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Abgtract: Road freight plays a pivotal role in the movemehigoods from the point of production to the pairft

consumption. Transportation of freight by roaddsaxiated with high operational costs which in@sast of landed
goods. The use of trucks is associated with gragsthgas (GHG) emissions and congestion espeaiallyban areas.
The trucking industry dominates freight movemeniniany countries including South Africa, necessigthe need to
improve its operational performance. While researshargue that implementation of environmentallgtainable

practices (ESP) by trucking firms is likely to imfince operational performance (OP), the actuatteainknown. The
purpose of this study was to investigate the efd&SPs on OP among trucking firms. A survey of fiicking firms

was conducted and the data was analysed using icah@orrelation analysis. The ESPs identified evenergy

efficiency, driver behaviour, and advanced techgwl@ he results revealed that there is an invessgionship between
ESPs and OP, with advanced technology being a meajaributing practice to the relationship. Limitkohding was

identified as a major inhibitor to the implemerdatof ESPs among the trucking enterprises. Thiyshforms managers
of trucking enterprises that the implementatioemfironmentally sustainable practices would naliikesult in higher
operational performance, as such, they should imgfe the practices as a social good as opposeut frdfits. The

study investigated a complex phenomenon in an itapbsector of the economy in South Africa and glegome policy
directions.

1 Introduction importance of addressing socio-economic factorimit

The likely adverse effect of greenhouse gas emmissiothe transport sector to promote sustainabilityJjgfusses
(GHG) calls for far-reaching changes in the appneac the negative environmental impacts of the freigistesm,
towards sustainable transportation systems [1]. THacluding air pollution and energy consumption. [7]
negative environmental effects of road freighEXxplores strategies for sustainable freight trartsgion,
transportation are huge in terms costs to the fiamg considering the balance between economic welfate an
society, thus require innovative tactics on thésation of ~environmental impact. These papers provide insigttts
transportation systems in a more sustainable mgaher the challenges and provide potential strategies for
Environmental concerns are fast becoming a to%}:hlewng SUStalnabllltyln the South African rGEHhSpOI‘t
managerial concern due to customers' desire te trith ~ S€ctor. _ _ o
environmentally conscious enterprises.  Numerous While most companies strive for flexibility, relidity,
international studies have probed the intricaciesoad ~and cost reduction in the transportation of gotuse has
freight sustainability research from developed ecsies been a growing trend to implement environmental
like the United States and European countries eipjo Sustainability initiatives to achieve the statefic&fncy
diverse strategies such as alternative fuels, dogistics, and effectiveness objectives. Implementation  of
and vehicle electrification to mitigate environmaint Sustainable practices in transportation requirep to
impact [3]. Studies by [4-7], collectively highligthe ~Management support [8]. Transport operations aietsvi
challenges faced by the road freight sector inIS@fitica ~ contribute greatly to GHG emissions problems yst¢aech
in achieving environmental  sustainability whileOn the potential of environmental sustainabilitptomote
maintaining operational efficiency. [4] Identifies efficiency and competitiveness among trucking firms
operational challenges such as poor road infrastrec 'eémains inadequate [9]. When analysing systems taitth
traffic congestion, and poor maintenance stratetfies freight transport activities, three main topics egee
hinder optimal delivery of goods. [5] Emphasizeg thhamely business operations, operational performaamze
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environmental influence [10]. Operational perforan 2

(OP) refers to the efficiency and effectiveness aof
organisation's efforts to achieve its set objestiy#1].
Within trucking companies, the objectives mightlink

Literature review
Road freight sector in South Africa
South Africa has the largest and most developed
transport and logistics infrastructure in the Sav8an

21

fuel efficiency, reduced logistics costs and midimanfica. South Africa is identified as a key emexgin

environmental impact (noise, pollution, and acctdpfi1]
. Thus, trucking firms might focus on monitoringeth

economy owing to its membership in the BRICS. The
freight and logistics market in South Africa is Woabout

energy efficiency, maintenance costs and religbilitysp 21 53 pillion in 2023 and is expected to growbout

metrics to rgmain competitive. Qarbon emissionsnfro ysp 30 pillion by 2030 [16]. The road freight sedone
trucks are quite harmful to the environment; ahisgome ¢ the largest as it accounts for about 75 peragnt

countries
subsequently erode profitability [12]. Thereforéqmb
should implement sustainable practices that lesgenost

impose payment of carbon taxes whick,

mmercial cargo in South Africa. The road freighttor
comprises of a few large players such as Impengidtics
and many medium and small enterprises. The micro

of logistics as well as cost of goods to improveirth pjayers are also well represented where there arero

operational performance.
In South Africa, freight movement is predominariiiy

drivers. The sector has low entry and exit barrigras,
there are many competitors offering varying quabfy

road, which makes trucking services critical t0 th@eryice. The lack of strict regulation implies tbagrators

manufacturing and distributive industries. The king
sector is even more important in the port citielsiciv link
the inter-land and the international shipping lif3. This
implies that the port cities are likely to bear tast of
GHG emissions from the large number of trucks drap
and pick freight from the ports. Despite the lik&hyown
benefits of adopting sustainable road freight foans
there is little that is known regarding the relaship

are profit focused and initiatives related to sustdle
transport might not be a priority as they requisdrae
capital investments. Most South African industrety
heavily on trucks, which have become the dominawden
of transporting about 80 percent of commercialghein
South African. As such, road transport is the Hesat of
the South African economy [17]. Like any other iafity
in South Africa, the road freight industry has baéected

between environmentally sustainable practices ang several challenges, such as electricity outdgebprice
operational performance of trucking firms. Priosearch phikes and continuous industrial unrests. The infitialn

on sustainable freight transport and operatiofiigiency

electricity supply is characterised by many hourtoad

focused on the movement of goods through the sea dRedding a day, thus increasing warehousing andpat

Finland and established the practices can lead
developing a competitive advantage [13]. A studynir

¢Bsts as retailers order more frequently [18]. dditon,
fuel prices are going up not only in South Africat b

Belgium [14] investigated the implementation ofyqrgwide and this has impacted the cost of roadft
sustainable practices to minimise GHG emissions ar@vices and the logistics industry at large. Cqueatly,

operational costs by using an optimal truck clsaskie.
Prior research has also established that techncogly
innovation play a pivotal role in improving timeocargo
delivery in the road freight industry [15]. The Ilied
research on the effect of environmental sustaiitglaihd

the logistics increase resulting in an increasb®price of
goods [18]. The increasing trucking costs can dso
associated with labour issues resulting in protésés
increase security costs. The protests result igestons,
and higher emissions from the trucking industnBouth

operational performance of trucking firms calls omrica. In addition, deliveries are delayed restiin
researchers to fill the knowledge gap. The polemignhorary shortages of goods and services andrive so

objectives of greening the transport industry adl ae
minimise the cost of transport make spell the $icgmce
of this study to shippers, operators, practitionarsl

cases damages, especially where perishable goeds ar
involved [7]. The reliability, dependability, effency, and
effectiveness of logistics activities have thus rbee

relevant public agencies. The study addressed Q& nardised by such challenges. While one of thasithat

following research questions:

affect operational performance is Driver Behavi(iDB),

1. What is the extent of the implementation Ofnejr constant dis-satisfaction over their condisioof
environmentally sustainable practices (ESPS) amoRrg,yice has worsened their behaviour [19].

trucking firms?

2. What is the relationship between ESPs and OP

trucking firms?

3. What challenges do trucking companies face when

implementing ESPs?

The rest of this paper is divided into literatueiew,
material and methods, results, discussion, corausind
recommendations.

9f Operational performance of trucking

enterprises
Operational Performance (OP) refers to the atwlign
organisation to streamline its processes to magrinis
outputs by minimising costs, improving speed ofise,
flexibility, and quality of service [10]. Furthert iis
contended that trucking firms strive for consistelivery
of freight to as contracted by shippers. Given thaginess
environments are constantly changing, the trucking

~2 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics

Volume: 11 2024 Issue: 1 Pages: 1-12 ISSN 1339-5629

Environmental sustainability and operational performance in the road freight sector
Munyaradzi Mlambo, Joash Mageto, Sebonkile Thaba

industry still needs to remain competitive by impng its

indicator of the efficiency of the vehicles useaittucking

OP [9]. Whereas there are different ways to measuirdustry as well as impact on the environment [#8king
operational performance, the common metrics haes bevehicles more fuel efficient can be necessitated by

to make use of both financial and non-financial hoes
[20]. In this study, energy efficiency, maintenaromests
and reliability were used as measure of OP. Ptiatias
have argued that operational performance can bmired
by diligently managing the related activities tosere
optimal results by reducing costs and improvingviser
levels, which might involve acquiring some capaieid
from experts, [21]. While

proactive or cost-driven fleet acquisitions [1].€eTtoad
freight industry needs to employ technical elemenfts
logistics within their businesses to ensure that
sustainability goals and aims are attained [25¢yTarther
argue that the development of road transportataicips

on fuel efficiency measurements will help attain GH
emission reduction goals within the road freightustry.

research on operationalhe key to carbon-free freight transportation lieguel-

performance is mature, little is known about whetheefficient initiatives on road transportation systerto

environmental sustainability practices can
operational performance of trucking firms.

2.3 Environmental sustainability
The three pillars of sustainable freight transpana
are economic, social, and environmental [22]. Phésent

improvachieve a green circular economy and, in that cggar

various activities can be undertaken to ensuredffegient
transport operations. The activities include proper
scheduling, less idling time, speed reduction, and
congestion avoidance as some practices that canttel
improve fuel efficiency [7]. The achievement of Ifue

study, however, focused on environmentally sushdéna efficiency within the trucking industry goes furtheo

practices (ESPs)  within  trucking

companiesinclude various operational measures, such as leehic

Environmental challenges happen on land, water,iand utilisation optimisation, empty leg minimisationigit
the air and are mainly caused by business opesatiomehicle size and type choice for each operatiord an

human activities, and/or natural disasters

environmental sustainability is described as thiétyato
utilise the environment without hindering the prasand
future inhabitants [15]. Transport, which is pdrogistics
is a key contributor to sustainable developmenabse of

Theromoting efficient driving [26].

2.3.2  Advanced technology (AT)
Application of advanced technologies helps to aghie
high efficiencies in truck fleet management by Ifsting

its impact on the environment in terms of accidentshe use of automated routing and scheduling systems

pollution (land, water, and air), energy consunmptiand
the noise it generates [14]. The sustainable ftéaglistics
systems require transportation that is safe, ffilient,
and environmentally friendly as the costs assodiatith
this heavily erode profitability and reduce the ralieOP

automated documentation and billing systems, velsiod
freight track and trace capabilities, and maintepan
planning systems among others. Some technologies ca
monitor driver behaviour and road surface condgitm
prevent accidents and avoid mobility disruptioran® of

of firms [23]. is solely concerned with convenigntl the advanced technologies can monitor GHG emissions
planning the movement of goods using the minimust coand the likely air, noise and water pollution andhelp
in a sustainable way [22]. Thus, trucking firms arégnanagement take corrective actions in good timeutiiy
expected to implement some environmentally sudtééna maintenance or decommissioning some of old vehicles

practices to reduce the negative impacts of tratesjan
to the environment. This is because road freightement

Environmental sustainability was not a popular @nc
until the 1980s but interest in the inclusion of

activities harm the atmosphere and the environmetiinsportation technology had started long befioae f7].
through the emission of gases and consumption of ndVlany road freight transport companies are makiregafs

renewable energy [22]. Prior research has alscedrthat
implementation of transport sustainable practiceh sas
fuel-efficient engines, advanced technologies, oupd
driver behaviour require significant initial

advanced technology (AT) in all areas of operatiothe
industry due to the benefits that it brings. Thenplexity
of transportation activities renders the use ofaaded

capita technology a necessity [27] while it is found tte use of

investments which is sometimes not readily avadlabladvanced technology had significantly improved kirag

Furthermore, it not known whether firms that impésih

the sustainable practices can improve their operali

efficiencies and effectiveness.

2.3.1 Fuel efficiency

of cargo in transit [13]. Technology plays a pivatae in
enhancing environmental quality and company
performance. A study on the Japanese transporsiindu
found that technology innovation improved perforggn
and that the incorporation of high efficiency arav|

Fuel constitutes a large share of the cargo movemesarbon reporting technologies was important to echi

operating costs incurred in the road freight indysthich
are mostly related

environmental sustainability [23].

to GHG emissions from an
environmental perspective [14]. In the UK, freight2.3.3
transport had a 38% share of the total fuel consuime

Driver behaviour (DB)
Freight transportation is highly dependent on dsve

2017 [24]. Fuel consumption per km is a very imaort who provide timeliness and safety along the ro@k[1
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besides infrastructural and technical developmémse is 3~ Methodology
a need for policy and driver behaviour changeshé t  The study followed a positivism paradigm. Positivis
trucking industry is to continue to thrive [2]. Thetargets accuracy, generalisability, consistency,d an
performance of truck drivers has a huge bearinj@m  replicability [31]. The quantitative approach alievfor
customers perceive the service offered by truckingie testing of the relationship between ESP and OP
companies[28]. A fossil fuel-based transportatigstem  gpjectively. The main objective was to investigate
is heavily dependent on human (especially drivergp|ationship between operational performance and
interactions with the environment [28]. Aggressiv&ing  environmentally sustainable practices. A survey was
wastes energy, while improved driver behaviour (DBonducted, and data was collected using a strutture
reduces the amount of fuel consumed. ThUS, it [imhlnnt questionnaire_ The scale questions made use dfvihe
to have precise knowledge of human aspects thatdtmppoint Likert-type scale where 1 = strongly disagr2e=
OP as this will help in the manufacturing of vebgcthat  disagree, 3 = neutral, 4 = agree and 5 = strongiyea The
are easy to use and provide much-needed constagnple for this study consisted of trucking comearin
feedback for decision making [29]. DB is concerméth  the Western Cape, South Africa. A total of 124 dali
dynamic driving characteristics, such as road gafeel  responses was received from respondents who caedpris
efficiency, and good driving patterns [26]. The €8 of owner, logistics managers, operations managers,
components of the total cost of ownership (TCOEeH(3), supervisors, or their equivalents involved in dayday
namely fuel, insurance, and service, maintenannd, arynning of the trucking enterprises.
repair (SMR), are heavily influenced by DB [30]. pescriptive statistics were used to determine theng
Improved DB, where drivers drive smoothly and makgy which trucking enterprises have implemented ESPs
informed cautious driving decisions, keep insurancgxploratory factor analysis was used as a concaijatity
premiums constant, or reduce them, reduce fuglchnique. Reliability analysis assessed the iatern
consumption and overall truck maintenance costgonsistency of the scales. Canonical correlaticalyais
However, the debate whether driver behaviour g&CA) examined the relationships between the measur
sustainable transport practice can affect operattiorof ESPs (driver behaviour, advanced technology,faeid
performance of a trucking firm remains inconclusive efficiency) and measures of OP (energy efficienogt per
km, maintenance costs and reliability). The datalyesis
model is depicted in the Figure 1.

[:"":x/-

) Cost per

S Km/Mainten
ance Cost

\\\\\

e
e
\\

Figure 1 Data analysis model
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Appropriate ethical considerations were considereglvery two years. The results might imply that firthat
during the formulation of the study and in the dataffered driver refresher trainings were acknowledghat
collection procedures to ensure privacy and confidéty  the behaviour of their drivers had a significaratiey on

of the respondents. their operating costs as well as their overall &Pargued
by [3]. The majority of the firms were either smailt

4 Results medium confirming the national demographic of tbadr

41  Respondent demographics freight industry whereby there are few large entses

The results show most of the respondents were mal¥éh @ majority of the firms being small and mediimsize
(see Table 1). In addition, 86.3 percent of theoedents (Mordor Intelligence, 2023).
had at least a diploma from a tertiary institutionplying

some professional training in transport, logistios Table 1 Respondent demographics

management, thus, had the expected knowledge toDemographics Percentage (%)
understand the requirements of the research.rstef job Gender
positions, most of the respondents were either gemsa Male 75.C
operations managers, or owner managers. Femal 18.5
The study sought to find out whether companies were Prefer not to sz 6.5
implementing some form of environmentally sustai@ab | evel of education
practices (ESPs). A dichotomous question was pteden High School certificat 8.1
to the respondents where they were to answer yes/no National certificat 5.€
Surprisingly, most of the firms (80.6 per cent) &er Diplome 15.2
implementing ESPs, implying that many of the fiimshe Undergraduate degt 30.¢€
road freight industry were familiar of the concepgreen Honours degre 21.¢
transportation. One of the sustainable transpdiaiives Masters/Phl 18.¢
involves training drivers to improve their driving Job Position
behaviour. The study sought to know whether thegir  Owner: 23.2
were offering any form of driver training. The résu Operations Manage 23.2
obtained (Table 2) indicated that most of the tiugHirms Manager 23.2
(79.9 per cent) offered driver refresher coursésast once Supervisor 12.1
Othel 8.C
Table 2 Driver refresher courses
Refresher
course Not at all After two years Yearly Twice agar Total
Micro 13.7% 0.0% 0.8% 1.6% 16.1%
Firm size Smal 4.0% 4.8% 24.2% 12.1% 45.1%
Mediurr 1.6% 2.4% 9.0% 21.8% 34.8%
Large 0.8% 0.0% 0.0% 3.2% 4.0%
Total 20.1% 7.2% 34.0% 38.7% 100.0%
4.2 Extent of ESP Implementation technologies and energy efficiencies. Thereforeg th

The extent of ESPs implementation among the trgckiimplementation of ESPs by trucking firms is to ghhi
firms was investigated and results were presemekhble extent. This implies that many of the trucking farare
3. The extent was measured as either being loweratel aware of the negative effect of GHG emissions fhiight
or high. On average over 80.6 percent of the ficos transport vehicles and are ready to implement some
implement the ESPs related to driver behaviouraaded initiatives to minimise the effects.

Table 3 Level of ESP implementation

Code Indicators Low Moderate | High
extent | extent extent
Driver behaviou 7.9% 11.4% 80.6%
DB1 Bonussystems encourage good driver behay 38.7% | 16.1% 45.2%
DB2 Internal driver training programmes help enshiring of good quality| 8.1% 34.7% 57.2%
drivers
DB3 The life span of trucks heavily depends on driverdviou 0.0% 3.2% 96.8%
DB4 Driver training works and it can save the business mc 0.0% 11.30% 88.70%
DB5 Driving style affects other vehicle running costgy(, insuranc 0.8% 1.6% 97.6%
~5~
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DB6 Driving performance has a huge bearing on henctistomers perceive0.0% 1.6% 98.4%
the trucking companie

Advanced technolo 2.8% 14.0% 83.2%

AT1 Automatic transmission trucks can reduce thibaacontent of the fuel 1.6% 16.1% 82.3%
usel

AT2 Gas emission control technologies are an eisdaabl for managing 0.0% 6.5% 93.5%
vehicle emissior

AT3 Driver monitoring software proactively tackléee source of potential 4.8% 25.0% 70.2%
accidents and ensures that drivers are not beihgmuler pressure tp
take risks on the road to meet tar

AT4 GPS allows timely sharing of information thaanc help improve 7.3% 15.3% 77.4%
environmental sustainabil

AT5 Telematics helps companies to quickly idendifgas that need action td..6% 11.3% 87.1%
reduce a negative impact on the environt

AT6 Vehicle tracking helps monitor where vehiclag @ real time and 0.0% 1.6% 98.4%
provides information on traffic and best routesise

AT7 Remote vehicle diagnostics technologies helduce the overall 0.8% 15.3% 83.9%
maintenance cost of truc

AT8 Remote vehicle diagnostics can help avoid dewatand possible fuel 6.5% 21.0% 72.6%
leaks

Energy efficienc 0.7% | 8.9% 90.5%

EE1 The amount of gas emitted, and the total ermyggumed by trucks can0.0% 4.8% 95.2%
be reduced by -vehicle eco driving systet

EE2 Optimal truck routing and scheduling has beem s one of the meah9.8% 2.4% 96.8%
to help companies reduce their energy consum

EE3 Proactive and cost driven truck acquisition esstates energy0.8% 21.8% 77.4%
efficiency

EE4 Energy consumption can be increased by driver behe 0.0% 0.8% 99.2%

EE5 Uncoordinated routing translates into furthestashces travelled and0.0% 0.0% 100.0%
more energconsumptio

EE€ Following speed limits and cruising speeds aid &iffitiency 2.4% 23.4% 74.2%

Exploratory factor analysis (EFA) was used to ettraand DB4) for the ESPs. The second set of three
the latent components from the indicators relabeH$Ps components was related to operations performance
and OP. Prior to conducting the exploratory faatwlysis, construct and were interpreted as operations nrante
two diagnostic tests were carried out to check thHead nine indicators, operations reliability withufo(4)
factorability of the data. These tests were KaiMdeyer- indicators and operations efficiency with two iratiars.
Olkin of Sampling Adequacy (KMO) and Bartlett'ste$ All the indicators that were selected for each congmt
sphericity. Bartlett's test of sphericity shouldvhaa p- had a factor loading of 0.5 and above, which shihas
value less than 0.05 (p<0.05) for the analysis ¢o lihey had sufficient variance explained for the give
considered significant, while the KMO index rangesn  construct [32,33]. Reliability analysis was doneheck if
0 to 1, with 0.6 being suggested as the minimumaevédr a given factor was consistently reflecting the tarcs it
a good factor analysis [28,32]. Both the ESPs aRch@ was measuring. Cronbach’s alpha coefficient is the
a KMO value of 0.687 and 0.867, respectively, whighie commonly used test, and it has a threshold of 063f].
above the minimum threshold of 0.6, signifying theiReliability analysis was tested and presented ufdéte
suitability for factor analysis. Bartlett's test sphericity 5. The results clearly show the highest value 814.for
was statistically significant (p<0.05) as expected. operational maintenance and the lowest of 0.588fwer

A set of three components related to ESPs and @® wéehaviour. For ESP, advanced technology was wittien
extracted using PCA based on eigenvalues greaarlth acceptable threshold value, while driver behaviaod
The extracted components were rotated to obtaifattier energy efficiency were below the threshold, howetrery
patterns using the varimax rotation. The resufirazided were retained for theoretical reasons. In term®f both
in Table 4. The extracted components were integdrat operational costs and reliability had high internal
advanced technology with three indicators (AT8, AdiTd  consistency reliability with Cronbach’s alpha vadabove
AT6), energy efficiency with three indicators (EEEE4, 0.8, which was acceptable.
and EE1) and driver behaviour with two indicatdp88
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Table 4 Rotated component matrix

Indicator Indicator description Factor Reliability Latent
code loadings variable
Environmental sustainabili
ATS Remote vehicle Q|agnost|cs can help avoid 0.808
downtime and possible fuel le:
AT7 Remote vehicle dlagnostlcs technologies help0.778 Advanced
reduce the overall maintenance cost of tr 0.755 technolo
Vehicle tracking helps monitor where vehicles are ay
AT6 in real time, provides information on traffic and 0.657
the best routes to L
Optimal truck routing and scheduling has been
EE2 seen as one of the means to help companies redud& 776
their energy consumptis
EE4 Energy consumption can be increased by drlverol712 0.595 Energy
behavio efficiency
The amount of gas emitted, and the total energy
EE1 consumed by trucks can be reduced by in-vehicle0.647
eco driving systen
DB3 The I|f_e span of trucks heavily depends on driver 0.81 _
behavio Driver
Driver training works — it can save the business 0.582 behaviour
DB4 0.756
mone)
Operational performanc
OPC3 Fuel cost per km has been reduced over the pa56.856
three yeai
OPM3 Planned maintenance programs are in place for a”0.787
our truck:
OPC5 The total number fuel litres bought for the past 0.727
three years has reduc
OPML1 The rate of tyre replacement has reduced over theb.716
past three yes
OPC6 Tyre life span has improved over the past threeol713 0.914 Operations
year: Maintenance
OPC4 Swﬁtness of _|dent|fy|ng areas that need urgentol662
attention has improved in the past three y
OPMA4 Total number of litres of oil bought in the past 0.599
three years has reduc
OPM5 Driver training scheme and behavior have 057
improved in the past three ye
OPC1 ;/I'é:c;k utilisation has improved over the past 3 0.501
OPR? !Dellvermg cargo at t‘he right location has improved 0.837
in the past three ye:
OPR1 !nformatlon sharing with our customers has 0.804 _
improved in the past three ye Operations
Customer service plan has improved for the past 0.86 Reliability
OPR4 0.779
three yeai
OPR3 On-time cargo delivery has improved over the past 0.76
three yeai
OPE3 TrL_Jc_k acquisition policies have changed to energy j geq
efficient models for the past three ye Operations
Satellite tracking technology systems are installed 0.801 EE‘icienc
OPF4 in all trucks for optimal routing to reduce 0.77 Y

operational co:
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4.3 Relationship between ESPs and operational
performance The examination of the dimension reduction helped i

The study sought to establish the relationship betw testing the statistical significance of the hierarally
ESPs and OP among trucking enterprises. Each ¢ihe arranged functions. The examination conflrmed that
constructs had three variables thus making itaiffito  roots 1to 3 F (9; 287.33) = 4.72; (P<0.05); Wilkismbda
test the relationship through regression technignesce (£ (0.71515) was statistically significant and was
the choice of canonical correlation analysis (C@8) considered for interpretation as well as root Btdrhe
establish the relationship. The canonical cormetati results are illustrated on Table 7.
coefficient measures the strength of the assoadiatio
between ESPs and operational performance. The C&£&A w

used because it denotes the top level of grossrline Table 7 Dimension correlation function

modelling (GLM) and can test a relationship in &itons Roots Wl'_lks F Hypoth.DF | Error.DF S'g,:‘Of
where both the dependent and independent constranats 1to | 0.7151 | 4.7154( 9.0¢ 2873 0.0C
multiple variables [30,31]. CCA was conducted to| 2to3 | 0.92105 2.49762 4.00 238.00  0.043
ascertain the relationships or significant candniagates 3toc | 0.9709 | 3.5879( 1.0 120.0C_| 0.061

that help justify the existence of a relationshépieen the

two constructs. The Wilk’s lambda)(was chosen because ~ To establish the relationship between ESP and I@P, t
of its general applicability [28,32,42], howevet, is Standardized coefficients, communalities, and stirec
important to note that all the other tests areistteally ~coefficients corresponding to the first and sedondtions
significant. Wilk's £ =0.71515, F=4.71540 and P=0.000vere analysed as presented in Table 8. The funetam
(Table 5) proved that the model was statisticallghosen because they fulfilled the criteria regaydin
significant, though it explained about 29% of tlagiance. Statistical significance and amount of variancelared

[33,35].

Table 5 Test statistics Considering the standardised coefficients of fuarcti,
Test Name Value Aprox. F Hypoth DF Errorpf 59+ ©f  Operations maintenance (0.60359), operations ifjab
S 03000 45105900 36000 500( (-0,65932) and operations efficiency (-0.91282) reeea

lals . . ‘ . . . . s

Hotelings 0.37202  4.82244 9.00 35000 o0ooo Significant amount of th_e relevance of the_o!epehden
Wilks 07151  4.7154( 9.0C 287.3:  0.00( variables in the relationship, although operatiffisiency
Roy< 0.2235¢ depicts an inverse magnitude. Considering the ataligkd

coefficients of the independent variables for fiorctl,

Three canonical correlation functions were notethwi @dvanced technology (0.85568) was the most relevant
the first canonical correlation coefficients of 7282, an While and driver behavior had a weak negative igtahip
explained variance of 77.39476 percent and an eigea  With the dependent variables. The energy efficiency
of 0.28792 as illustrated on Table 6. Thus, corifigrthat  (0.00717) variable was the least relevant in this
the hypothesis is correct, that is, ESPs and dpesdt relationship. . o _
performance are positively correlated. Sherry apdgén The structure loadings sJrshow significantly high
[33,35] claimed that functions that describe a i#ms loadings for function 1, which depicts a negative
amount of variance among variables should be irgeeg. relationship between operations performance and the
In addition, function 1 explained a substantivel%@of the ~canonical variables. Operations reliability (rs0-63385)
variance and should be considered for furthetnd operations efficiency (rs =-0.80661) were natethe

interpretation. most relevant dependent variables all loading awtfan
1. Driver behavior (rs = -0.52424), and advanced
Table 6 Eigenvalue and canonical correlation fuong technology (rs = -0.88322) were the most relevant
Function | Eigenvalue| Pct. | Cum. Pct. | Canon | Sq. Cor predictor variables based on their correlationsh viite
No. Cor. canonical variates and confirmed the negativeicgiahip
; %’f{éﬁb 71721332;9 7759;‘67;95 0-4(7)22%6 7‘3{22032‘5]41 (see Table 8). The canonical effect3Ror function 1 is
3 0,020 [8.0370! [100.0000 |0.1703 [0.0200. | OPserved to be 22.356.

Table 8 Canonical solution for ESP and OP

Function 1 Function 2

Coeff s rs? Coeff s rs? h?
Operations maintenance 0.60359 -0.25547 6527 1 2008 67.314 73.341
Operations reliabilit -0.6593: -0.6338t 40.17: -0.6700¢ -0.008- 0.006° 4.183:
Operations efficienc -0.9128: -0.8066. 65.06: 0.1809¢ 0.5484: 30.07¢ 95.14:
Rc? 22.35¢€ 5.141
Driver behavioL -0.4708¢ -0.5240¢ 27.46. -0.5923: -0.4506: 20.307 47.76¢
Advanced technolog -0.8556¢ -0.8832: 78.00¢ -0.0049: 0.2547¢  6.49C  84.49¢
Energy efficienc 0.00717 -0.34761 12.08' 0.905: 0.8109¢ 65.76¢ 77.85¢
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The communalities @ showed that some of thetechnical challenges. The results might also intpit,
variables were relevant and useful, while othereewmt. despite  having technical expertise and being
Communalities above 45% are claimed to be giving knowledgeable about the policies, faced with inadég
solution to the problem in question [33,35]. Thealedent finances to fund implementation of environmental
variables (operations maintenance, and fuel effgiehad practices could remain a big challenge.
communalities values above 70%, similarly, advanced

technology and energy efficiency also had values/ab Table 9 Challenges of implementing ESPs

70% for the independent variables revealing the Variables Low Moderate High @ Total
significance of the four variables in the relatioips The Financial 5 6% 0 0 0
use of CCA as a statistical method helped estaltish Challenge -070 5.6% 88.7%100.0%
relationship between ESPs and OP of trucking coimegan Technical

Function 1 showed operations efficiency as keyonse Challenge 24.2% 29.0%  46.8%100.0%
factors of OP, while advanced technology was thetmo Lack of

relevant independent variable. The results for tioncl Informatior 41.1% 35.5%  23.4%100.0%
also imply that only a single relationship dimemnsexist i

between ESPs and OP based on the canonical effect I|C);S:;r:](lmarke 53.2% 15.3%  31.5%100.0%

Therefore, there is a relationship b.etween ESPabm_ Managerial and

and OP variables based on the high structure Igadin organisational 71.0% 12.9% = 16.1% 100.0%
Theoretically, advanced technology increase shraddIt challenge

in operations reliability and efficiency, but theodel

depicts an inverse relationship [36]. The compleaftthe . .

technologies associated with green transportatiakess © _DIscussion .

them costly, thereby contributing to non-impleménta The main objective of this study was to establs t
as most companies consider the costs in direct agsgm  relationship between ESPs and OP among trucking
with the benefits to be attained. It might be intpot to  companies. The ESPs activities among trucking firms
examine the specific technologies that are needed ifclude enhancing driver training to achieve optidrever

improve reliability and fuedfficiency. behaviour, implementation of advanced technologiesh
as telematics for routing and scheduling, as weliicle

tracking and fuel monitoring as well as energyoifficy
initiatives that require adopting fuel economy @egi,
lectric or hydrogen trucks. The findings reveladtt
‘%ajority of the trucking firms are implementing E3B a
moderate or high extent. The finding aligns witk {f7]
which developed a 30-year green transport stratlgly
requires operators to implement initiatives to lovi@HG
emissions. Some on the green transportation desvit
identified in the strategy include application ofelligent
transportation technologies, fuel economy and energ
efficiency. It is established in this study thateth
implementation of ESPs has a one-dimensional ievers
relationship with operational performance. Advanced
technology (AT) was found to have the strongest
relationship with OP, although it was inverse. Tiigling
disagreed with [37] who observed that AT has aiggmt

4.4  Challenges of implementing ESPs

Ascertaining the challenges faced by truckin
companies when implementing the environment
practices was one of the research objectives sfdtiidy.
The challenges related to implementation of ESPsngm
the sampled enterprises were classified into loxgile
challenges, moderate challenges and high-levelestuds
as illustrated in Table 8. Various challenges wated in
the literature and this question sought to find loaut the
respondents would rank the challenges in the oofler
importance. From the results depicted on Table @&tm
respondents 88.7% of the firms ranked financiallehges
as a high-level, implying that it is a major impeént,
followed by technical challenges which might betet to
the difficulty of obtaining the relevant skills \inh the

L?g#;tgﬁ;‘glgﬁ w;gigilg\éae?ééng)n?ﬁtf: \:veeglllél {gijsg'reene positive relationship on logistics and transpomragions.
P The likely explanation would be that sophisticated

g\r/]vﬂlrirr:%ess thTuhse reglqilémnr?]a?l?;[eirsnsnl]eegtaéowglrlelit; mmgfgchnologies, such as trailer tracking, remote ribatjics
: policy, 9€, chnologies, and dynamic routing, require highiahi

and organizational issues were considered low leve] . , : ; .
challenges. The result might imply that the nong pital outlay in terms of the installation equiprnas well

implementation of ESPs could be because of lack & skills, which in turn increases operational .caste
pie . ) ajority of the sampled enterprises were eitherlisara
funding and/or technical expertise.

; : . medium in size implying the huge financial challesg
From the result, one might conclude that financi MEs face, thus, making it difficult for them tovést in

challenges are .hUQG t_)ecau.se the implementatiomyof 3he advanced technologies related to green tratasjoor
ESP comes with a financial outlay. The reason WhPél]

technology was ranked second in the order of inapee Energy efficiency has an inverse relationship V@b,

could be linked to the ever-changing teChnOIOgie?mplying that while trucking companies need to easall

meaning companies will need to always outsourc : S
expertise in this area, thereby causing more filahrnd feasures are in place to attain high levels of gyner
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efficiency, the measures are likely to be costhd antax rebates or any form of incentives to encourage

discourage especially the medium, small and micnost
While [14], observed that fuel accounts for a lssgare of
logistics operating costs in the freight industthe
measures to ensure high energy efficiency areycast
discouraging to profit seeking enterprises. In tioldj [12]

compliance with the relevant environmental laws.

While the results reveal that many of the sampled
enterprises had implemented the environmentally
sustainable practices to some extent, they eqtatigd
myriad challenges such as financial, technical eiqee

also observed that technological advances enharale fand lack of relevant information related to envirmamtally

efficiency of freight vehicles and reduce the carbontent
of the fuel used, however, the sampled enterpoaich
many are small or medium might find it difficult tovest

sustainable practices. The finding implies that aggens of
road freight enterprises should be able to overctirase
challenges before they can successfully implenensaid

in these technologies. This then implies that tingk green practices.

companies need to incorporate technologies thatregdyy
efficiency and reduction in GHG emissions. In liwih

this, [17] also argued that shorter time framesvricle
replacement play an important role in fuel efficgnthus

6 Conclusion
We establish that majority of the enterprises ingdl
in trucking business in South Africa are SMEs amgl a

implying that trucking companies need to have betteyyare of the negative impact of fossil fuels andGGH
scrappage policies based on the number of kilometa¥missions to the environment. Many of these fiais®

travelled as opposed to the age of the trucks.

implement environmentally sustainable practicesame

~ The operational performance construct was dividegiktent, but within the confines of their financiahd
into three metrics viz. maintenance, reliability dan technical capabilities. Within the trucking induysit is

efficiency. Operations efficiency and reliability eve
established as the most relevant response variabtes

research findings highlight costs related to repaireffectiveness.

breakdowns, idle time, low utilisations, and gefiggoor

observed that implementation of sustainable prestitoes
not result in improved operational efficiencies and
The finding implies that truckingmis
should implement environmentally sustainable pcastas

fleet management as key determinants operationgkocial good as opposed to for profit. The highpetition

performance. This is confirmed by [3], who claintbdt
fuel costs had greater influence than other vegmbh the
overall performance of the transport industry. Tésults
also imply that trucking companies need to closedypitor
their operational reliability in terms meeting thelients
requirements consistently through effective routargl
scheduling. While reliability is key component of
transport service quality it would be inverselyatetl to

and low margins in the road freight sector is k&b
discourage small and medium firms from participzim
environmental sustainability due to financial aechnical
challenges. This calls for government agencieshsider
lowering tax on environmentally friendly technolegj
fuels, vehicles and associated training or expegisvices

8o encourage adoption for the social good. Acticmf

government is likely to result in moving closegtthieving

environmental sustainability initiatives based dme t UN SDG 11 related to sustainable transportation.
amount of capital investment required to achieve th Managers in the trucking sector are informed that t

required service levels. Further, a by [6] affirrist
advanced technologies help in keeping both thespan
operator and the shipper satisfied, resulting iprowed
operations reliability. It is also important to aothat
operations reliability can be affected by congestiothe
cities which result in delayed deliveries, in sgelses real-
time sharing of traffic data sharing technologias be of
help to assist in rerouting trucks to ensure highvdry
reliability as well as reduced costs and GHG emisstue
to congestion. This implication is supported by 2],
which argued that advanced technologies were irinmain
use by road freight enterprises. Therefore, itrgaied in
this paper that the implementation of sustainatdetices
such advanced technologies, energy efficiency attéh
driver behaviour is not likely to result in highesptional
performance in terms of efficiency and effectiveness
such, the implementation of sustainable practibesls be
done as a social good by responsible enterprigbsutia
major focus on profits. In addition, it is critidal highlight

that the financial burden associated implementing t

sustainable practices makes it very difficult foMEs in
the trucking sector, this requires government toduce

implementation of sustainable practices is notlyike
result in improved operational performance. In addj
the implementation of sustainable practices require
financial and technical resources. Thus, implentemtaf
sustainable practices should be a strategic decisiat
requires to be well thought before and resourdesated
in the long-term to avoid operational inefficierxie

The findings of the study are limited to the truncki
industry in South Africa and may not be generalieedll
countries in Africa. The data was also collectedssf
sectionally. In future a multicounty longitudinatudy
would help compare the various regions to estaltiligh
relationship over time. Data from developed coestri
where the implementation of sustainable practices i
mature would help to understand the relationshitebin
the future.
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