
ABSTRACT
Low-emission planning in freight transportation is 

one of the main levers to reduce greenhouse gas emis-
sions. For a sustainable planning approach, a strategic 
solution for this planning problem is needed. Based on 
several literature reviews, a procedure model is devel-
oped, which is meant to be used for the development and 
adjustment of a low-emission transportation chain refer-
ence model. The procedure model consists of the decision 
steps needed to develop a low-emission transportation 
chain (LETC) reference model and it is structured into 
main decision processes and sub-decision processes. A 
first draft of the LETC-Model is presented in form of an 
ARIS-Express model.

KEYWORDS
low emission, freight transportation, procedure model,  
reference model.

1. INTRODUCTION
A broad consensus among scientists exists about 

the anthropogenic cause of climate change. Three 
documents containing ‘global warning to humanity’ 
were published by some prominent scientists in the 
years 2000 [1], 2017 [2] and 2020 [3]. These papers 
were signed by 28,064 scientists from around the 
world to press the urgency of reacting to the global 
climate change [1–3]. In the year 2015, the Paris 
(climate) agreement was signed by 196 countries 
committing themselves to limit the global warm-
ing to 1.5 degrees above the level of 1990 [4]. The 
Federal Environmental Agency in Germany states 
that the measures will not be sufficient to reach 
the emission goals, this also applies to many other 
countries [5]. 

This is a big problem considering that most 
companies will not do more to limit their emis-
sion then they are required to by the government. A 
good example of this is the research on Sustainable 
Reporting by Stubbs et al. [6]. They state that no  

sustainable reporting is made due to factors such 
as the lack of external stakeholder pressure or the 
mindset that sustainable reporting is something 
“nice-to-do” and not a “must-do”; this statement is 
supported by Massaroni et al. [7]. Incidentally, the 
statement about the missing stakeholder pressure 
underlines that the current style of strategic deci-
sion-making in companies is not an emission-ori-
ented one. It is based on integrated management 
concepts and reference models. The interpretation 
of the relationship of companies to their environ-
ments in these models is decisive for their actions 
on a strategic, tactical, and operational level.

The following two examples are used to illustrate 
if and how the natural environment is included in 
the strategic planning processes of companies. One 
should start with the St. Gallen Management model 
of Rüegg-Stürm [8] which ‘has already influenced 
generations of managers’ [9]. In the model, the 
overall framework is set by society considerations 
and not by consideration of natural resources and 
limitations. Rüegg-Stürm [8] describes and advises 
a shift from Normativism—the consideration of all 
interests, norms and values in a society—to Relativ-
ism—the consideration of “requests and interests” 
and “norms and values” of stakeholders which are 
useful to improve companies’ market position. It 
means the emission-reduction will only be pursued 
if demanded by the “important” stakeholders.

Rieder and Lawson [9] have developed one of 
the most recent models called the AMPLE-Model. 
They depict the natural environment as the outer 
layer of their model, but natural environment con-
siderations are only made within three corporate 
concepts (performance-based, financial, and so-
cial). Rieder and Lawson [9] explain this by saying: 
‘There is no business concept related to the natural 
environment as a company can only react to envi-
ronmental aspects at the technological, financial or 
social level (…)’.
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[14] say that RMs do not have any specific scope. 

Hars [23] claims that an RM should be so specific 
that it could be used on its own; on the other hand, 
Fettke and Loos [16] and Thomas [17] state that an 
RM always needs to be adapted to the user needs 
before it can be used. Thus, a universal definition 
does not seem to exist of an RM. This article is ori-
ented to the basic approvals: a reference model is a 
conceptual approach; it has to serve as a blueprint 
for the development of more specific models; and it 
should be a process model. 

For the development of a reference model, dif-
ferent approaches can be used. In regard to the 
scientific development of a reference model, a sys-
tematic and conceptual approach in the form of a 
procedure model is developed. Chapter 2 describes 
the literature reviews on which the procedure model 
and the developed framework for the low-emission 
transportation chain reference model (LETC-RM) 
are built. In this context, the term “Green models” 
includes models that are declared to be green or sus-
tainable or are given an environmental or ecolog-
ical orientation by their developers. The results in 

A proactive approach is important to secure the 
long-term survival of companies. What is needed is 
a change of mindset and a proper handling of the 
natural environment. This could be achieved by 
changing the strategic models that the decisions are 
based on. Not only is transportation the only eco-
nomic sector in which emissions are expected to in-
crease [10], but with 60% until 2050 the increase is 
expected to be very high [11]. To really change the 
transportation planning process in a long-term set-
ting, a standardised planning is needed for the deci-
sion makers, especially considering that: ‘Usually 
decision-makers have little or no knowledge of the 
modes they do not regularly use, (…)’ [12].

Different definitions of reference models ex-
ist which also name different properties. In Table 1 
properties are listed. The abbreviation RM will be 
used for reference model.

Many properties are mentioned only once and 
some of the authors identify properties that contra-
dict each other. For example, Dold [13] describes 
RM's as a tool for a specific company/organisation 
or even a specific department while Becker et al. 

Table 1 – Literature analysis: Reference models: transportation, green, LSP (author-provided)

Properties Author

Process orientation of RM [13], [14], [15], [16], [17], [18], [19], [20], [21],

Conceptual approach [13], [16], [17], [19], [22]

Blueprint (basis for development of specific models) [14], [15], [16], [17], [19], [20], [21], [23], [24]

Claim to universality / generic solution [13], [19], [21], [22]

Leads to cost reduction [17], [19], [20], [21]

1. Literature research: reference
modelling basics

2. Literature research: specific
reference models

2. Literature research: user and
transportation

Book, paper, and report review

Book, paper, and report review

Development of the
procedure model,

problem-definition

Problem-definition,
Scope-definition,
RM-framework

Problem-definition,
Scope-definition

Book review

20

63

290

9

18

12

Figure 1 – Systematic literature reviews
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3. RESULTS AND DISCUSSION
In the main section of this article, the results 

are presented in the form of procedure model and 
LETC-RM-Framework. As the Framework is built 
on the procedure model, the discussion is also made 
in this section.

3.1 Decision steps in the procedure model
In the first literature review, the basics of refer-

ence modelling were researched. Several articles 
and books were identified as they proposed or used 
different methods and steps for the development of 
a reference model. Based on the work of [14, 15, 20, 
21, 24–26], a procedure model for the development 
of the LETC-RM was set up and it was mostly ori-
ented to the steps taken by Becker et al. [14] and by 
Tzouvaras and Hess [25]. In this article, procedure 
model is a literal translation of the German technical 
term “Vorgehensmodell”. As the term is not so com-
mon in English literature and can also be translated 
as “process model”, the literal meaning has been 
retained in the work to differentiate it from process 
and object models used here in different contexts. 
Schedlbauer [27] defines and distinguishes between 
three models:

 – Procedure models show target-oriented and sys-
tematic courses of action to reach a To-Be state 
from an As-Is state. 

 – Process models describe an expected reaction of 
a system to a certain event. 

 – Object models can be understood as virtual im-
age of reality.
Figure 2 depicts the main and the sub-processes of 

the deduced procedure model. The overall develop-
ment process is segmented into five steps. 

3.2 Main and sub-decision steps
The different sub-steps are defined gradually by 

filling the main steps with information from the lit-
erature analyses 1, 2, and 3 (Figure 1). In the follow-
ing, the steps 1.1–3.1 in the procedure model are 
defined and executed.

Problem definition
The phase of problem definition consists of sev-

eral steps that are used to specify the overall topic 
and theme of the model to be developed. The first 
sub-step of the domain definition is used to focus the 
reference model development on a certain area. This 
can include the specification of a certain structure, 

the form of procedure model and RM framework  
development are presented and discussed in chapter 
3. In chapter 4, the next concluding steps that need 
to be taken to finalise the LETC-RM are discussed.

2. METHODOLOGY
The procedure model created in this article is 

a method for the development of a low-emission 
transportation chain reference model (LETC-RM). 
The procedure model is developed and filled with 
context borrowed from several systematic literature 
reviews. Figure 1 shows the three chosen review pro-
cesses. For the three reviews, Science Direct, Sco-
pus, EBESCOhost, and Researchgate are used as 
research databases. Figure 1 also shows the research 
aim, the number of reviewed books, papers and re-
ports, and to what extent they are included in this 
article. Additionally, it shows the main area where 
the selected literature has been used. 

The first literature review focuses on basic liter-
ature concerned with the development of reference 
models in general and is used to define the main and 
sub-steps of the procedure model. Eight reviewed 
articles and books are chosen out of 20 to define the 
steps of the process “Scope Definition” (Figure 2). 
In the second literature review, existing reference 
models for the specific area of low-emission trans-
portation chains are used as the basis for orientation. 
The main searching phrases include: “Reference 
Model(s)”, AND (“Logistics Service Providers” 
OR ((“Emission calculation” OR “Emission reduc-
tion”) OR (“Protection of” nature OR environment) 
OR Sustainability) OR (“Transportation planning”) 
OR (Holistic AND (“Transportation Chains” OR 
“Supply Chains”))). Overall, 63 books, papers, and 
reports are reviewed. Based on the restrictions that 
are set, only nine models are chosen as the basis 
for the state-of-the-art step (2.1) in Figure 2. They 
are analysed in Table 2. Some additional articles are 
included for further information on the identified 
categories. Additionally, a third review is made to 
fill the further steps in Figure 2 with the much-need-
ed information about low-emission transportation 
planning. For the literature search, several phrases 
are used in various combinations such as ("Logis-
tics Service Provider” OR “Freight Forwarder” OR 
“3PL”) AND (“Reference Model” OR “Transport 
Chain” OR “Transport Process” OR (Modality 
AND “freight transport”)). More than 730 books, 
papers, and reports were found, 290 were reviewed, 
but only nine were chosen for this article.
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the LSPs normally decide on the modes’. LSPs pro-
vide logistic services for customers, which can in-
clude all of their logistic functions [32]. They are 
often put on a level with 3PLs (Third Party Logis-
tics) [33]. Therefore LSP/3PLs are defined as target 
users.

The main properties which should be integrated 
into the To-Be developed model to reach the over-
all aim need to be identified. The name has already 
been set as LETC-RM. Furthermore, properties 
identified by Lößer and Sackmann [28] are included 
in the model. In order to reach the aim of low-emis-
sion, low-emission planning must be given top pri-
ority, which calls for the development of key per-
formance indicators (KPIs) for emission. It should 
be a standardised tool with respect to the emission 
unit and emission calculation methods, which can 
be used cooperatively. A certain flexibility is needed 
in it due to the complexity of the planning area and 
possible changes in emission policies.

Scope definition
Scope definition is a specification procedure of 

attributes for the model. It is distinguished from the 
domain definition (step 1.1) by the difference in the 
abstraction level. The scope definition is also ori-
ented to the requirement analysis phase in Matook 

behaviour, or function in a company, such as supply, 
production, or distribution [15], the distinction of a 
target market [16, 20], or concentration on a specific 
problem in an area [23]. The focus of the To-Be de-
veloped LETC-RM is defined by the identification 
of and concentration on the specific problem in the 
area of multi-modal freight transportation in combi-
nation with emission reduction efforts.

A reference model needs an overall aim to func-
tion as blueprint [16]. This aim is also the top-level 
target of the subsequent specified processes. The 
need for a low-emission transportation planning 
reference model was accounted for in Lößer and 
Sackmann and Lößer [28, 29] by the identifica-
tion of required model properties for low-emission 
transportation planning and the discovery, of what 
strategic and standardised models for low-emission 
transportation chain planning were missing.

A very important step is the determination of a 
target user for the model. A vast number of actors are 
included in multi-mode transportation chains [30] 
but a specific form of agent plays a vital role. Trans-
portation and other logistic services in multi-modal 
transportation chains are often outsourced to logis-
tic service providers (LSPs). Lun et al. [31] state: 
‘Generally, shippers are seldom interested in which 
transport mode is used (e.g. road or/and rail), and 

Procedure model

1. Problem definition

2. Scope definition

3. RM development

4. RM evaluation

4. RM optimization

1.1. Domain 1.2. Aim 1.3. User 1.4. Properties

2.1. State-of-the-art

3.1. RM framework

4.1. Case study 4.2. Performance analysis 4.3. Optimization potential

3.3. Actor(s) 3.4. KPIs

2.2. Model-basics 2.3. Main-processes
(Level 1)

3.2. Activities
(Level 3)

2.4. Sub-processes
(Level 2)

Figure 2 – Procedure model for the LETC-Reference model
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in the food industry. In the case study, for each of 
the scenarios, SCOR model metrics are ascertained 
and additional metrics are added such as CO2 emis-
sion, energy use, or waste. A “To-Be” scenario is 
developed for which cost, lead-time, delivery, and 
CO2 emission impacts are calculated by using the 
“sustainable supply chain evaluation model”. The 
reference model developed by Wittstruck and Teu-
teberg [37] is based on a comprehensive literature 
review on Sustainable Supply Chain Management 
(SSCM). The overall reference model consists of 
smaller model components as well as their depen-
dencies. A further “green” reference model was de-
veloped as an objective of the “ECO-Integral” proj-
ect, as described by Dold [13] and Fettke and Loos 
[16]. It is a cross-industry model for environmental 
accounting. It consists of one database and instru-
ments of environmental management which use the 
given database.

The following three models in Table 2 (columns 
6–8) are developed or adjusted to be used by some 
sort of LSP. First is the “IRM model” developed 
by Gerosa and Taisch [19] as part of a EU-funded 
project, InCoCo-S. It is a model built for collabo-
ration between service providers and manufactures 
[19, 38, 39]. Lepori et al. [40] did not develop any 
new reference model, they made use of a case study 
for the SCOR model focused on the warehouse of 
a 3PL. The paper shows the challenges of imple-
menting a blueprint reference model in a practical 
scenario. Fürstenberg and Tentrop [18] presented 
the findings of the research project SOA4LOG in 
their final report. The aim was to develop a generic 
reference model for international logistic networks 
in the transportation and service areas. The model 
is based on four existing reference models and also 
includes the SCOR model. As actors and users of 
the model different LSPs are named in it.

The last two models in Table 2 do not fully fit the 
three search categories, but provide a helpful insight 
for the RM developement. In the paper of Becker 
et al. [41], the authors develop a RFID-Reference 
model focusing on the RFID delivery processes of a 
manufacturer. A process overview includes the pro-
cesses from the viewpoint of an LSP or other ser-
vice providers. Another model focusing on internal 
processes is the German reference model for han-
dling and picking developed by Scholz [42] as part 
of the Fraunhofer IML. While it is not specifically 

and Indulska [20]. As a basis for the scope defini-
tion, existing RMs are used for orientation. Thus, an 
extensive literature review was made (Review 2 in 
Figure 1) to determine the state-of-the-art step (2.1) 
and at the same time identify the modelling decisions 
required to be made. The models included in this lit-
erature review are searched in accordance with the 
perimeters set in the problem definition phase. The 
models are categorised by using a combination of 
the reference model catalogue of Fettke and Loos 
[24] and the model overview of Rixe and Augustin 
[34] as orientation for Table 2. The LETC-Reference 
Model is also included in the table to show the cat-
egorisation based on the obtained models and the 
differences. 

The models are analysed for three basic require-
ments based on the problem definition phase. These 
requirements dictate that a model needs to be:

 – an emission-oriented model,
 – focused on transportation planning, and
 – a logistics service provider as the intended user.

The first three categories in Table 2 are used to 
present the model as state of the art. The name of the 
model already gives a hint if it is a green model; and 
the domain specifies if the model is used in a trans-
portation or logistical context. The third category, 
the intended user, shows if the model is meant to be 
used by an LSP.

Four models which can be summarised under the 
generic term of "green models" have been found; 
they are listed in columns 2–5 in Table 2. Most of 
them are based on the Supply Chain Reference 
(SCOR) Model. The SCOR Model is a standardised 
cross-industry planning model for supply chain ac-
tivities, which was developed by the Supply Chain 
Council in 1996 and has been updated since [35]. 
The model looks at planning decisions based on 
processes connected to the manufacturing of prod-
ucts by defining them on different process levels. 
The overall strategic goals are defined as perfor-
mance metrics on the top level. 

The highly complex model includes a spe-
cial application for sustainability which is part of 
Table 2 and is called “Sustainable SCOR”. The glob-
al standards for sustainability reporting (GRI Stan-
dards) are used as a basis. The Sustainable SCOR 
is a framework for environmental accounting in the 
supply chain, based on a set of environmental met-
rics that can be added to the standard SCOR mod-
el. In Ala-Harja and Helo [36], the SCOR Model is 
used to test three scenarios for emission reduction 
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tion; and they need to be translated into a specific 
model and into a fitting modelling language for the 
tool of the user. The model thus developed is to be 
tested in a case study and, therefore, more than a 
textual and graphical representation is needed. The 
SOA4LOG – RM is based on the RM for handling 
and picking. Both use a language developed by the 
German Fraunhofer Institute. It is named IUM and 
is an object-oriented modelling approach, not an 
event-oriented one. The development of a process 
model triggered by events in a business decision 
context means a focus on BPML (business process 
modelling languages). Only once was a BPML used 
in the literature review and it was for the Eco-Inte-
gral model which was formulated as “Event-Driven 
Process Chain” (EPC) model [13]. Fettke and Loos 
[16] made an extensive literature review on refer-
ence models and concluded that ‘for the business 
process view of reference models, EPC’s are used 
in many cases’. Business process modelling with 
EPC has often been replaced by the business pro-
cess modelling notation (BPMN) which is a stan-
dard for business process modelling [45]. But no 
reference model built with BPMN could be found, 
which could be explained with the statement of All-
weyer [45] that ‘BPMN is not useful for the devel-
opment of a meta-model, rather for the use of one’. 
The extended event-driven process chain (eEPC) is 
a further development of the EPC [16]. The eEPC 
is argued to be ‘used as a starting point for the de-
velopment of information systems and for the defi-
nition of workflows’ by Tsironis et al. [46]. Overall, 
the EPC or eEPC seem to be fitting languages for 
the chosen problem as Behdani et al. [47] state: ‘At 
its most basic level, the passage of a consignment 
through an intermodal freight system is equivalent 
to a sequence of logistical events. Each event takes 
the goods from one logistical state to another by 
performing a logistical activity.’

The next step is the determination of the model-
ling strategy. Two different strategies for reference 
models are distinguished by Fettke [48]. The deduc-
tive strategy is a top-down approach; generic theo-
ries and principles are the starting point for the de-
velopment of a reference model, which is specified 
during the development step. The inductive strategy 
is a bottom-up approach; a specific enterprise mod-
el as reference model is developed and in the de-
velopment procedure the model gets more abstract. 
For the LETC-RM, the deductive strategy is chosen 

meant for transport or LSP, the reflections and pro-
cesses included in it are rated as useful insights for 
the LETC model. 

The literature analysis shows that there is no ref-
erence model so far that meets all the mentioned re-
quirements such as emission orientation, transporta-
tion planning, and the presence of a logistic service 
provider as user. But some important insights can 
be drawn from the analysis. Most of the reviewed 
research studies either implement or extend their 
reference model to the SCOR Model or base the for-
mer on the latter. There are limitations to the use of 
the SCOR model in the explicit framework of this 
work. The sustainable SCOR-Model provides the 
possiblity of emission accounting, it is not meant 
for low-emission planning approaches. Also, there 
are no top-level emission KPIs.

Fürstenberg and Tentrop [18] state that the fo-
cus of the SCOR Model is on processes connected 
with physical production, which differs from the 
processes required for transportation service plan-
ning. Lepori et al. [40] show that not all processes in 
SCOR are needed to solve any problem and, at the 
same time, not all processes needed are included. 
All models described offer different kinds and ex-
tents of beneficial insights into the reference model 
developing procedure.

Also, further steps that need to be included in 
the scope definition phase are identified. As stated 
before, the identified RMs in Table 2 are also used to 
make basic modelling decisions. Thus, the yet-to-be 
discussed categories in Table 2 are focused on. They 
present the next steps that are needed to be taken 
in the scope definition phase and include the type 
of model, modelling language, modelling strategy, 
modelling method, and modelling tool.

For the development, a procedure model is built 
but the reference model itself is developed as a pro-
cess model. The justification for the choice is found 
by looking into the services of LSP’s or 3PLs. The 
planning of low-emission transportation chains is 
a complex task because of various interactions of 
transportation, transhipment and warehousing pro-
cesses, and activities which are generally triggered 
by an event. As seen in the definitions of the differ-
ent kinds of models, this is modelled on processes 
[43, 44].

The next paragraph is concerned with the model-
ling languages which are used to represent reference 
models. The SCOR and SCOR-based models use 
exclusively a graphical and textual model formula-
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nition, search, choice, and post-choice evaluation 
stage. Each of these stages is divided into sub-pro-
cesses. The most recent book containing a “mode 
choice model” was published in 2019 by Reis and 
Macario [30]. The model itself was developed by 
D’este and Schneider [51] who called it a ‘transpor-
tation carrier selection process’. The steps are meant 
to reduce the transport options, first by including a 
feasibility test, then a test for meeting service crite-
ria, after that a trade-off between the options that are 
left is made, and the last step is the choosing of an 
option. The last model shown in Table 3 is the only 
one not concerned with intermodal freight trans-
portation planning. The “Theory of Routine Mode 
Choice Decisions” from Schneider [52] is a model 
focusing on routine decisions of people. The modes 
they take, for example, for local shopping—they 
could either walk or ride a bike, drive a car or take 
a transit bus. 

In comparison, even though the last model [52] 
has a somewhat different purpose to the other three, 
the steps that are taken are still very similar to those 
mentioned in the other models. All four models 
reach a simplification of the complex planning of 
transportation chains. In the following, the basic 
LETC-RM framework (step 3.1 in the procedure 
model), including the main processes and one level 
of sub-process, is built on the models that have been 
introduced.

Reference model framework
The framework is depicted in Figure 3. The main 

process (right-hand side) and sub-processes as well 
as the description of the different steps are deduced 
from the combination of all four articles or books 
[30, 50–52]. The presented framework in Figure 3 is 
a first generic representation of the LETC model. 
The databases to be used, important service crite-
ria, and evaluation criteria need to be defined for 

and the model is to be developed as generic model 
which can later be adjusted to a specific model for 
the user.

As modelling tool the software ARIS Express is 
used. ARIS includes different modelling languag-
es such as EPC, eEPC and BPMN. It was devel-
oped in 1992 by Prof. Dr. August-Wilhelm Scheer. 
ARIS includes five views: function, organisation, 
data, product/service, and control view.[49]. As all 
modelling decisions on modelling language, strat-
egy and tool have now been made, the next steps 
for the scope definition are the identification of the 
main processes and the first level sub-processes of 
the LETC-RM. 

As defined before, a multi-mode planning is to 
be used in order to reach a modal shift which is 
one of the main strategies of emission reduction 
in transportation [10]. The strategy and the reduc-
tion are to be achieved by combining the modes: 
road, rail, and water. The transportation by air is not 
considered due to high emissions. The planning for 
multi-mode transportation chains is based on the 
choice of modes which are to be used. In a vast lit-
erature review, only a tiny number of articles and 
books could be found dealing with the process of 
mode choice. They are listed in Table 3. One of the 
reasons could be that it seems to be an easy pro-
cess to choose modes but, as Reis and Macario [30] 
state, how these decisions are made in practice is of-
ten unknown. As already mentioned in the introduc-
tion, most of the decision-makers do not know how 
the modes are chosen. Bask and Rajahonka [12] 
and Reis and Macario [30] state that these decisions 
are often taken at lower levels of authority and are 
based on known routes and supplier choices. 

The earliest model was created in 1977 by Stock 
et al. [50]. They identified four basic stages for their 
“Modal Selection Decision Model” by interview-
ing 357 firms. The stages included: problem recog-
Table 3 – Models for Mode Decision Making

Author [50] [51], [30] [52]

Name Modal selection  
Decision model

Transportation carrier selection process
Mode choice model

Theory of routine mode choice 
decisions

Main processes

1) Recognition stage
2) Search stage
3) Choice stage
4) Post-choice –  
 evaluation stage

1) Elimination of technically unfeasible options
2) Elimination of options that fail to meet service  
 criteria
3) Trade-off between service characteristics
4) Choice

1) Awareness & availability
2) Basic safety & security
3) Convenience and cost
4) Enjoyment
5) Habit

Area Intermodal freight 
transportation Intermodal freight transportation Public mobility/Transportation



Figure 3 – LETC-RM Framework (EPC, ARIS)[30, 50–52]
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Process 5: Evaluation. The event of executed 
transportation triggers the evaluation process. The 
performance of such transportation needs to be de-
termined for future decisions. Different sources of 
information can be consulted and the information 
is stored in a performance database. The evaluation 
needs to be made based on fixed rules. The perfor-
mance evaluation calls for a definition of evaluation 
criteria and calculation of same. As orientation the 
first level performance attributes of the SCOR-mod-
el are used, including Reliability, Responsiveness, 
Agility, Costs, and Asset Management Efficiency. 
Extended by the attribute of Low-Emission. 

Process 6: Optimisation. If the evaluation is 
negative, the high-performance options database 
is checked from the beginning for this particular 
transport chain. If the option is in the database, an 
optimisation process is started by looking into the 
alternatives of the “service options“ database. If 
not, the process ends at this point and the option is 
not considered further. If the evaluation is positive, 
the database is also checked for the transportation 
option. If it is already in the database, the process 
ends; if not, it is added for future considerations into 
the “high performance database” and then the pro-
cess ends.

Expected benefits of the LETC-RM Framework
The main benefit of the model is the inclusion 

of emission considerations and figures on different 
stages of the decision making process. There are 
several stages where low-emission considerations 
are included in order to generate a low-emission 
transportation planning model, starting with the 
kinds of transportation options that are considered 
in Phase 1. It is possible to gather information and 
search for transport options which are environmen-
tal friendly. This can be done by preferring train or 
ship to truck transportation or by considering if car-
riers offer electrical transportation options and so 
on. The activity of checking if the service criteria 
are met is another point. For that matter, not only 
are the requirements of the customer considered, 
but also those of the LSP are taken into account in 
order to include, for example, a maximum level of 
emission for the transportation options. The final 
and most decisive step is the choice of the transport 
option. The exercise of weighing up the options is 
conducted under this step with the lowest emission 
getting the highest score and being chosen as the 
best option. It may not be the option with the lowest 
cost, but in the process ‘elimination of options that 

any specific user. The generic processes and the ap-
propriate events and activities are described in the 
following.

Process 1: Awareness & availability. An incom-
ing order triggers the business process. In order to 
search for multi-mode alternatives, different types 
of information need to be gathered from familiar 
high-performance transport options (companies’ 
database with already successful planned transpor-
tation chains), current carrier’s sales calls, or addi-
tional information which is gathered in databases. 
A combined database including all transportation 
chain options for the order is created.

Process 2: Elimination of unfeasible options. 
The database built for a specific order is used as 
a basis for checking the feasibility of the options. 
Some transportations are not actionable with the 
given transport options. For example, shipping 
of food proves to be difficult and, therefore, it re-
quires a specific kind of transport [51]. If no fea-
sible option is found first, a second search for new 
and not-yet-considered options is made. If still no 
solution is found, the order is refused and the pro-
cess ends. If at least one feasible option is found, 
a reduced database is created including only these 
options.

Process 3: Elimination of options that fail to 
meet service criteria. The feasible option database is 
then used to check if the service requirements of the 
customer, like the maximum cost or transportation 
time, and the own set of requirements, for example 
a maximum emission of the transportation chain, 
can be met. Thus, information about possible carri-
ers for the different modes is needed also. A similar 
procedure for Process 2 is followed. If no option is 
left after the check, fresh negotiations with the cus-
tomer are made to change the service criteria. If this 
is refused, or even after changing the criteria no op-
tion is found, the order is again refused from either 
side and the process ends. If one or more options 
are found which meet the service requirements, a 
further reduced database is created including only 
these “service options”.

Process 4: Choice. Before a choice can be made 
the options need to be weighed up in order to reach 
comparability. Afterwards, the choice of one option 
can be made; and for realisation of the same a spe-
cific carrier needs to be chosen as well. The trans-
portation is made.
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ein Vorgehensmodell entwickelt, für die Entwicklung und 
Optimierung eines Referenzmodells für emissionsarme 
Transportkettenplanung. Das Vorgehensmodell bildet 
die Haupt- und Unterplanungsschritte ab, die für die 
Entwicklung des “Low Emission Transportation Chain 
(LETC) Referenzmodells, benötigt warden. Ein erst-
er Entwurf des LETC-Referenzmodells, in Form eines 
ARIS-Express Modells wird präsentiert und beschrieben.

SCHLÜSSELWÖRTER
Emissionsarm, Frachttransport, Vorgehensmodell,  
Referenzmodell.
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EIN VORGEHENSMODELL  
FÜR DIE PLANUNG EMISSIONSARMER  
TRANSPORTKETTEN 
ABSTRAKT

Emissionsarme Planung im Sektor des Frachtverkeh-
res ist einer der Haupthebel zur Reduktion von Treibhaus-
gasemissionen. Um einen nachhaltigen Planungsansatz 
zu verfolgen, wird eine strategische Lösung der Pla-
nungsprobleme im Frachttransport benötigt. In dieser 
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