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Sustainability in Value Chains

Stream: Sustainable Supply Chains
Invited session
Chair: Martin Behnke

1 - An overview of Modelling and Simulation for Sustain-
able Food Supply Chains
Lampros Stergioulas, Masoud Fakhimi

Food supply chains are increasingly dealing with continued complexi-
ties of stakeholders’ demands for Sustainable Development. Over the
last two decades, research in sustainable supply chains has made sig-
nificant contribution towards the understanding and implementation of
Triple Bottom Line (TBL) in agrifood supply chains. Modelling and
Simulation (M&S) methods are widely used in management science,
and enable decision makers to study and evaluate strategies for effec-
tive management of complex systems. Thus, M&S studies have been
extensively applied in supply chains to gain insights into existing or
proposed systems of interest. Our literature review indicates that the
number of empirical research and models being developed for imple-
menting and managing the TBL of sustainability in food supply chains
are still scarce and this research field is still in its infancy. In existing
studies, the focus of models is mainly on the productivity of systems
rather than on social and environmental aspects of supply chains. This
paper explores research on M&S for food sustainable supply chains,
aiming to investigate the challenges in developing models for sustain-
ability analysis. The presented research takes the informed view that
the discipline of Sustainable Supply Chains will benefit from further
exploration of M&S in the context of modelling for sustainability. The
outcomes of this research provide insights toward future research di-
rections and needs in this area.

2 - Is it more expensive the external supply of raw materials
when a green planning is done? A case study.
Juan Bermeo, Victoria Rodriguez, María Álvarez

Land freight transport substantially contributes to greenhouse gas
emissions through fuel use. The aim of this study is to assess the envi-
ronmental impact regard to economic impact of supply policies in the
transportation network, such as the number of stops that a truck sup-
plying raw materials can make on route. We consider the case of well-
known European automobile company. Mixed-integer programming is
proposed to solve small size instances, and a tabu search metaheuristic
algorithm is applied to the solution of large size instances. This paper
is from benefit to academics and managers by providing a real com-
parison when a green planning is done and when not in automobile
industry.

3 - Nested model for distributed decision-making in global
value chains
Adel Guitouni

Decision-making within clusters of self-organized and vertically re-
lated but independent firms to create value continues to function de-
spite their lack of awareness of each other’s goals, capacity, labour,
knowledge and technology. Little theory exists in either the decision
sciences, the management, economics or engineering literature to ex-
plain how distributed decision-making and information exchange oc-
cur within co-production networks (CPNs) such as global value chains
(GVCs). Prior research shows that decision-making within complex
economic systems must account for how value emerges, is perceived
and aggregated within these CPNs. In this contribution, we develop a
nested decision-making model with at least four levels. First, the value
must account for how value is created and measured despite its amor-
phous qualities, and the lack of consensus on what constitutes value.
Second, value aggregation is multi-dimensional and, for our purpose,
we consider the triple-bottom-line approach, which aggregates three
value dimensions, i.e. economic, social, and environmental. Third, the

question of whose perspective defines which criteria are pursued must
be understood. The fourth level relates to how the value changes and
accumulates over time and space. We address value measurement, the
incommensurability related to multiple criteria aggregation, the diffi-
culties inherent to stakeholder inclusion, and the problems of spatial-
temporal accumulation of value along the supply chain.

4 - Vehicle routing with emission allocation preferences
considering EN 16258
Martin Behnke, Thomas Kirschstein, Christian Bierwirth

As freight transportation is responsible for about 24 % of the CO2e
emission in Europe the transport industry is required to substantially
reduce greenhouse gas emission. To declare GHG emission by trans-
port services the European Commission proposed an emission report-
ing standard EN 16258. With this paper we conceptualize an approach
which enables logistic service providers to determine vehicle tours and
to allocate cost and emission to the shippers according to their pref-
erences and EN 16258. The norm prescribes possible allocation pa-
rameters: transport performance, egalitarian, distance- or load-based
allocation or even linear combinations of these. Selecting an allocation
measure establishes an additional instrument for the service provider
to meet shipper’s preferences. Incorporating these aspects requires to
model the emission-relevant decisions yielding a heterogeneous VRP
with emission and cost allocation. We will present approaches to meet
shipper preferences for emissions and costs and discuss their pros and
cons. Particularly, one option is to formulate hard upper bounds on the
allocated emissions for each shipper and seek for the cost-minimal so-
lution. A second possibility is to consider soft preferences and regard
these for the routing and allocation problem. Another approach is to
decompose the planning problem into routing and separate allocation
whereby various objectives can be pursued and the allocation model
allocates costs and emissions.
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Efficient Approaches for Solving Expansion
Planning and Network Flow Problems

Stream: Modelling & Analytics for Energy Economics I
Invited session
Chair: Manuel Ruppert
Chair: Valentin Bertsch

1 - Improving solution times of Capacity Expansion Energy
System Models using aggregated problem solution as
warm start
Stefanie Buchholz, Mette Gamst, David Pisinger

Energy System Models are complex MIPs that frequently need sub-
stantial CPU time to be solved. We study Capacity Expansion Mod-
els which are used for finding an optimal mix of technologies to se-
cure stability in future energy systems. The need of model detail for
this purpose tends to increase. Firstly, due to the many possible alter-
natives to fossil fuel, the solution space grows. Secondly, a detailed
modelling including e.g. unit commitment makes the models NP-hard
to solve. Consequently, simplification methods are needed. Promising
results have been reported using aggregation, where the reduced mod-
els capture most of the needed investments while being much faster
to solve. However, the solutions typically are sub-optimal, and a too
aggressive aggregation may lead to infeasible solutions for the origi-
nal problem. We analyze the potential of achieving optimal solutions
using less computational time. By warm-starting the solution process
of the original problem using solutions of aggregated problems, we
help the MIP solver in finding good search directions. Moreover, we
suggest to exploit the high quality of aggregated solutions by reduc-
ing the solution space according to the aggregated investment strategy
to reduce solution times even further. Results show that the gains of
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using warm starts depend on both warm starting solution and problem
instance. Still, using the reduction span on investments, solution time
reductions for most warm starts are seen with reductions up to 75%

2 - Generation and transmission network expansion plan-
ning in power systems with a high share of renewable
energies considering multiple weather years
Viktor Slednev

With an increasing integration of fluctuating renewable generation into
power grids, the necessity to consider grid restrictions for the planning
and secure operation of the power system is gaining in importance. In
this context, the challenge to ensure the security of supply in the gener-
ation expansion planning (GEP) and transmission network expansion
planning (TNEP) increases. For an adequate decision support, models
are needed which are able to provide a secure TNEP and GEP consid-
ering the impact of varying weather conditions on the renewable gen-
eration in combination with central and decentral flexibilities. Based
on the coupling of multiple models we present an approach for a secure
TNEP and GEP considering the non-availability of generators due to
stochastic outages or varying resource availability in multiple weather
years. Neglecting load flow restrictions in the first step we run a highly
resolved allocation planning of renewables, a Monte-Carlo based two-
step optimization of national capacity requirements and an hourly re-
solved multi period GEP on the European scale. In the next step grid
restrictions based on the DC-approach for Germany and its neighbour-
ing countries are included and the TNEP and GEP (with fixed capaci-
ties) is conducted. In order to handle the complexity of the problems,
different decomposition techniques, including the Alternating Direc-
tion of Multipliers Method (ADMM) and Benders Decomposition, are
applied.

3 - Computationally Efficient N-1 Secure Load Flow Repre-
sentation
Richard Weinhold, Robert Mieth

Relative to the ongoing changes of the electricity market power trans-
mission and distribution infrastructure remains virtually static. Grid
utilization needs to be highly efficient to accommodate physical power
delivery at all times while simultaneously comply with strong secu-
rity requirements. Network constrained optimal dispatch decisions
are not only restricted by the thermal limits of the power lines, but
also by complex security requirements such as the N-1-criterion. For
real-world networks the N-1 security constrained optimal power flow
(SCOPF) leads to a prohibitive increase in complexity even for lin-
earized (DC) power flow. However, traditional approximation, e.g.
based on fixed error margins, is not suitable for analysis of market-
strategies closely related to the physical state of the line, such as op-
timal redispatch and flow based market coupling. This paper presents
a methodology for a true N-1 representation by reducing the grid ma-
trix to the minimal set of constraining lines. This allows a fast SCOPF
solution that can be implemented in multi-period economic analyses.
The matrix reduction is performed by an iterative algorithm with per-
formance guarantees based on both general algebraic theory and ex-
ploiting peculiarities of the optimal dispatch problem. The method is
showcased on the classic IEE 118-bus test system as well as a full-scale
real-world system. Implementation relies on open-source systems and
data and will be published supplementary to the paper.
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Multi-Criteria DSS
Stream: Decision Support Systems
Invited session
Chair: Pascale Zaraté
Chair: Adiel Teixeira de Almeida

1 - An interactive methodological framework for the Analy-
sis and Improvement of Robustness in Multicriteria Dis-
aggregation - Aggregation methods
Athanasios Spyridakos, Nikos Tsotsolas, Isaak Vryzidis
UTA methods concludes to the assessment of additive value preference
models based on Decision Makers (DMs) global preferences expressed
by the rank ordering of a limited set of alternative actions evaluated
into a consistent family of criteria. The assessment of the preference
model through Linear Programming (LP) techniques is characterized,
in many cases, by low robustness due to the existence of infinite solu-
tions of the LP, bordered into a multi dimensional hyper polyhedron.
Post optimality techniques are employed in order to identify the bor-
ders of the hyper polyhedron and finally a representative solution (usu-
ally the barycenter of the hyperpolyhedron) is selected. This research
work presents a methodological frame for the analysis of the robust-
ness of the estimated preference models and a set of a posteriori inter-
active feedbacks for the improvement of the robustness. The robust-
ness analysis of the preference models is achieved by the investigation
of cutting multi dimensional hyper planes of the hyper polyhedron and
the utilization of a set of indices such as the Average Stability Index
(ASI), the Priorities Reversal Index (PRI) and the entropy. The out-
come of the robustness analysis lead to the elicitation of additional
preference information by the DM through focused dialogues and vi-
sual techniques in order to enrich the LP and finally to improve the
robustness. Also, the RAVI software system which embeds the above
methodological approach is presented.

2 - Multicriteria decisions for investment in innovative
upper-middle income countries GII 2016
Carlos Francisco Simoes Gomes, Marcela do Carmo Silva,
Helder Gomes Costa
Observing how to invest in upper-middle income countries via an in-
novation perspective following Global Innovation Index (GII) by Mul-
ticriteria Decision Aid (MCDA) approach, once MCDA was designed
to support subjective decisions. Pearson’s correlation was the mile-
stone for understanding innovation indicators at upper-middle income
countries profiles. In a MCDA first step, the Analytical Hierarchy Pro-
cess (AHP) was applied to obtain the criteria weight; whose judge-
ments or evaluations inputted in AHP were collected from a sample
composed by experts in GII. After getting the criteria weights com-
poses GII, Borda and PROMÉTHÉE (Preference Ranking Organiza-
tion Method for Enrichment Evaluations) methods were applied to ob-
tain an MCDA-based GII. The inputs for this second step were: the
weights come from AHP output, and, the countries performance came
from GII data. As a result, it was found out the upper-middle countries’
rank to invest and groups with countries acting like "hubs" or "bridges"
for economic sectors in near countries. The results also show multi-
criteria decision aid as a supportive decision tool for decision-makers
consider several perspectives of investment from criteria and alterna-
tives analysis.

3 - Multiple Criteria Performance Modelling and Decision
Analysis of Multi-vector Decentralised Energy Systems
Ting Wu
Renewable energy is essential for the world economy and the current
and future generations’ welfare, and it contributes in a balanced way
to attain the general goal of energy security and environmental pro-
tection. Sustainable energy development should take into account not
only energy saving and efficiency, but also transforming centralized
energy systems to clean and decentralized energy (DE) systems. This
research aims to develop a multiple criteria performance modelling and
decision analysis framework for multi-vector decentralised energy sys-
tems. The evidential reasoning (ER) approach is employed to repre-
sent and aggregate various performance factors in either quantitative
or qualitative nature under uncertainty. A case study is introduced
to illustrate the feasibility decision analysis of constructing different
multi-vector decentralized renewable energy systems in an industrial
park. Four micro-grid configurations are identified as alternatives and
then appraised by comparison against a series of criteria, and a multi-
criteria decision model is then developed to rank those options. Sen-
sitivity analysis is also conducted to analyse the reliability of the deci-
sion making. It is believed that different stakeholders, including policy
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