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ABSTRACT

Over the last century, with the globalization ofrkeds, the goods flows has increased
throughout all over the world and this fact hasat#d uncontrolled environmental problems.

Considering the need for the evaluation of greerctim@s in organizations, this paper
reports the development of a conceptual modelititatrporates green practices in order to support
environmental sustainability throughout the supgigin.

The model has been developed following the maire@spreported in the literature and
from insights gathered from interviews to Portuguearriers whose sample represents a large part
of national transport sector. Such interviews afldwthe assessment of which are the green
measures adopted by each company and what prosedndepolicies are essential to conduit a
greener logistics. Some of the measures are enfdag& E and Portuguese legislation.

The main objective of the paper is therefore twafdll) to present a Green Model (GM)
that helps companies to evaluate their activitiasyreal time, throughout the analysis of key
performance indicators (KPI) developed and preskerite each level of decision; and (2) to
ascertain the actual degree of accomplishment ®ef“tineen” legislation by Portuguese carrier
companies.
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1 | ntroduction

The supply chain and their flows are directly catad to the pollutant emissions into atmosphere by
the impact of their processes. With the growth eficerning about environmental conditions on our
planet, green logistics (GL) has emerged as a ringehnd solution approach to introduce these
environmental concerns into decisions taken insaipply chain flows. To do so, GL takes into
consideration the constant search of solutions &asuring and minimizing ecological impact and,
simultaneously, to maintaining high levels of affitccy and competitiveness [1]

As part of logistic activity, transportation is gmficant component of most supply chains, both in
terms of benefits and in terms of drawbacks. Is #ontext, the European Commission created some
official programs (e.g. Marco Polo | and Il) and Eebulations that aim to reduce the environmental
impact of road freight transport activities.

Since the environmental problems and externaldssociated to road transport are a milestone in
evidence in the European community, and societiegeneral, there are innumerous pressures that the
decision makers (and their organizations and cormpamare subject to. These pressures can be social,
environmental, governmental and customers. Not willythe customer ask the supplier to measure the
carbon footprint of its business, but also will tBeropean Union issue a considerable amount of
environmental legislation in the area that theieamust meet.

It is important therefore to transportation comganand other stockholders to develop a generic
model which allows them to identify the factors tthaffect the impact of their activity on the
environment. Most of such factors can then be chdrmy improved from adequate analyses grounded on
monitoring an adequate set of key performance aidis (KPIs). On this way, analyzers can measure
progress toward green organizational goals, progidihat KPIs are (as should be) quantifiable. Hlg
important to set targets to each KPI.

The result of applying a strategy for green logsstio a road transport operator is a cost reduction
and a shorter delivery time, which are positivéimately, to the customer. The society itself algas
because of the decrease of the environmental fiobtgrthe carrier.

The road transporter has much to gain in the imptgation of a green logistics service. Besides
being the only possible path to follow, it is thght thing to do, it is more efficient, more comigieé and
allows society to walk on the path of environmestatainability in the benefit of all.

The problem is that, in general, small and medinterprises (SMES), in particular, do not measure,
for example, their carbon footprint (one of theekeint KPIs) mainly because they do not have the
necessary technologic means nor the technical leunel. Therefore, how they can monitor adequately
their activity in order to accomplish environmenEdl directives and legislation? How they are capabl
of anticipate their environmental friendly acticaxsd measures in order to try to obtain some comneeti
advantage from competitors, since customers areasimgly demanding green(ner) products?

The objective of this paper is twofold: (1) find towhich aspects (e.g. informational and
computational components) transportation SMEs denghe most important ones in order to monitorize
and manage their activities; and, based on tha®e,p(rpose a general, institutional and across-
companies, collaborative framework for performatiegr green logistics.

The remainder of this paper has the following dtmee In Section 2 we overview the most relevant
literature in the context of this work namely eovimental and enterprises concerns, real probleats th
we can find to quantify the road transport activitypact, difficulties to implement a model and pbks
action strategies. Section 3 presents the curirgtion of the freight sector in Portugal, in peutar the
reality about the national carriers and the degféavolvement with green logistics activities agpwith
and the perspectives of companies. In Section $nesent our proposal of conceptual model, which is
then discussed in Section 5. Finally, Section @egoted to final remarks, conclusions and suggestio
for further work.

2 Literaturereview

Carter & Rogers [2] defines green supply chain (E&E “the strategic, transparent integration and
achievement of an organization’s social, environtaleand economic goals in the systemic coordination
of key inter-organizational business processesniproving the long-term economic performance of the
individual company and its supply chains”.



GSC aims to minimize the wastes related to therenment and its sustainability needs to be seen
as an imperative to all companies leading to therament of top management and subsequently extend
this communication to all organizations level irder to develop processes and offer more sustainable
products and services [3].

2.1 Green Logistics Strategies

Green logistics strategies intend to reduce thel faosts to the customers and practice a more
rational supply chain management (SCM) while reBpgdhe environment and the efficiency of energy
consumption.

Rodrigue, Comtois, & Slack [4] report five possilsteategies that ensures the maximum efficiency
and profit in logistics activity but also minimiziee environmental impact:

1. Minimize shipments;

2. Use efficient packaging;

3. Transport programming

4. Modal shift (from road to intermodal means)
5. Select suppliers criteriously.

These strategies can be seen as a way to minitmizéogistical final costs grounded by continuous
improvement strategies [5].

The strategy ofminimizing shipments (1) aims tocreating a system that answer to customer’s
demand which creates a strict integrated supplinshahich ensures that the quantity ordered is#mee
amount sent to the customers. If the customer ceteivel is ensured it is easier to reduce themaelof
returns.

An efficient packaging (2) method is a useful tool (as well as the packagelfjtshat helps
increasing the density of each transport and dsitrgdhe number of trips.

One way to accomplish the previous strategies iadopt and make sure that exists an efficient
transport programming (3) which can guarantee an efficient use of thistieg fleet as well as the
goods stored in the warehouses. Thus, it is vepoitant to consider, in the context of freight road
transport, the periods of low transit congestiorhmhways and facilities and increase the levedasfiice
associated to the time frame close to the custgnibts trying to generate greater efficiency and
decreasing environmental impact.

According to the same arguments, as beforeptbdal shift strategy (4) can be translated in the
use of (real-time) dynamic information systems thelps route planners to opt for intermodal meams a
services with less environmental impact. In gendmal long distances, the most appropriate trartspor
modes are rail and maritime transport, whereasstwet sea shipping (SSS) is the most suitable for
coastal regions.

Periodically companies should implement evaluaioscedures of their suppliers because there are
some important factors (e.g. logistics costs) dnat particularly related to environmental and eperg
issuesChanging suppliers (5) is sometimes the best way to maintain a gomtesy. For example one
supplier can offer a lower cost when compared tottear suppliers. However some restrictions appear
such high level of inventory in transit, failure comply with time windows, freight insecurity orghier
transportation costs.

2.2 Theparticular importance of modal shift strategy

Generally speaking, it is obviously important todide to determine, in each situation (e.g. a given
cargo service), which is the best mode of transfadihg in account distance, cargo type, the cland
the expected environmental impact. The UE, in paldr, recognizes that a low environmental impact i
directly related to the sustainable mobility, whi@fh turn, has been at the heart of its transpolicy.
And, indeed, most UE programs has been translatedseveral funded projects that aim to (more ss)le
drastically produce a modal shift from road to iimedal transport integrating, as the main leg of
journeys, less pollutant means such as rail andtimar Some examples of such programmes and
projects are: Marco Polo (I and Il) programme, eidnt (http://www.efreightproject.eu/), etc.

The quantity of greenhouse gas emissions divergerdinig to type of fuel used by each vehicle due
their energy efficiency. There is some indicatdrat thelps calculating the greenhouse gas emisfpns



The CO2 emissions are computed by multiplying faehsumption by fuel emission factor, or,
alternatively, by multiplying the total tonnes-krhtbe company by the correspondent emission factor.

Table 1 shows the emission factors of the diffetemtsport modes. Biofuels are approximately
38% less pollutant than traditional fuels in terofikg-CO2 per litre, so, whenever possible, transpe
should use them in order to contribute for a gredogistics. Although this the vehicle brands does
disclaim under warranty any problems that occuoufjh the use of such fuels. The air transportés th
most pollutant but the quantity of freight trangpisrresidual so it will not take part of the prasstudy.
Therefore the road freight transport appears aséieend most pollutant transport mode and the most
used to freight transport [7].

Table 1. Emission factor by transport type (adapted frofh [7

Transport mode gCOyJ/tonne-km Notes
Airfreight 602

Road transport 62
Road/rail 26 Intermodal

Rail transport 22

Road/short sea 21 Intermodal
Short sea 16
Deep-sea 8

container

Deep-sea tanker 5

Another overall green KPI is the ecological footpriThis is a concept that emerged in 1996,
developed by Rees and Wackernagel, which intendsettsure the amount of natural resources needed to
sustain environmentally our lifestyle. It is aniestte of the impact of our actions on the plandeims
of resource use and waste treatment that we, isd¢hse that we can better protect the planet tardu
generations [8].

2.3 Analytical green models

There are several models [1,9,10-12] developed twhise some algorithms that translate the
importance of green practices into logistics preess The general purpose of these models is to
forecasting the environmental impact of alternatidegisions and to developing of green processds tha
minimize such impact and reduce the final cost®dpction, transportation, waste treatment among
others). This is seen as advantages to the congpadBig there also some handicaps like the cost to
acceptable infrastructures, lack of green laws pmdishment to infringers, human resources without
specific formation without guidance to “Green” adtes.

Table 2 presents a synthesis of some recent aadargl analytical models for green logistics. In
general, these models allow companies to understheil environmental impact by using green
information system (powered with green informati@nd the cooperation between all supply chain
actors.

The main drawback of the presented models is thageneral, they do not allow companies to
quantify, in real time, some indicators like coshe environmental impact of their activity and idems
and other relevant indicators (e.g. the drivensing impact on daily operations).

Table 2. Example of analytical models for green logistics.

Author and Article Title Model description
(lakovou, Vlachos, Studies the relationship between the
Chatzipanagioti, & Mallidis, 2011) | environmental impact costs and the transport
A comprehensive optimization | costs to customers throughout the manufactufing
framework for sustainable supply units.
chains networks
(Goel, 2010)
Thevalue of in-transit visibility
for supply chainswith multiple
modes of transport
(Feng, et al., 2008) Optimizes the location of ribsition

Relates intermodality with some green
indicators such as carbon missions, energy use,
costs and damages




Distribution center locations for

centers considering transportation costs

and

Theimpact of greening on
supply chain design and cost: a case
for a developing region

d

(shared or dedicated)

green supply chain emissions from transport and productipn
processes
(Mallidis, Dekker, & Viachos, Total costs optimization  (including
2012) - ; .
emissions costs) by selecting entry points,

istribution centers and transport modes used

(Wang, et al., 2011)
A multi-objective optimization
for green supply chain network
design

tr
a

equipment

Supply chain optimization considerin
ansport, handling cargo to and from warehou
nd future investments in green technologies

g
ses

and

(W. Green Jr, J. Zelbst, Meacham,
& S. Bhadauria, 2012)
Green supply chain
management practices: impact on
perfor mance

such as green information systems, level
collaboration with customers, green purchas
and investment recovery with effects on f{
environmental performance

nts

of
ing
he

Hypothesis testing of several compone

2.4

The European Union [13] has been comm
and the rest of the world as we can observe

UE legidation

itted forrsdyears to tackling climate change in Europe
fraanstatements of European climate change policies.
These statements set several objectives such asuigong less-polluting energy more efficiently,

creating cleaner and more balanced transport aoptionaking companies more environmentally
responsible without compromising their competitiess, ensuring environmentally friendly land-use

planning and agriculture and creating conditionsdtive to research and innovation.”

There are several UE policies (own policies anérimdtional adopted policies) that influence all

economic sectors but with greatest incidence id fogight transport sector as we will see belowétble

3.

Table 3. Tackling climate change in Europe (source: [13]).

EU Climate change policy (and aims)

Programmes

1. European Climate Change Programme Strategy on climate change: foundations on the
(ECCP) strategy.
Actions to prevent temperatures from Strategy on climate change for 2020 and beyond.
increasing to more than 2°C above pre-
industrial levels.

2. Reducing in greenhouse gas emissions as Reducing greenhouse gases by 2020.
priority objective Greenhouse gas: reducing emissions by 20% or

. o L more by 2020.
Using a monitoring mechamsm in place to Mechanism for monitoring greenhouse gas
keep regular track of emissions and the emissions.
absorption of these gases. Greenhouse gas emission allowance trading
Greenhouse gas emissions trading scheme.Scheme.
Reduction in fluorinated greenhouse gases.
3. Kyoto Protocol Kyoto protocol on climate change.
4. Lesspolluting, more efficient energy An energy policy for Europe.
. . . Community framework for the taxation of energy

Genuine common energy policy. This cProducts and electricity.
measures focuses' the energy market more on Sustainable power generation from fossil fuels
sustainability, particularly by mean of tax Demonstration of the capture and storage 0f.CO
measures.

5. Clean better-balanced transport Freight transport logistics in Europe.
Better management of freight transport ang
harnessing technology.

6. Reconciling road and air transport with Taxation of heavy good vehicles: Eurovignette

the environment

A wide range of measures to reduce the

Directive.
Aviation and climate change.
Framework for creation of the Single Europeari

impact of road and air transport.




Sky (SES).

7. Promoting transport by rail and White Paper: A strategy for revitalizing the
waterways and inter modality Community’s railways.
. Promoting of inland waterway transport
To improve the balance between transport “NAIADES"

modes and to promote less polluting meansg

Programme for the promotion of short sea
of transport.

shipping (SSS).
Strategy to reduce atmospheric emissions from
seagoing ships.
The Marco Polo Il programme.

In general, these EU policies are translated intarenmental legislation in the area that transport
carriers must meet at pre-established dates onwards

3 Portuguese freight companies: current situation and per spectives

3.1 Official statistics

According with the study “Logistic Situation on Ragal” called by “Associacdo Portuguesa de
Logistica” [14] in relation to the years betweerB1%nd 2008 with forecasts to 2013 in Europe the
transportation costs represents the largest pemgenin logistics costs (in % of sales). After an
accentuated decline between 1987 and 1998 (froft 5092.8%) this value can register once again an
increase in 2013 to 3.8%.

The forthcoming analysis are taken from StatisBestugal which is the official organization of
statistical analysis [15].

In Portugal the road transport is the most usedenwddransport. In 2011 were used 58288 vehicles
to the transport of goods to travel a total of 28,492 thousand of km and to carry 219,808 thousénd
tons. Fuel consumption in road transport decred&s6@o in terms of tonnes of oil equivalent (toe)
reaching 6,193,453 toe. There were also registdeeteases in consumption of gasoline (-9%), LPG (-
8.9%) and diesel (-5.8%). In other way biodiesel natural gas increased 3.3% [15].

The diesel is the most used fuel in road transpiht 4,654,280 toe in 2010 and a decrease in 2011
to 4,384,332 toe (5.79%). The next one is gasaliitie 1,450,134 toe in 2010 and a decrease of 9.@6%
a value of 1,318,959 toe.

It results on a tremendous pollutants emissionshieyroad transport sector. So it is important to
adjust new measures to decrease the environmenttmp

According with the INE [15] it is possible to conde that the number of light freight vehicles are
the main type of transport. There were a decreb$el8% between 2010 and 2011. The heavy trucks are
the second largest type of transport used to fterghsport with 65,236 units in 2010 and 61,48R2sun
2011 (-6.10%).

The road freight transport distance in Portugaldslining for at least the last four years. In 2009
the value situated near the 2,315 million km to48,illion km in 2011. In the opposite directidhe
international transport distance is increasingesi2@09 to values in 2011 near 1,360 million km.sTiki
due to the increase of SSS and the increase oftiogiperformance, such us of the vehicle routing
planning, fleet management, usage of integratamnmition systems and so one.

It is possible to understand the importance of gigiiesel engines because. There is at least
1,301,633 light freight vehicles using diesel amilyal6,309 with gasoline engine and 754 with GPL.
Concerning the heavy trucks there are about 61lyébitles equipped with diesel engines and onlyt wi
gasoline engine and 4 with GPL. This can be edmlysupported with Portuguese difference of sales
value cost of each type of fuel and taxes polieyhicle acquisition.

There is a lack of official information about roupdanning in Portugal, so it is impossible to
understand without specific studies to understand tcompanies select their routes.

3.2 Inferred statistics from interviews

For this study it was decided to carry out a sedevhi-structured interviews. These interviews were
conducted with four companies representing apprateiy 80% of turnover in the sector. So this subset
of a statistical population accurately reflects #mire sector. The main aspects approached dtimg



interviews are related with environmental aspacstes planning, drivers training (about environtaén
concerns and security) and vehicles properties.gamies are identified by A to D.

The road transport sector represents a huge rabpityson society’s life quality and their
development because it takes easy to move peoplefraight always considering a sustainable
development.

Portugal is no exception in the European commuanity the geographic location contributes to the
dependence of road transport in the commercialséretions. Therefore it is important that the road
transport sector to be efficient, effective, susthie and flexible.

After analysing the Portuguese reality it's impattéo evaluate with detail the actuality near road
shippers and what actions they take to ensure etienaability but also important the environmental
sustainability. The developed model tries to cotler most important aspects enterprises need to be
aware.

To emphasize the company’s importance it is imprta regard the number of vehicles they have
as we can see in Table 4.

Table 4. Quantity of vehicles by company

Company Number of vehicles
A 156
B 278
C 178
D 1150

Each one works with the same number of subcontretticles and all companies are certified with
certified with ISO standards particularly NP 1SC09005, NP ISO 9001, NP EN ISO 14001, OHSAS
18001/NP 4397 and HACCP.

To the interviewees is important that companiesinternal information systems to get a network
with the different clients and access to a lotraportant information that can be handled to measure
important environmental and economic indicatord. cdmpanies use internal 1.S. to easily support the
management of all vehicles, control the empty koadl factor, average fuel consumer and €/ton-km.
Concerning the empty km travelled the companie lipod results as we can see in Table 5.

Table 5. Empty km travelled in road freight transport.

Company Empty km Notes
A 50% Every vehicles with tanks|
trip
B 5%
C 10%
D NA

Following the importance to reduce the empty knvelad the companies responsible have the
opinion that is important a collaborative platfotm guarantee access to significant information like
supply of transport services (helps to decreassngdty km) and a real time KPI evaluation. Concegnin
the same idea load factor and cargo consolidatienimportant aspects indicated but none of the
company determine €/ton-km (only company B demaiestinterest to measure this KPI).

Intermodality can be an important alternative tduee transport costs, emissions and empty km and
the data collected within the interviews are in [Eeh

Table 6. Intermodality.

Company Number of vehicles (y| Total %
A No
B Yes 1% - SSS
C No
D Yes Less than 20% - Railwa

The responsible for company C believes that SS&{(skea shipping) partnerships affects the road
freight sector and business itself.

The vehicles characteristics are important to teelection and route planning. As we know some
countries impose harsh restrictions and penaltiegehicles with a high rate of pollutants emissions



Older vehicles generate (much) higher CO2 emissibm3able 7 is presented vehicles average age in
companies.

Table7. Vehicles average age.

Company Number of vehicles (y|
A 55
B 4,3
C 4
D 3-5

This parameter is related with the Standard Emissiand CO2 emissions so it is relevant to
approach this points. The information collectethia interviewers is demonstrate in Table 8.

Table 8. Vehicles Standard Emissions.

Company A Company B Company C Company |D

Standard . . . .

o Vehicles % Vehicles % Vehicles % Vehicles %
Emissions
EURO 1 NA NA 0 0 0 0 NA NA
EURO 2 NA NA 0 0 0 0 NA NA
EURO 3 NA NA 64 36 50 25 NA NA
EURO 4 NA NA 94 52,8 50 25 NA NA
EURO 5 100 100 20 11,2 100 50 NA NA
TOTAL 100 100 178 100 200 100 NA NA

All companies calculate CO2 Emissions accordinghlite emission factor provided by vehicles
manufacturers and fuel consumption.

The recycle costs is other important way to undexstthe company environmental impact. All
companies prove this importance in their decisidie waste resulting from maintenance operations on
Company A are forwarded to operators properly djedli The vehicles tires will be always retreated
until it's possible to practice. At this time thiges are taken by contracted providers from company
installations. The tires maintenance service hapmirectly at company premises. On company B the
vehicles maintenance is performed by vehicles seigpinto company’s facilities. The waste generated
by maintenance activities is carried by the brands facilities. Thereafter this garbage is cakecby a
certified “ECO company”, that delivers a proof thla¢ material was treated according with the exgsti
standards. Oils and scrap go through a similargg®but these are lifted in a regular way. Thes te
totally controlled by an external enterprise witleavenant on km. All waste generated by Company C
are placed on a segregation machine (includingréiltbrake shoes, absorbents and even waste from
employees). The tires selection is done accordiit @haracteristics that allows the maximum noise
reduce and disc brake shoes not constituted whiksags. Company D performs vehicles maintenance
strictly according with the vehicle original plah maintenance. There wasn’t possible to identifywho
company manage their vehicles and activities wastes

Other important aspect discussed during intervieas drivers selection and training. Regarding the
drivers training all companies have specific forioiareas and hours (Table 9).

Table 9. Drivers training criteria.

Company Criteria
A NA
B Variable per driver depending due
to the need (individual evaluation
C 3000h/year (total drivers)
D <10 h per driver

There is generally acuity towards drivers trainisg that can adopt a correct driving and a
preventive vehicles maintenance.



4 Proposed conceptual model

After analyzing the previews models it was decideddevelop a model (Fig. 1) that allows
companies to understand the real impact of theiviag which can be changed or improved, takingpin
consideration ratios or KPI. So this is an advastaig tool to company’s because it allows the easy
access to some target indicators in a simple urtigole In a simple way an evaluation can be coretbct
to the different departments and responsible ireotd join the necessary efforts to make theirvigti
more competitive and more environmental respectful.

The model deals with five critical levels 1) Intagon of different information systems (on web) 2)
Integration of different information systems (inted) 3) Vehicles selection 4) Drivers selection &hd
Routes planning.

The model is structured to assess the level of dtmment with national and international regulations
and connects two major groups: 1) road shippers2araistomers/sector companies. Road shippers are
all companies that receive requests for freightgpart and customers/sector companies the enttitats
receive the good transported and all transportedpemies that haven’t responsiveness or capacity to
cargo consolidation and requests partnerships.

The model expects a cooperation between this graughstheir information systems that support
decisions based on a common database resultingiim-ain partnership so that costs can be reduced a
gains shared, develops partnerships in exceptitretisns, fulfilment the time of customers’ regt®eto
thereby keeping high service level near customers.

Therefore we propose the inclusion of the concémgjreen logistics, thus road freight transporters
load the vehicles in destination countries so #tarn trip towards Portugal happens with vehicléh w
high load occupancy. Thus the supply chain ensur®i@ greener activity with a high efficiency since
the cost per ton transported is less accordingjtiatity transported increases [2,3,16). Below vile w
present the five critical levels.

. SECTOR LEGISLATION (NATIONAL / INTERNATIONAL), -
- GOVERNMENT INCENTIVES (E.U. / PORTUGAL) -

DATABASE FOR INFORMATION INTEGRATION / SOFTWARE TO DIFFERENT ERP INTEGRATION / HARDWARE WITH PROCESSING CAPACITY / WEB PLATFORM

I

INFORMATION SYSTEM
L’{ ROAD SHIPPERS “ - CUSTOMERS/SECTOR

COMPANIES
(" winwi
\_ parThERsHipS
1. TRANSPORT REQUESTS
1.1, FREIGHT TYPE
1,51, INTEGRATION ‘wm) mvuv DATA DTS
3. AVAILABLE DRIVERS

«  UNIQUE DATABASE —
* xel £ RELIABILITY| kP
i J TRANSPORT TIVEE
Z S.). INTEGRATION (INTRANET) b—b FREIGHT e TIME PRECISION DELIVERY
\—: vAoncuvAdo o
T T T
1 AVERAGE AGE P (" FreGHT \ o
2EMISSION STANDARD Co,EMSSION CONDITIONS
'_, % OF INCIDENTS WITH
3. VEHICLE SELECTION o | e R CoNSe J or e
BRAKES, TIRES) % EMPT
RECICLE COSTS
*  GPS(LOCAIZATION) ACCIDENTS RATE \/

o AVAILABLE HOURS
«  TOTALDRIVING HOURS|

'VEHICLES AVERAGE AGE

VRP SOFTWAR ~—
ReT
1, FULFILLVENT REST 5 ACCIDENTS
4, DRIVERS SELECTION HOURS LEGISLATION 5 REST HOURS
2.701AL RELIABILITY SERVICE

&

«  FREIGHT REQUIRED 1, DRIVERS TRAINING IMPACT COSTS

+  DESTINATION HUMAN COSTS
COUNTRY 'VEHICLE MAINTENANCE COSTS

o TIMEFRAME

o LASTTIME ORDERS TRAINING HOURS IN GREEN PRACTICES

o EXISTENCE OF RISK. AVERAGE FUEL CONSUMER
CONDITIONS -

[
OCCUPANCY RATE
1.CUENT ORIGIN COUNTRY SHIFT IN TIME TRAVEL
5. ROUTE PLANNING 2. FREIGHT PACKAGING AVERAGE DELAY (H) PER TON
3. RISK CONDITIONS L
MANAGEMENT

(CONGESTION, ACCIDENT,
SNOW, STRIKES)
4, INTERMODALITY

Figure 1. Green model developed.



5 Discussion

It is important to create and use a common databased on a web resource that allows the
integration of the different information systemsrfr road shippers and customers/sector compani¢s. Th
allows an important strategic position that bussnpartners must have to create win-win partnerships
[17] to split costs and share profits. This levehde adopted by each company if they understaatd th
this strategy can reveal an important strategidtiposin the market.

The road shippers insert important information eespto vehicles and drivers availability and
possible routes. On the other hand, customersfsecimpanies enter information about their cargo
transport necessity (visualized by road shippets @osteriorly approached) or they see the avaitgbil
from road shippers and decide the different altéres.

The information systems are vital in all companeas] the road shippers are not an exception. IS
supports their all operational activities, decisioaking and strategies developing.

The performance evaluation should occur throughatiedyzing of performance indicators in order
to facilitate decision-making, simplifying the maeenent of Human Resources and vehicles fleet
(location, cargo, average speed, locals and timhesadting and stopping routes, among others). [Ehe
are important in order to receive customers’ retpues an easy mode [18].

There are some green KPI that can be calculatetias below.

% empty km travelled = (empty km travelled)/(tdtat travelled)x100 (1)
Average fuel consumer = (Total fuel consumer)idéad consumer) (2)
Load factor = (capacity occupied)/(total capacity)O 3)

The vehicle allocation to a specific route is subj@ several decision variables so it's extremely
important to make a careful analysis to IS datam&dactors involved the final freight destination
(careful vehicle selection due Standard emissi@egiéike EURO 4 or EURO 5 as we can see in equation
8) or freight type. There are some aspects thaildhme taken into account in order to minimize ¢éds
environmental impact as shown next.

Average vehicle age 3 fehicles age)/(Total vehicles) x100 (4)
Accidents rate=(accidents number)/(Total tripg)0& (5)
g/tonne.km =fuel emision factor x(energy consuriegd factor) (6)

The drivers are one of the main pillars to acqurgreen supply chain because they are the
responsible in several decision-making. Therefbggdrttraining is very important in several aspdibts
road and freight safety, speed adaption, cargonacmmation and performs preventive maintenance.
There are some performance indicators that canske to measure the impact of drivers and their
training to ensure green practices in the suppéjrclisted below.

Fulfillment rest hours =}(rest hours)/(Total rest hours) x100 ©)
Consumer reduction rate =( inicial consumer (Ipfisumer after training (I)) x100 (8)

Accidents reduction rate = (Total accidents befaaming)/(Total accidents after training) x100

)

The routes planning are subject to several dedsigich are reflected in a green supply chain.
Firstly it is important to take into account theiffht destination and the vehicle selection (Stethda
emission) as described in equation 8. Secondrtpgrative to obtain a high rate of load factoru@ipn
5). It is also important a correct risk conditiom&nagement to avoid the vehicles travels occur on
congested roads, road with traffic bottlenecks aemdents, roads constructions and strikes. Ustiailty
conditions can result in a high fuel consumer af#lity decrease, road safety decrease and higticatt
vehicle [19].

shift time = (time travel (h))/(standard time teh¢h)) (20)
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The customers are an important element in suppyncaind their decisions and behaviors can also
help to ensure a green supply chain. So it's atgmortant that the two major groups use |.S. togirgee
their efforts [17].

The reliability of the road freight transport cae &n important performance indicator as indicated
on equation 12. Also it is possible to use othet $iRh as:

Service level = (n° services satisfied)/(Totalvgays) x100 (12)

Freight conditions = (Number incidents)/(Total &ihipped) x100 (12)

6 Conclusions and suggestions for further work

The issues related to the environment are on thadeg Meanwhile, the road will face a number of
setbacks in the coming years. Not only will thetooser ask the supplier to measure the carbon fbtpr
of its business, but also will the European Un&sue a considerable amount of environmental ldmsla
in the area that the carrier must meet.

This work addresses concepts such as green lagatit environmental footprint and applies them
to the design of a conceptual model to aid SME rtvadsport companies to undertake their green
logistics. The changing of attitudes, the awaremésnvironmental issues and the implementatioa of
set of steps encourages companies to be able wdpran innovative green service to their customers
This service also involves the execution of patthefusual routes by sea, using the existent maiys\wof
the sea and helping to reduce the environmentapffimbd of the supply chain, of the truck comparny, t
reduce costs and delivery times to the customaus;Tthe carrier meets the rules, improves his sena
his customer and manages the problem of exters#$,cohich is always beneficial to his business.

The result of applying a strategy for green logstio a road transport operator is a cost reduction
and a shorter delivery time, which are positivéimately, to the customer. The society itself algas
because of the decrease of the environmental fobtprthe carrier.

The road transporter has much to gain in the imptgation of a green logistics service. Besides
being the only possible path to follow, it is thght thing to do, it is more efficient, more comipieé and
allows society to walk on the path of environmestatainability in the benefit of all.

When analyzing the reality of companies in Portugshg the interviews and survey data, it can be
concluded that companies generally meet with pedicand environmental issues in general. As an
example may be mentioned the concern about thefusehicles whose emissions standards are the most
technologically advanced like EURO 5 standard. buld also be expected that the Portuguese
government and E.U. create incentives to slaugiicles in end cycle of live with high pollution
emissions rate or lower standard emissions thudingato a sustainable and cleaner/greener logistics
activities.

Thus, it is explicit that for Portuguese firms dmportant the environmental concerns which
demonstrates the constant preoccupation with tleeofivehicles with higher standard emissions (like
EURO 4, EURO 5 and in the future EURO 6) for lowetlutants emission, with driver training so that
they adopt sustainable decisions along the pattigtesir mode of driving as well as the importanfe o
intermodality to reduce logistic costs and impramironmental performance throughout the supply
chain (including production processes and / oralebimaintenance).

Although a deep reflection is still lacking, stualyd development it is important to the creatiom of
common platform in order to meet clients needs dgimg the logistics and supply chain premise.
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