping with graduation trends of a 3
Electrical Engineering.  The authors examined themgle: 1 female ratio (see Table 1). This could be as a
relationship  between the number of technicalagylt of overrepresentation of women in the sample
communication credits taken while at university and theyat is, comparably more women than men responded.
impact on the engineer’s career. They found that therne pulk of the sample— 90%, has been employed

“amount of instration graduates received correlates inree years or less, indicating relative newness to the
with the career benefits they gained”. Also, Sageev andygrkplace (see Table 2).

Romanowski (2001) decomposed time spent on various
communication tasks- 32% of the workday on writing;

10% on formal oral presentations and 22% on Table 1 Respondents by Sex
discussions  (idoding  informal,  interpersonal 201072011 2011/2012 2012/2013
communication). In total, the authors concluded thai Graduating y:r'g;;;‘?w “F":r'fa:|217 ’I‘E"earfal‘ésw
their graduates spent twbirds of their workday Cohorts | \tale to Female | Male to Female | Male to Female
communicating. Ratio: 3:1 Ratio: 4.1 Ratio: 3:1
The findings from Vest et al (1996) and Sageev and Male: 41

Romanowski (2001-largely accounts of time spent | Respondents ;e:natle:pw o Rato: 21
commurncating and the importance of strong fo omal e =
communication skills to job performanee were, where
appropriate, compared to the data presented in this
paper. Table 2 Yearsof Work Experience

Male Female Total (n=58
3. Method count % count % count %
This research examined the general communicatiml'is;;gfn 18 31% 12 [21% ] 30 52%
demands made of recent Electrical and Compute] {3 ” 237 3 50/ ” ~
Engineering graduates in local industry. Quantitative| _years ° ° °
data were collected by means of a questionnaire. Alumrji More than 4 7% 5 39 6 10%
of the Department of Electrical and Computer 3122
Engineering, UWI (DECE), who are employed in local |__To® M | M% | 17 [2%] S8 | 100%

industry, were polled. They were drawn from thece
graduating cohorts-2010/2011; 2011/2012; 2012/2013.
The questionnaire was piloted using a -tesést New engineers working in the fields of control
method. The questionnaire was administered twice tGystems and energy systems made up morehiziéthe
five graduates from a cohort other than thosesample or 55% (See Table 3). Included in the ‘other’
investigated, with a one month elapse betweencategory were jobs inAcoustics and Standards
administrations. The coefficient of stability was found to Development demonstrating that some graduates gain
be 0.71, which is acceptable according to Frey, Botaremployment outside mainstream Electrical and
and Kreps (2010). Computer Engineering fields.
The questionnaire was distributed electronically to To determine the aas of specialisation in which
all 155 graduates for the 2010/2011; 2011/2012 andyraduates were working, respondents were allowed
2012/2013 cohorts. Thguestionnaire was mailed twice, multipleemode responses. Therefore respondents were
with a three week interval between mailings and postedillowed to indicate as many of the thematic areas in
twice in a closed Facebook group for the DECE. which they practiced. Thus, while there were 58
Seventynine (79) graduates completed the survey.respondents, the numbef responses for this item was
Of those completing the questionnaire, seven werep7.
unemployed; five werén fields outside of engineering; Notably, 56% of the alumni worked in two or more
and nine were working abroad. Therefore, 58 responsegiematic areas (see Table 4). Thus, the workplace is
(n=58) were usable. The overall usable response ratdemanding fairly broad disciplinary competence from
was 43%. the novice. Of the 33 persons who weudllkin more than
Since the research investigated new graduates of thene thematicarea, the most common pairing was
DECE there are no claims to generalisability to theControls and Energy systems engineera§9 alumni.
larger local population of practising engineers or even Not surprisingly the single largest employer of new
practising Electrical and Computer engineers: rather, th@ngineers is the oil and gas sector (see Figure 1). One
paper offers a modest description of the communicatiorencouraging sign, at least by way of suggesting diversity
demands made of new, Electrical and Computerin engineering enterprise, is that a few new engineers
Engineering graduates of the DECE, byaloodustry. were employed in software development and in
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entrepreneurial pursuits. Taken together they account foas time spent on official communication artefaets

7% of the sample. reports, correspondence, or any item needed by or
generated by the organisation’s business process. At the
minimum, therefore, novice engineers can expect that

Table 3. Respondents by Thematic Area they may have to write upward of two hours per day.
Total (n=97)
count % Table 5.Time spent on Written Communication

Communication Systems 15 15% % Time Spent writing perday | Number of respondents | % of Sample
Control Systems 31 32% Less than 20% 9 16%
Energy Systems 22 23% 21-40% 28 48%
Computer Systems 13 13% 41-60% 13 2901,
Electronics 8 8% Greater than 60% 8 14%
Other 7 8%

Novices who claimed to write for more than 60% of

Table 4. Respondents Practising in Several Thematic Areas . .
ther day, or more than five hours per day, may be -over

Total (n=58) estimating. However, when considered with a

count % description of daily work tasks, some new engineers are
Practising in 1 thematic area 05 43% given demanding, timeonsuming writing tasks (see
Practising in 2 themati 28 48% | 330r56% Table ).
ractising in emaltic areas © ° H

= _ novices Of thos_e polleq, half communlcateq_ oraiy 41%

Practising in 3 thematic areas 2 3% | practising in 60% of their working day and an additional 33% spent
Practising in 4 or more thematic 3 59, | morethan one more than 60% of their day speaking to others (see
areas thematic area Table 7). Oral communication activities were taken to

include participating in team meetings and delivering

oral presentations, but did not lnde time spent on
5. Communicating in Local Industry informal, and or unplanned discussions. This is higher
Most novice engineers, 48%, spent-240% percent of than Sangeev and Romanowski’'s (2001) finding that
their workday writing (see Table 5), where the workdaynew engineers spent less than 32% of their day
is eightten hours on average. This is comparable tocommunicating orally— a figure which included
Sageevand Romanowski's (2001) findingthat their  informal oral communication. Thatdal engineers are
alumni spent 32% of their day on written spending more time in formal, oral communication
communication.Writing time in this study was defed situations, may be explained by the ubiquity of

3D
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Figure 1. Novice Engineer by Employer Type
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Table 6.Novices with Significant Writing Tasks

Writing tasks ( bold italics)

Respondent 1 I'm the only (key post with specialised skills) at (Company name redacted) and my primary responsibility is to administer
Employed 1-3 years (critical company installations). These (critical company installations) provide access to (key ICT resources in named
Caribbean Territories) and they are used to change configurations, monitor performance and perform troubleshooting. | am
also responsible for ensuring the (key company installations) meet a certain quality by doing detailed trends analysis, and

forecasting.
Respondent 2 My job entails engineering and to some extent executing various projects assigned to me. These projects are new changes to
Employed 1-3 years the plant requested by various plant personnel. | work directly under another Electrical Engineer, who reviews my engineering

reports, etc. | also work along with him on his projects. Aside from these projects, | am also involved in the reviewing and
revising of our CAPEX [capital expenditure] list of projects as well as aiding with generation of work orders, etc. in
our Computerized Maintenance Management System.

Respondent 3 Job functions include documentation of the software systems being designed. My documentation and reports also
Employed 1-3 years support and determine business activities and guide decisions of upper management.

engineering teams supplanting the statahe engineer. more time required for completing such tasks. The data
Indeed, Sangeev and Romanowski's (2001) work wagloes tentatively suggest that this may be the case:
published over a decade ago: The engineering workplacgenerally wider disciplinary practice involved more time
has become incredip complex (power systems using on writing, with those practising in more than four
wireless telecommunication systems and advancedhematic areas writing for in excess of 60% of their
control systems for example) and globalisation of theworkday. Howeverthis finding needsprobing asmany
physical workplace has given way to virtual workplacesother factors affect time spent on writirg job duties;
with teaming on a transnational scale (Nair et al 2009workplace dynamics; birgess practices, to name a few.
Spinks et B2006). New graduates practising in just one thematic area
communicated orally just as much as those practising in
several areasestifying perhaps once again to the critical

Table 7. Time spent on Oral Communication . ? .
role that engineering teams have in the workplace. Thus,

c()::;h"::;fiz:t;:a;ay r::p";:g;::s SZ’m‘;e regardless of the knowledge and. tech_nical Jsle:ts
T T 3% 5 = being drawn upon, a large par;‘ehgmeerlng workis
o1 40% 5 o accompl_|shed via oral communication. _
T % 0 Nowcc_a engineers produced, on their own or through
& collaboration, a range of technical documents from
Greater than 60% 19 33% technical reports to technical manuals: The most

common was the technical report, followed by the
technical presentation (see Table 9). In this rmtide
Table 8 presents data on time spent Ohjtem where respondents could have indicated all the
communicabn in relation to the number of thematic responses that app“ed_ technical reportS, technical
areas in which respondents praCticed. It is I|ke|y that th%resentationsy field reportS, technical proposa's’ and
more areas of knowledge and practice drawn upon, th@chnical manuals— respondents did not list any other
more CompleX the communication taakd therefore the Wrmng genres, though the Option to do so was provided.

Table 8.Number of Thematic Areas and Time Spent on Communication

Time spent on writing Time spent on oral communication
Mode Mode
<20% 5 <20% 2
Practising in 1 thematic area 21-40% 13 ) 21-40% 4 .
43 % of Respondents 41-60% 6 21-40% 41-60% 9 >60%
>60% 1 >60% 10
<20% 4 <20% 0
Practising in 2 thematic areas 21-40% 14 % 21-40% 4 O
48 % of Respondents 41-60% 7 21-40% 41-60% 7 A
>60% 3 >60% 7
<20% 0 <20% 0
Practising in 3 thematic areas 21-40% 1 21-40% and 21-40% 0 41-60% and
3 % of Respondents 41-60% 0 >60% 41-60% 1 >60%
>60% 1 >60% 1
<20% 0 <20% 0
Practising in 4 or more thematic areas 21-40% 0 o 21-40% 0 W
5 % of Respondents 41-60% 0 e 41-60% 2 e
>60% 3 >60% 1
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Table 9.Most Common Technical Documents

Document Type < Most common to least common »
Rank 5 4 3 2 1 Mode

Technical Reports Count 21 19 18 0 0 5
% of Sample 36% 33% 31% 0% 0.0%

Technical Count 18 19 7 6 6 4
Presentations | % of Sample 31% 33% 12% 10% 10%

Field Reports Count 13 6 18 6 15 3
% of Sample 22% 10% 31% 10% 26%

Technical Proposals Count 4 13 12 17 12 2
% of Sample 7% 22% 21% 29% 21%

Technical Manuals Count 2 1 15 18 22 1
% of Sample 3% 2% 26% 31% 38%

This finding needs to be treated lwicepticismas  industry: Hitherto there was no evidence that there is a
other responses indicated that new engineers prepatecal market for technical communicators. Table 10
written artefacts other than those explicitly listed in theindicates how these technical writers were distributed by
guestionnaire. Indeed, the se¥ports appearing employer type.
verbatim in Table 6 point to an even wider writing When asked about the relationshibetween
repertoire— capital expaditure reports, work orders, communication ability and career advancement, new
and trend analyses— than respondents claimed for engineers felt that the ability to write, speak and
themselves. collaborate well is essential to promotion (see Table 11).

The majority of novices received support in their
workplace communication (see Figure 2). The most

frequently used support is from peers 67%. And, Table 10: Workplace with Technical Writers
40% of responents received additional training in Employer Type Number of Workplaces with
workplace communication. Of note is the employ of _ Technical Writing Personnel
technical writers. Though few in number, as only five :u':)::duﬁﬁts f
respondents indicated that they received this type of Software Develozmem 7
assistance, the hiring of technical writers may be Research and 1
indicative of new skillsets being required by local Development
35
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Figure 2. Workplace Support available to the Novice
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Table 11.Communication and Career Advancement

Communication Skill Likert Scale Critical Important Neutral Somewhat Unimportant mode
unimportant

Ability to write Count 34 18 5 1 0 Critical
% of Sample 59% 31% 9% 2% 0%

Ability to speak Count 36 19 0 3 0 Critical
% of Sample 62% 33% 0% 5% 0%

Ability to team Count 37 15 5 1 0 Critical
% of Sample 64% 26% 9% 2% 0%

Each skill received a modal ranking of ‘critical’. A of a mathbased disipline is the surest escape from
similar conclusion was drawn by Vest et §996). writing. It can be argued that for the enteyel engineer
They report that in the recruitment process, proficiencythe biggest impediment to getting the job done and done
in technical writingand interpersonal skills are deemed well is their uninformed belief that they will not be
the most valuablewhile, all communication skills, and required to write and speak formally and they tranef
in particular strong presentation skills, are needed forare not mentally prepared for these tasks.

promotion. If over half of the workday is absorbed by
communication tasks, then employers are expending a
6. Discussion large part of salaries for the communication artefacts

For the new engineer, industry demands broadheeded for and generated by their business process. The
disciplinary competence, often fawing specialisation Stée that employers have in the communication
in more than one Electrical and Computer Engineering’reparedness of local graduates cannot be gainsaid in
thematic area. This is paired with the need for stronghis regard. Indeed technical competence is enacted
communication skills. The majority of respondents through communication: where communication is weak,
reported that these skills are essential to their daily workhe technical soundness is likely questioned or lost to its
and career adveement. audience and becomes purposeless.

In keeping with trends elsewhere, local novices If local engineering programmes are to meet the
spend their workday in large part writing and speaking:needs of the job market then they must have curriculum
50% claimed to spend 480% communicating orally, Provisions which substantially treat with communication
while 48% spent 280 % of the day writing. Nominally, Skills. ~ What  specific ~ communicatientensive
engineering graduates entering loalustry can expect interventons are needed is beyond the scope of this
that five hours of an eighien hour workday will be ~Paper. However, this study does demonstrate that
spent communicating. communication curricula need to prepare graduates for

Novice engineers are expected to have a wideV"ting, Wltf\ and without support, a range of
writing repertoire. Other than the technical report and Mainstream’ artefacts— correspondence, = reports,
technical presentation, some new engineers werdechnical rgorts, and proposalsilso, communication
expected towrite, on their own or in collaboration with instruction is needed to prepare graduates to meet the
others, field reports, manuals, job orders, and proposalghetorical demands of writing scenarios that lie outside
In these tasks, engineers were supported by theif0mmon genres— capital expenditure reports and trend
companies through a slew of resources training, analyses. While it is impossible to anticipate all the
writing guides, and reviews by senior engineers:9enres and emerging genres graduates will have to
Novices made overwhelming use of peer Support_produce, a strong focus on developlng_ rheto_rlcal
However, though few in number, some new engineerfwareness will serve graduates well in unique
found themselves without writing support and had to€ommunicéion situations (Leydens 2008).

rely on the training received in thelegree programme. ~ Though few in number, some new engineers work
in nontraditional enterprise— a trend which should be
7. Conclusion encouragedas we seek to diversify our local economies.

As more engineers find themselves in stgs and
entrepreneurial  enterprise  where  organisational
structures are fluid; resources ar¢hin; and

If local, new hires spend over half dfieir workday
communicating, then there is needvtgorouslydebunk
th9 idea that engineers do not write nor do they neeq t%ommunication is evemnpredictable; there is need to
write well — the vast body of work which predates this : S : :

: o consider how communication curricula are meeting
research and the current investigation demonstrate th

fhese needs
groundlessness ofhis belief. Anecdotal evidence : ' .
testifies to the widehheld, contrived dichotomy Like Sageev and Romanowski (2001) and Vest et al

: L : 1996), this study treated communication practices as if
between the sciences and the humanities; invariabl o . ;
: . . ) ” hey wee objective fact, which can be described and
engineering students believe that “maths” and

“language” are two unrelated disciplines and that pursuitunderStOOd in_quantitative terms. This approach was
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practical in this instance, as the study sought to describe engineering’ Communication Educatior/ol.52, No.1, pp50-
in simple terms the datp-day communication demands _ 56 N _ _
that are made of entigvel engineers. Therds Faigley, L. (1985)“Nonacademic writing: the social perspective”.

. In: Odell,L., and Goswami, Deds), Writing in noracademic
nonethelesg a ne_ed. for mmméthodology and settings Guilford PressNY
ethnographic investigations to derive a more nuancegtey, L., Botan, C., and Kreps, G. (2000)nvestigating
understanding of communication practices in local Communication: An introduction to Research Metholityn

engineering workplaces. Of immediate interest would be and Bacon, Needham Heights, MA

studies that examine: Institution of Engineering and Technolod#T)(2008) “Problem

Lo . based learning: a joint UK pilot project histgrynternational

1) What communlcathn pr_actlces aré common  j,,mal of Electrical Engineering Education Vol.45, No2,
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demands of new engineers. Commication in the field ~-eydens.J. (2008)*Novice and insider perspectives on academic
- . . . . and workplace writing: Toward a continuum of rhetorical

of Electrical and Comput(_ar !Engmeerlng has in this PaPer ,wareness” IEEE  Transactions on  Professional

been treated as a monolithic whole. A more exhaustive communicationvol.51, No3, pp.242263.

examination of communication practices in local Nair, CS., Patil, A., and Mertova, P. (2009Re-engineering

industry can inform curricula as there may very well be graduate skills— a case study’,European Journal of

need for differetiation of instruction to meet the _ EngineeringeducationVol.34, No2, pp.13%139.

- : dell, L., and Goswami, D(1985)(eds.), Writing in Non
varying workplace demands. And since undergraduaté3 Academic Bttings Guilford PressNY

programmes cannot cater to the eV?ry ne_ed of indUStW?aradis.]., Dobrin, D., and Miller, R. (1985)Writing at EXXON
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2)  How well engineering graduates are faring in _ Guilford PressNY _ o
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