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QUESTIONS AT STAKE

How did the COVID-19 pandemic disrupt this effort and the "circular" or
sustainable economic sphere?
How we can leverage lessons learned to optimize supply chain
processes and protect against future shocks?

Which metrics can be used to assess Resiliency &
Sustainability of supply chains?
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THE CONCEPT OF
•
•

•
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Inspired from
ecosystems networks
Greater efficiency
means environmental
impact reduction – cost
reduction
(sustainability)
Greater resilience:
overall viability
(robustness, stability,
resilience)

“WINDOW OF VITALITY”
Which metrics?

Ulanowitz et al, doi:10.1016/j.ecocom.2008.10.005
Fath, doi.org/10.1016/j.ocecoaman.2014.06.020

METRICS FOR

ENVIRONMENTAL
SUSTAINABILITY

Life cycle assessment (LCA)
based metrics (ISO 14040)

•

Life cycle perspective
(avoid pollution shift)

•

Multi-impact (beyond
carbon footprinting)

•

Focus on functionality
(look at supply chains
as core functions)

Water scarcity
Climate change

Par6culate
ma7er
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Fossil and mineral resources

(Available from: h0ps://www.nist.gov/systems-integra;on-division/lifecycle-graphic)

CASE OF H2 FUELED UTILITY VEHICLES

Demand (km/engine per vehicle)

Prospective assessment of utility vehicles fleets in Greater Paris (2018-2030)
H2
Gasoline
Electric

Number of agents and number of
vehicles per agent
Distance demand (km/day)
Number of days worked per year
Threshold for renewing vehicle and
vehicle fleet
Desire to choose greener technologies
Price of vehicles
Autonomy range (km)
Fuel consumption
Loss of value when reselling

Diesel
Compressed natural gas

Price of fuels

Subsidies and carbon tax
Ban on fuels
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PROSPECTIVE CARBON FOOTPRINT

•
•
6

Assess the impact of tipping points (e.g. end of diesel policy)
Holistic carbon footprinting

PROSPECTIVE MINERAL RESOURCES
CONSUMPTION

•
•
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Reduction of carbon footprint is counter balanced by significant increase in
mineral resources consumption
Overall balance for multi-fuel fleet of utility vehicles

METRICS FOR VIABILITY
R E S E A R C H A N D A N A LY S I S

Network analysis: assessing the
importance of networks
Graphs: directed/undirected – weighted/unweighted

On the Complexity of Life Cycle Inventory
Networks
Role of Life Cycle Processes with Network Analysis
Tomás Navarrete-Gutiérrez, Benedetto Rugani, Yoann Pigné, Antonino Marvuglia,
and Enrico Benetto

Navarrete et al, doi.org/10.1111/jiec.12338

Keywords:
complexity
drinking water
emergy
industrial ecology
life cycle assessment (LCA)
network analysis

Supporting information is available
on the JIE Web site
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Summary

Eccentricity

Determining the relevance and importance of a technosphere process or a cluster of
processes in relation to the rest of the industrial network can provide insights into the
sustainability of supply chains: those that need to be optimized or controlled/safeguarded.
Network analysis (NA) can offer a broad framework of indicators to tackle this problem. In
this article, we present a detailed analysis of a life cycle inventory (LCI) model from an NA
perspective. Specifically, the network is represented as a directed graph and the “emergy”
numeraire is used as the weight associated with the arcs of the network. The case study
of a technological system for drinking water production is presented. We investigate the
topological and structural characteristics of the network representation of this system and
compare properties of its weighted and unweighted network, as well as the importance of
nodes (i.e., life cycle unit processes). By identifying a number of advantages and limitations
linked to the modeling complexity of such emergy-LCI networks, we classify the LCI
technosphere network of our case study as a complex network belonging to the scale-free
network family. The salient feature of this network family is represented by the presence of
“hubs”: nodes that connect with many other nodes. Hub failures may imply relevant changes,
decreases, or even breaks in the connectedness with other smaller hubs and nodes of the
network. Hence, by identifying node centralities, we can rank and interpret the relevance
of each node for its special role in the life cycle network.

VIABILITY METRICS
R E S E A R C H A N D A N A LY S I S

91 Out water, inf U

First Set of Data: Nonstructural Data
The number of nodes (|V|), the number of links (|E|),
and the density of the graph are indicators belonging to this set.
The maximum number of edges is typically 12 V(V − 1) (Coleman and Moré 1983). When a graph has the maximal density
( = 1), then it is called complete. In a dense graph, the number
of edges is close to the maximal number of edges. In a complete
graph, though, every node is connected to every other node.

•

4084.56
3.45E+7

Electricity, low voltage, at grid/FR U

78205.1

92 Distributed water, inf U

Figure 2 Example of compact representation of the graph
describing the system’s network involved in the production of
potable water in a selected plant, taken as a case study (see Arbault
et al. 2013a). The functional unit is 1 m3 of potable water ( = 92
Distributed water, inf U in the screenshot). In gray, the emergy
flowing from one process to the other is shown (in MJ of equivalent
solar energy, seMJ), whereby arcs are proportional to the emergy
flow. inf = infrastructure; FR = electricity from the French grid;
U = unit process; m3 = cubic meters.
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Navarrete
et al,time
doi.org/10.1111/jiec.12338
and
execution
(Marvuglia et al. 2013a). The isolated
nodes of the graph were those whose connections (incoming
and outgoing arcs) have been ruled out by the graph search
algorithm because none of them exceeded the fixed threshold.

Understanding to what extent the
network’s structure can change
following changes of even disruptions:
•

Hot-spotting criticalities

Second Set of Data: Structural Data
• Determining which supplier is more
This set of data was comprised of the network diameter and
critical
in terms
network radius. Theeffective
diameter of aor
graph
is the length
of the of
longest geodesic. Theenvironmental
distance between two footprint
vertices in a graph
responsibility
is the number of edges in a shortest path (also called graph
geodesic) connecting them. The diameter is also defined as the
maximum eccentricity, where the eccentricity of a vertex v in
a connected graph G is the maximum distance between v and
any other vertex. In contrast, the minimum graph eccentricity
is called graph radius.

•

Finding a common numeraire for
weighted networks?

• Data:
Money
Third Set of
Complexity-Related Measures
The following
were considered to determine the
• indices
Energy/Mass
complexity of our networks: clustering coefficient, average path
• distributions.
(share of) environmental footprint
length, and degree
The clustering coefficient (also known as transitivity) measures the probability of adjacent vertices of a vertex being connected. The average path length is the expected distance be-

COMBINING SUSTAINABILITY&VIABILITY
Annals of Operations Research

Fig. 2 Viable supply chain ecosystem framework
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Ivanov, doi.org/10.1007/s10479-020-03640-6

– economy and governance

•

Simulation using system
dynamics or agent-based
modelling

•

Modelling of positive and
negative feedbacks between
SC and related agents
(environment, production
system, society)

•

Identification of the
boundaries of the “window of
vitality”

NEXT CHALLENGES

-

Implement the “window of vitality”
-

-

Improve data availability
-
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Sustainability & Vitality have “human well
being” as common ground
Trade-off between short term and longterm perspectives

Trade-offs between transparency and
confidentiality
Digitalization is an enabler : Digital Twin
Luxembourg

