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* Supply Chain Evolution — from Traditional to Sustainable Supply Chain
* Design and Planning Sustainable Supply Chains — ToBLoOM

* New Multi-objective Approach — extending ToBLoOM

* Case Studies — Analyzing different strategic options

* Challenges & Future Work
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A combination of processes aimed at fulfilling customers’ requests, that include a set of network entities such as
suppliers, manufacturers, transporters, warehouses, retailers and customers,
whose main purpose is customer’s satisfaction at a minimum cost
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Closed-Loop Supply Chain

+ Reverse logistics activities including the collection and treatment of non-conformed and end-of-life products
through recycling, or remanufacturing, or repairing
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Some in place Sustainable Strategies and

Practices

Product and Processes measures ....

____ Emissions

Resource

PRODUCTION

IMCDM2025, Coimbra

Filters, gas washer

Treat Effluents Diminish Waste
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Some in place Sustainable Strategies and

Practices

Processes measures .... _ .
Reduce transportation footprint.

Use of cleaner transportation modes
Eco driving.

Emissions

Reduce warehousing footprint.
Use of cleaner light/operation modes
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* Integrated Product and Process oriented measures

* Resources availability
* Human resources conditions

&

PEOPLE

Social variables dealing with
community, education, equity,
social resources, health, well-

being, and quality of lie

PLANET PROFIT
Economic variables

dealing with the bottom
line and cash flow

Environmental Variables
relating to natural
resources, water and air
quality, energy
conservation & land use

Constraints
|
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Sustainable Supply Chain - complex network system that involve a diverse set of entities that manage products from suppliers
to customers and associated returns, accounting for social, environmental and economic impacts (Barbosa-Pévoa et al, 2018)
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* Environmepts
has been sha
= Few to none
assessing the
the context
Pévoa et al. 2
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The challenge:

Interconnected
decisions

Supply chain
complexity

Multi-
objective
problem

Different Lack of
stakeholders indicators

Data
collection/

=
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availability

problems

Barbosa-Pdévoa, A.P, Carvalho A. Silva, C. "Sustainable supply chains: An integrated modeling approach under uncertainty”, Opportunities and Challenges in
Sustainable Supply Chain: An Operations Research Perspective, European Journal of Operational 268, 2, 399-431
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- Build Decision
Supporting tools to help
decision makers to

incorporate

Sustainability Goals in

Supply Chains A
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https://www.sciencedirect.com/journal/european-journal-of-operational-research/vol/268/issue/2
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How to simultaneously incorporate economic, environmental and social concerns

m in the design and planning of supply chains?

How to adequately introduce environmental impact indicators in supply chain
design and planning?

How to define social indicators that can be incorporated into an Optimisation-
based tool? T

i
®
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Sustainable Supply Chains

Economic Environmental Social
analysis analysis analysis
|ntegrated Supply chain mOde“ing approach I Triple Bottom Line Optimization Modelling

Uncertainty

Case-study analysis

Mota, B, Gomes, M.l, Carvalho, A, Barbosa-Pévoa, A.P, “Sustainable supply chains: An integrated modeling approach under uncertainty”, Omega, Volume 77, Pages 32-57, June 2018,

.//doi.ore/10.1016/i 2017.05.006
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https://doi.org/10.1016/j.omega.2017.05.006

ToBLOOM

Triple Bottom Line Optimization Modelling

Supply Production Warehousing Collection and

sorting
) a a =
N N
INPUTS B

= Possible suppliers = Possible locations = Possible locations = Possible hub terminals = Product demand = Possible locations
= Supply capacity = Stock capacity = Stock capacity = Flow capacities = Market locations = Stock capacity
= |nstallation/renting area = |Installation/renting area = |abour needs = |nstallation/renting area
0 = Production/remanufacturing = Labour needs = Possible transportation = Labour needs
capacities modes =  Minimum return fraction of
= Labour needs = Transportation capacitites end-of-life products
General data =  Products’ bill of materials = Product weight/volume

= Distances between entities

*-'.'E A
e
SO

Economic

o

Environmental

>

Social




ToBLOOM

Triple Bottom Line Optimization Modelling
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Triple Bottom Line Optimization Modelling

METHODOLOGY |

Multi-objective mixed integer linear programming (MO-MILP)
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@ertainty — Stochastic App@

o Scenario 1

° Scenario 2
° Scenario 3

‘ Scenario 4
|
|

Social assessment

Normalized environmental
impact

/ Augmented g-constraint method \




ToBLOOM

Triple Bottom Line Optimization Modelling

fl

40

= Max Net Present Value: actualized cash flow: net earnings — fixed capital investment

Net earnings given by the difference between the incomes, defined by the amount of products sold, and the costs
per time period:

= raw material costs

= production and remanufacturing costs CF,

= recovered product costs max NPV = Z m - Z FCI,

= transportation costs ter 14

= handling and contracted costs at the hub terminals

» inventory costs ( NE; t=1..,NT—-1
= labour costs CF; = 4 NE, + z (SvaCIy t=NT
Fixed capital investment given by: \ Y

= the investment in facilities
= investment in production and remanufacturing technologies

= investment in transportation links

Research Group
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Triple Bottom Line Optimization Modelling

Interpretation

i 8 T T

definition analysis (LCl) Classification - Characterization » Normalization - Weighting

LCA methodology MIDPOINT CATEGORIES

Climate change

BT AN
Freshwater eutrophication
Freshwater ecotoxicity
4| Resource
T N G

Mineral resource depletion

ENDPOINT CATEGORIES

LCI RESULT
(Raw material \

Land use
co2

. VoS
ReCiPe P

S02
LCIA method NOX
CFC

cd

PAH

kDDT J

Human
health

Ecosystem Single
diversity score

J

Established connection
Important but not established connection




T@BLoOM vy

Triple Bottom Line Optimization Modelling

» Environmental objective function: activities impact for each midpoint category

Environmental impact of production and

remanufacturing

min Envimpact = pwm (Pingit + Rmgit)
C teT IEIf
Characterization (m,g)eH

factors of the T

methodology for
activity

(a,m,i,j)ENetP 4

Environmental impact of transportation Environmental impact of entity installation

*
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Triple Bottom Line Optimization Modelling

Idea:

To promote job creation in less developed regions

To stimulate regional development

To support access to critical products

Focal organization decides to install a plant

Extended supply chain

Impact on regional economy

&

v
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ToBLOOM

Triple Bottom Line Optimization Modelling

= Social objective function: create jobs in less developed regions

Fixed workers at each entity

Workers at

Workers per square meter of installed

technologies

capacity

max GDPInd = Z ‘w}’+ Z ‘vpquCi+ Z ngmi

€17Vl €1 U1 €EH
This is replaced according | _ 'Sir¥hw> 1 v (mi'g;f

to the desired socio- 5 Wa
economic indicator. alai + Z yth PWm-dij- Xnaije
[a,t,j)ENet

(a,m,i,j)ENetP

a€ApianeYApoat
teT

Workers at air and sea transportation

Workers at road transportation modes modes

*
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Triple Bottom Line Optimization Modelling

Material palance at the jactories:

Smig—1y + > BPrgic + > Ringit = Smit
g(mgleH o g(m.g)eHrem

o Material balances at each of the supply chain entities - =" wwc S mamicr o

n, j:(n.i. jyeFoutrre
a:(an.i jreNerP

> Xmaje = > BOMESP,.meMp, niclpnteT

o Entities & transportation capacities -

(2)
H . 3" Xmax= Y. BOMETRug, meMpnaiclateT
e Flows & Supply & Demand Restrictions i 08

Material balance at the warehouses:

Smie—1) + Z BOM,1nXnajic = Smic

e Inventory storage capacity and inventory policies -
+ 3" BOMum Xugijp. te€T ame (Mg, UMp) nicly

n j: (n. i jyeFoumw
azqa.n.i,jieNetP

(4)
o ] ransportatlon modes (for insourced and outsource tran« p@rtatlon o2 e el ()
najic BOM o Xaaije
i n P NL Flow capacity:
Y Xeap<e™ iclateT (12)
[ ° me (MgpUMyp) A€l AteT (6)  emji@mijeNaP
e Production and Remanufacturing technology .
Y Koo =dmdy, i<l teT Gy SR
Jm ik Stock capacity:
a(am LisNecP S < G, meMg,nie (Ul )ateT (14)
Y XnagzRetha Y BOME™Xugjicony. Smic 2 iRY, meMppaie(fUl) AteT (15)
° o e p—
XK t>1ameMpnicl 8)  YCTy = Y apurXm+ Y. OPumSmi.
maj:(m.a,j)sNeP m:(m i)V
ielfulyateT (16)
Z Xoig < 3 BOME™Xagjiq-1,
n (v ke YG = YCT,. ielful, (17)
[ l' a:(an, ) fycNetP
t>1ameMpniclk 9
YG < ea™Y, ieljuly (18)
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Case-Study | Case-Study Il Case-Study llI
Indust Electronic ﬁ pulb and paper 1= Automotive
ry components '" P Paper 1= components

©

S0 NPV NPV NPV
> Economic
£ n
5 O
c B . ReCiPe
S o ReCiPe (LCA) _
C S
= Environmental PEF (LCA)
@ =
(7, * 8

'&' GDP

U GDP - Unemployment Rate

Social Job creation

The three pilars of
Look at: . d . Environmental Goal Social Goal
Sustainability

: ) ®
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Case-Study |
&
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Mota, B, Gomes, M.|, Carvalho, A, Barbosa-Pévoa, A.P, “Sustainable supply chains: An integrated
modeling approach under uncertainty”, Omega, Volume 77, Pages 32-57, June 2018, L .
) . Analysis boundary

https://doi.org/10.1016/j.omega.2017.05.006
: ) ®
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Case Study |

Results

A: max NPV

B: min Env.
Impact

C: max Social
with 95% of
max NPV

D: max Social
with 85% of
max NPV

E: max Social




Case Study | |

Objectives: % Economic

Cases

Indicator Units A B C D E
Economic € 1,280,985,986 866,479,118 1,216,936,687 1,088,838,088 0 N cecs A
Environmental - 996,589,688 905,849,526 996,522,581 995,990,099 988,465,182 —_ — B
Social - 534 1,148 1,608 2,537 8,671 .

[ ] “~ N\
) — \ ——
Environmental Impact m ) i
( ’ Social Environmental

15 10,500

10,000 Social impact: EA EB EC mD ®E
9,500

9,000

impact (x105 Pts)

Transportation and facility
installation environmental

Bulgaria Hungary Portugal Spain Italy United = France Belgium Germany
Kingdom

0 8,500
A B C D E

ul
Production/remanufacturing
environmental impact (x105 Pts)

036 047 067 075 095 098 106 1.08 119 1.4
B Transportation M Facility installation M Production/remanufacturing Countries and corresponding GDP factor

Importance of an integrated framework allows a better performance across the supply chain

Indentification of sustainability hotspots Oﬁg

Research Group




Case-study II

How life cycle scope definition influences supply chains decisions ?

a) Suppliers

b) Faaor{es and warehouses "i
W

e

Case-Study IV

5

Pulpand [— < B
Industry oaper | —= y- e
— d) Markets Wood
; % b.-' Wood supplier

% \ : ' =
‘ : :"“ ‘ 2 *5 Factory
NPV \ 7’ ‘ o7 ~ﬁ ‘; B warehouse

‘ Seaport

1 g Rail station
e E Market

Economic

o

ReCiPe
PEF (LCA)

Environmental

' ' Factories
t J - Integrated production

Social | Wood )— Pulp manufacture Paper manufacture >
[
3
- Non-Integrated production > - >
“Me

o0

Warehouses Markets

Sustainability
indicators

| Pulp }— De-hydration step Paper manufacture

Pulp Paper

Distribution

N
H

Forestr
Y manufacture manufacture




Case Study |l - Goal and definition

Phase 1
ToBLoOM
application
Problem
formulation

/

Solution
A B

Solution

A - Environmental objective
function: Based on ReCiPe at
midpoint level

B - Economic objective
function: Net Present Value

Phase 2

Set of alternative
solutions

Augmented &-
constraint method

Approximation to
the Pareto frontier
between solutions
A and B (Baseline)

Phase 3

LCA step: Goal and Scope Definition

Goal definition —
Strategy evaluation

Life cycle scope -
Supply chain Life-cycle
boundary evaluation

Environmental impact
categories evaluation

Strategies thought to be sustainable might not be as
sustainable as other alternatives

Set of Scenarios
with corresponding
Pareto frontiers

Set of Scenarios
with corresponding
Pareto frontiers

Set of Scenarios
with corresponding
Pareto frontiers

Application to case-study

—_

(%]
+

o
=

Environmental impact

scenario 1: 100% of certified raw-materials
scenario 2: only road transportation

7.30E407
7.10E407
6.90E+07
6.70e+07 | €1
6.50E+07
6.30E+07
6.10E+07
5.90E+07
5.70E+07
5.50E+07

el

M""\ &16 el6

el —a— Baseline

el —e— Scenario 1

—e— Scenario 2

0.00E+00

2.00E+09

Classification

» Characterization » Normalization

» Weighting

IMCDM2025, Coimbra

NPV (£€)

| ©Ana Barbosa-Pdvoa
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Case Study Il - Lyfe Cycle Scope

Narrower system boundaries can result in economically

- scenario 3: only transportation activities . .
. ) : . and environmentally worse solutions
scenario 4: only production and pulp production at the suppliers

scenario 5: the impact of production, pulp production at the suppliers and carbon credits obtained from purchasing certified wood

7.20E+07
z el6
Phase 1 Phase 2 Phase 3 & 7.00E+07
-
(8]
T 6.80E+07 el6
Set of alternative
TOB!'OO_M . LCA step: Goal and Scope Definition . 7.20E+07 E 6.60E+07
appl|cat|on solutions 'g el ©
g8
. Q. 7.00E+07 elb S 6.40E+07
Study 1: . B I
l Goal definition — Se.t of Scenarios . 3 680807 elb S 6.20E+07
E luati with corresponding = = el
rategy evaluation . £
Problem Augmented &- gy Pareto frontiers = 6.60E+07 ué_. 6.00E+07
i constraint method e el
formulation S 6.40E+07 5 80E+07
. S 2.50E+09 3.50E+09 4.50E+09 5.50E+09
: Set of Scenarios S  6.20E+07
Life cycle scope - - . o NPV (€)
o with corresponding =
Supply chain Life-cycle R = E+07
: ; imati Pareto frontiers £ 6000 i i
Solution Solution Approximation to boundary evaluation w el —e—Baseline —&— Scenario 4
A B the Pareto frontier 5.80E+07
i 2.50E+09 3.50E+09 4.50E+09 5.50E+09
A - Environmental objective between solutl.ons . . Set of Scenarios
function: Based on ReCiPe at A and B (Baseline) En:lronmentall 'th_’a‘:t with corresponding NPV (€) 7.20E+07 T
idpoi categories evaluation . . . @
midpoint level g Pareto frontiers —8—Baseline —®— Scenario 3 f 7.00E+07
B - Economic objective :g
function: Net Present Value 8 6.80E+07 elé
§ 6.60E+07
Application to case-study ]
S 6.40E+07 el
£
5 6.20E+07
=
2 6.00E+07
w
5.80E+07 el
0.00E+00 2.00E+09 4.00E+09 6.00E+09
NPV (€)
Classification » Characterization » Normalization Weighting —e— Baseline —@— Scenario 5
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= Strategies thought to be sustainable might not be as sustainable as other
alternatives

Carbon Tunnel Vision

(e.g. certified suppliers only ....)

= Narrowing Systems Boundaries & Impacts Categories

may leads to a biased solution

(e.g focus on climate change) |

Carbon Tunel (Jan Konietzko, Moving beyong Carbon Tunel Vision with a
Sustainability Data Strategy, Forbes, Apr 7, 2022

: ) ®
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a) b)
'& g_g_ &ﬂ Em
Case-Study V L. | B
g- g_ g Mf‘ u“as
—g- .= -g = &m
. - 8 2
Indust Automotive s -
ry components
c) d)
= - g ooy
h—"" o i M CPs
SO NPV - Ape?
> b= dc”;-?fﬂ g
c €12 "¢
- Economic M o 2
E ﬂ f dcd d:‘
L2 O B %o
© - dc8 ﬁn
c 8 - de7
-E '-a gSuppIierA Voio Supplier B g Supplier C a Factory ﬁg Distribution center 'Client
th c© Environmental
: ==
(7,3 L I GDP o
' ' 0.5|rm1 Rubber ‘_E'
u Unemployment Rate — K
0.3 2 C
Social Job creation = 1[fo1 e m 1[fo1 Tie] H-Q > o1 Tie] ‘
0.1 3
m Other chemicals W'ﬂ
Mota, B, Gomes, M.I, Barbosa-Pdvoa, A.P”” Growth and jobs: 0.1(rmd
supply chain design and planning towards socio-economic Suppliers Factories Distribution centers Clients
(Chemical producers) (Tire manufacturer) (Car manufacturer)

equity” (submitted)

- , x
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Case-study lll

Phase | Phase Il Phase Il Phase IV &%

ToBLoOM Socio-economic Socio-economic Solution approach for socially L3} ',! -
application indicators impact assessment aware strategic decision support Pe
implementation ‘ ‘ | l

l : | o | i -

ai’bga

Step 1: Establishment of degree of importance between n
Problem definition LeXIFogra F_’th indicators, favoring the social ones a_‘
optimization - ) — - )
l Step 2: Selection of common supply chain decisions E
Other socio- according to established order and following the heuristic: L}
. . Actual job 1 - Decisi s
— B economic : - Decisions common to all n cases @
Case A op atio indicators creation N -
in 2 - Decisions common to n-1 cases £ -
i ()
<,Case 5 1: Socio-economic objective M (m+1) - Decisions common to n-m cases 3a) 3b)
— function: Gross Domestic Supply chain - )
A: Economic objective Product-based I _ Stop when supply chain needs are met L e
function: Net Present Value ]
2: Socio-economic objective l -
B: Socio-economic objective function: Unemployment 1 - %
function: Job Creation Rate-based | Socially equitable solution is proposed | - L} o ] ﬁ
L] - * B
dc7
u ‘a dcl
Different social indicators significantly influence supply chain structure a % 5 S
NEED FOR: careful analysis of contributions and relations between indicators and supply Y gs : ""mf
chain decisions is necessary .
- L]
IMCDM2025, Coimbra | ©Ana Barbosa-Pévoa OpLog
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Having social concerns in mind
what is the most equitable solution?
Phase lll . .. . .
Impact on other socio-economic indicators:
Socio-economic
impact assessment Imorovement® in Improvement* in
P Unemployment Improvement* in ] Total Improvement
‘ | GDP-based Rate-based Job i Decrease in NPV in Sodial Indi
— i dicator ate-base ob Creation (%) in Social Indicators
| | n (%) indicator (%) (%)
l ’ (%)
Case & 38 47 34 12 120
0 - (GDP-based)
B e Actual job Case 2
economic .J 8 98 20 11 126
o creation (Unemployment rate-based)
indicators Case B
v (Job creation) 37 29 35 12 101
m *compared to Case A \
Supply chain .
tlcture More Balanced Solutions
Application of certain indicators can result in a trade-off with other socio-economic indicators and the
effective number of jobs created
NEED FOR: broader analysis with different social criteria supported by this type of methodologies

, >
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= Solving Multi-objective objective problems in real cases results:

* Overwhelming for the DM

* Difficult to compute

* Time consuming

IMCDM2025, Coimbra | ©Ana Barbosa-Pévoa OpLog
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@

COMBINE 3
STRATEGIES

@ Representation Method
Compute a subset of the Pareto front that:

* Captures the traits of the Pareto front
* Isas small as possible
* Iswell spread through the Pareto front

@ Pareto Front Decomposition Method
Restrict objective space based on DM’s previous knowledge:
* Requires from the DM for simple preference statements
* Discards only solutions that would not be interesting to
the DM
* Restricts the search region a priori

@ Interactive meth

Guides the DM through the Pareto front to:
* Further refine the PF into a narrower ROI
* Help the DM converge on a satisfactory solution

IMCDM2025, Coimbra

| ©Ana Barbosa-Pdvoa
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2.

3.

[Sta,rt: Problem Definition/Input Data]

!

Yes No

Problem formulation Does the DM want

) . to focus on a ROI?
DM articulates problem statement and specifies
relevant aspects — -
PF Decomposition Method Representation Method
- Elicit DM’s criteria preferences |——— - Define cardinality
Initial Representation or ROI Definition - Define the ROI - Generate representative subsets
DM decides if we wants to learn more about the )

Interactive Method

- Show alternatives to the DM
DM is shown a PF representation and guided - Integrate preferences in the model

problem or focus on a ROI

through the trade-offs l

Interactive Refinement
Is the current

best solution
satisfactory?

DM wishes to find a satisfactory solution

The DM is shown alternatives and based on the
DM'’s ranking the representation is refined

i Yes

[ Final Decision ]




Representation Strategy

AUGMENCON2 method
Sk
max —I— 10F-1
x,s p Z Tk

k=1, k#q

subject to: zgx(z) —sp =€k, k=1,...,p, k#q
Sk,=>0, k=1,...,p, k#q

r e X.

Has some drawbacks
1. Is very dependent on the computation of the Pareto front’s
bounds

2. When in more than two objectives, many redundant
computations are done

3. Representation quality is not considered

IMCDM2025, Coimbra | ©Ana Barbosa-Pévoa OpLog
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Representation Strategy - Proposed methodology i

= Grid-point based algorithm - GPBA-C

= g-constraint based method

0.04
p s 0.02

max < Zq(x)+p Z 10k 128 0.00 ¥
o k=1, k#q Tk - —0.02
subject to: zr(z) —sp =€, k=1,...,p, k#q T 004

Sk,=>0, k=1,...,p, k#q
r e X.

© Improved by:
= The algorithm skips redundant computations
= The algorithm is made independent on the quality of the Nadir estimation
= Refines the search grid within the problem’s feasible region whenever a grid step is skipped.

Mesquita-Cunha, M., Figueira, J.R., Barbosa-Pévoa, A.P., 2023. New €-constraint methods for multi-objective integer linear programming: a Pareto front representation approach. European

Journal of Operational Research 306, 286—307. %
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PF Decomposition Method

1. Elicit criteria preferences

1. Total order: All elements in the considered set are
comparable

o o
Ll Ll ses

2. Partial order: An ordering of the elements in which not all
elements are comparable

1. Create ordered sets of criteria respecting DM’s preferences
2. Define the ROI using constraints

Mesquita-Cunha, M., Figueira, J.R., Barbosa-Pdvoa, A.P., 2025, Decomposing the Pareto Front using preferences provided
by the decision-maker, under review
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Interactive Method

1. Select subset to analyse
7. Analyse solutions and define cones
2. Add cone dominated constraints

Y
D

3+ —e——
hh'-o. D AE
2+ A]_ Eﬂ s 7,

11717

1 | | I Mesquita-Cunha, M., Figueira, J.R., Barbosa-Pévoa, A.P., 2025, An interactive method for
multi-objective optimization: integrating preferences through convex cones, under review
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Design and Planning the Meningitis Vaccine SC

AVAILABILITY - Social Objective Function

Objectives’ definition:
* The sum of mortality and morbidity is

* Economic objective function reflected to as the “burden of disease”
and can be measured by a metric called
* Environmental objective function DALYs.

max PharmAccess = (F p?4¥ » ¥; )
* Social objective functions ‘ The higher the disease burden in a country

.'/‘ 4
l '4.’/ :

Decision

DALY
P . The higher the / Variable: Yo suruen
Identification of Constraints: o E ¥ 1.:;;ame pi e sncrony
M ial bal . l Entity related parameter: is installed A ApORT
* Material balance constraints R Tactor oF Bcetioe s
&8 SEAPORT
i I'lzln e Iocatrlon of enti lln st oncmDAl.Y S -

* Entity capacity constraints

Incidence rate of meningitis per 100 000 population in 2021
Nodata 0O 5 10 25 50 100 250 500 1000
I I

* Transportation constraints

DALYs : Disability Adjusted Life Years (rate
* Technology constraints per 100,000 population)

Duarte, I, Mota, B., Pinto-Varela, T., Figueira, J, Barbosa-Pdvoa, A.P., 2025. Multi-objective sustainable pharmaceutical supply chain design and Planning, under review
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Analysis

= Pareto front study

= Methodology assessment

= Three preference scenarios for the DM:
= Total order: NPV > Availability > Environmental Impact
= Hesitation regarding the first objective - Economic and Social: NPV~Availability > Environmental Impact
= Hesitation regarding the first objective - Economic and Social: NPV~Environmental Impact > Availability

= The DM is simulated through linear and Chebyshev value functions using weight vectors:
« w!=(0.7,0.2,0.1) and w? = (0.5 0.3,0.2) and w3 = (0.45, 0.35,0.2)
= Use the first PF to know the DM’s preferred point
= Stop when best solution is in the subset

IMCDM2025, Coimbra | ©Ana Barbosa-Pévoa OpLog
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PF and capacity allocated to F1
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PF and capacity allocated to F2 PF and capacity allocated to F3
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3-10° | 9 18-10° NPV
Availability

Availability

When maximizing the NPV , all production is allocated to factory F2 located in France and the suppliers chosen are the

ones located closer to this factory

As we progress along the trade-off between NPV and Envimpact, production in factory F1 |gcated in US increases.
However, this production does not exceed 36.5% of the total production level, being the remaining production in factory

F2.
To improve the social impact, it is necessary to install a new factory, F3, in Africa. this improvement is associated with a

gradual shift of production from factory F2 in France to factory F3 in Africa, while not producing at the US factory (F1).

®
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Results - ROI

We evaluate this in terms of computational efficiency and the number of solutions analysed by the DM
PF and ROI 2y = 23, 29 = 23 PF and ROI zy = 29, 23 &= 23
s PF

% «ROI zlP:,Fzg - zg.T" / oro1 2, %Pfg,. 2 - 23'1“ 7 | oROI.zl > zg,. 28 > 3
N TR CEL N L LT
S

1.78 . 10° 109
1-10° , "o

=

—1.4.10°

1.78 . 109
0° NPV

—Envimpact

—1.45.105|

3-10° , g0 18-1

1-10° 2
Availability Availability Availability
hesitation between the hesitation between economic and
environmental objectives
as the preferred objective

Total order scenario
economic and social criteria in the first place
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Algorithm Scenario Models solved |PF| CPU (s) PF decomp_osition
Represent. Method No Pref. Info. 169 133 344.51 (ROI)), P r(:‘VIdCe!S e;
—— Decompos. & Represent. Total order 24 18 93.10 — ,Slgm IC?” requction
Decompos. & Represent. 1st hes. - Econ. and Soc. 29 20 323.72 in PF size
+
- =
Decompos. & Represent. 1st hes. - Econ. and Env. 49 40 231.35 CPU reduction
Weight vector Included methods Iter. Nbr. Comp. CPU (s)
Interactive wl Represent.& Inter. 3 8 1146.23
method Decomp. & Represent. & Inter 1 4 460.15 Benefits of
w2 Represent.& Inter. 2 8 2091.19 using the
W1N'D\(+ N Decomp. & Represent. & Inter 2 4 459.87 — complete
Wg'évalllabmt); B w3 Represent.& Inter. 2 8 2077.71 framework
woLnvimpac
P Decomp. & Represent. & Inter 1 4 061.49 / are clear
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Importance of having an integrated framework allows a systems view to assess the impact of in supply chain decisions when considering:
= different options/decisions taken within the application of each indicator
= |mportance of a to the different supply chain
activities and total environmental single score
= Different social indicators can significantly influence supply chain structure

Further:
= Explore further uncertainty — not only on the problem characteristics (e.g. demand) but in the sustainability parameters — LCA and
Social Indicators

Importance of having a more comprehensive multi-objective framework, allow:
= analysis of the trade-offs and the impact of different decisions on the objective functions providing insights on the problem
= significant efficiency improvements were obtained regarding a posteriori analysis when using the PF decomposition with
representation methods
= there are significant efficiency improvements regarding interactive procedure when combining the whole methodology

Further:
= |ntegrate this process in a tool with an interface
= Study the scalability of this approach to more complex and larger problems

: ) ®
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