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Social Aspects in OR Models for Social Network Design

Introduction

Conclusion of Messmann et al., 2020 (https://doi.org/10.1016/j.jclepro.2020.120459)

How to quantify social impacts in strategic supply chain optimization: State of the art

Consequently, jobs created is the only consistently used indicator in optimization models for the quantification of 

decisions (followed by days lost, local development, and generic social scores)

→ Comprehensive set of applicable indicators needed

→ Need for a structured indicator selection process based on existing social frameworks

→ The Social Hotspots Database (SHDB) would provide an impact assessment method, similar to LCA endpoints

• Existing frameworks (e.g. UNEP’s SLCA guidelines, GRI Standards, ISO 26000) are rarely cited

• Articles that cite a framework use a higher number of social parameters per article than those that don’t, however…

• … employment creation is by far the most dominating aspect/goal (and often the only or primary one)
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1. Provide a reproducible and tangible approach for the selection of social indicators for a given application case

(here: strategic bioethanol production planning in the EU)

2. What are the benefits of optimal second-generation ethanol production network configurations to substitute petrol 

and first-generation ethanol, considering different environmental, economic, and social aspects?

R
G

> 5 taxation scenarios for economic profit

> 3 environmental damage categories

> 18 environmental impact categories

> X social aspects

Environmental benefits of large-scale second-generation bioethanol production in the EU: 

An integrated supply chain network optimization and Life Cycle Assessment approach

J. of Ind. Ecology 2020, https://doi.org/10.1111/jiec.13083

Feedstock type and amount per region

Feedstock transport mode and amount

Biorefninery location and production capacity

Bioethanol transport mode and amount

Bioethnanol distribution and substitution

https://doi.org/10.1111/jiec.13083
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Research approach and indicator selection

Method

Choice of suited framework(s)

Exclusion / selection of
operationalizable

indicators

2 Social Hotspots Database (SHDB)

= 25 subcategories
in 5 categories

social risks and ambiguous cause-effect 
relations

aggregated globally (input-output)

1Guidelines for Social Life Cycle Assessment
of Products and Organizations (GSLCAPO)

1

189 indicators in 5 stakeholder categories

− 112 too site-specific /no generic applicability

− 63 not affected by strategic network 

decisions and/or not applicable in the 
given case/ambivalent decision effects*

− 10 indicators redundant on aggregated level

= 8 indicators
in 3 stakeholder categories:

direct & distinct social impacts of decisions
within the system and spatial boundaries

2

Approach Realization of the approach
for the application case of a large-scale 2G EtOH production network in the EU

Formulation of distinct: 

Social Objective Functions (SOF)
&

Social Hotspots Functions (SHF)

3

Top-down matching of 
dimensions with SDGs 

Identification of 
Pos. & neg. impacts

5

Analysis of conflicts and 
congruencies between 

dimensions

4

1
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SOF1 Local employment

SOF2 Water use

SOF3 Living conditions

SOF4 Land/food conflicts

SOF5 Economic development

SOF6 Fair salary

SOF7 Health & safety (injuries)

SOF7b Health & safety (fatalities)

SOF8 Smallholder farming

Network perspective

Social Objective Functions (SOF)

3

Research approach and indicator selection

Method

Realization of the approach
for the application case of a large-scale 2G EtOH production network in the EU
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SHF1 Wage

SHF2 Poverty

SHF3 Child labor

SHF4 Forced labor

SHF5 Excessive work 

time

SHF6 Freedom of assoc.

SHF7 Migrant labor

SHF8 Social benefits 

SHF9 Labor laws

SHF10 Discrimination

SHF11 Unemployment

SHF12 Occ. tox. & 

hazards

SHF13 Injuries & fatalities

SHF14 Indigenous rights

SHF15 Gender equity

SHF16 High conflict 

zones

SHF17 Non-com. 

diseases

SHF18 Comm. diseases

SHF19 Legal system

SHF20 Corruption

SHF21 Acc. to drink. 

water

SHF22 Acc. to sanitation

SHF23 Child. out of 

school

SHF24 Acc. to hosp. beds

SHF25 Smallholder farms

Global perspective

Social Hotspot Functions (SHF)

3

Choice of suited framework(s)

Exclusion / selection of
operationalizable

indicators

2

Approach

Formulation of distinct: 

Social Objective Functions (SOF)
&

Social Hotspots Functions (SHF)

3

Top-down matching of 
dimensions with SDGs 

Identification of 
Pos. & neg. impacts

5

Analysis of conflicts and 
congruencies between 

dimensions

4

1
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Social objective function Generic formulation Example

1) Local Employment 𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒: 𝑫𝑽𝑟 ∗ 𝒋𝒐𝒃 𝒇𝒂𝒄𝒕𝒐𝒓𝑟 ∗
unemployment rater

unemployment rateEU27

DE2 (Bavaria): 0.30
ES6 (Andalusia): 3.02

2) Water use 𝐷𝑉𝑟 ∗ 𝑙𝑜𝑐𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑒 ∗
𝑤𝑎𝑡𝑒𝑟 𝑠𝑡𝑟𝑒𝑠𝑠 𝑙𝑒𝑣𝑒𝑙𝑟

𝑤𝑎𝑡𝑒𝑟 𝑠𝑡𝑟𝑒𝑠𝑠 𝑙𝑒𝑣𝑒𝑙𝐸𝑢𝑟𝑜𝑝𝑒

3) Living conditions 𝐷𝑉𝑟 ∗ 𝑙𝑜𝑐𝑎𝑙 𝑎𝑖𝑟 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 ∗
𝑒𝑥𝑐𝑒𝑠𝑠 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦𝑟∗𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝑟

𝑒𝑥𝑐𝑒𝑠𝑠 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦𝐸𝑈27∗𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝐸𝑈27

4) Land-food conflict 𝐷𝑉𝑟 ∗ 𝑙𝑜𝑐𝑎𝑙 𝑙𝑎𝑛𝑑 𝑜𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 ∗ 𝑦𝑖𝑒𝑙𝑑𝑟 ∗ 𝑐𝑎𝑙𝑜𝑟𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑤ℎ𝑒𝑎𝑡 DE2: 31400 kcal/m2a
ES6: 10300 kcal/m2a

5) Economic development 𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒: 𝐷𝑉𝑟 ∗ 𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 𝒗𝒂𝒍𝒖𝒆𝑟 ∗
𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎𝐸𝑈27

𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎𝑟

6) Fair salary 𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒: 𝐷𝑉𝑟 ∗ 𝑗𝑜𝑏 𝑓𝑎𝑐𝑡𝑜𝑟𝑟 ∗
𝑑𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑒𝑟

𝑑𝑎𝑖𝑙𝑦 𝑤𝑎𝑔𝑒𝐸𝑈27
∗
𝑝𝑜𝑣𝑒𝑟𝑡𝑦 𝑙𝑖𝑛𝑒𝐸𝑈27

𝑝𝑜𝑣𝑒𝑟𝑡𝑦 𝑙𝑖𝑛𝑒𝑟

7a) Workers’ health & safety 𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒: 𝐷𝑉𝑟 ∗ 𝑗𝑜𝑏 𝑓𝑎𝑐𝑡𝑜𝑟𝑟 ∗ 𝑎𝑣𝑔. 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑦𝑒𝑎𝑟𝑠 𝑙𝑜𝑠𝑡𝑟

7b) Workers’ health & safety 𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒: 𝐷𝑉𝑟 ∗ 𝑗𝑜𝑏 𝑓𝑎𝑐𝑡𝑜𝑟𝑟 ∗ 𝑎𝑣𝑔. 𝑙𝑖𝑣𝑒𝑠 𝑙𝑜𝑠𝑡𝑟

8) Smallholder Farming
𝐷𝑉𝑟

𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘
∗

𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑣𝑎𝑙𝑢𝑒𝑟
𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘

∗ %𝑠𝑚𝑎𝑙𝑙ℎ𝑜𝑙𝑑𝑒𝑟𝑠𝑟

𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑣𝑎𝑙𝑢𝑒𝐸𝑈27
𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘

∗ %𝑠𝑚𝑎𝑙𝑙ℎ𝑜𝑙𝑑𝑒𝑟𝑠𝐸𝑈27

Modelling the social dimension

Method
Number of jobs created by decision

Any decision variable (DV)
in region r

2.0%

6.6%
19.9%

6.6%

No product output is delivered → as no additional jobs are created (or even “substituted”)

Build the largest possible Biorefineries wherever allowed → due to biorefinery jobs and construction jobs

Source as much feedstock as possible from as far as possible → due to transportation jobs

Use the transport mode that has the highest specific job factor → due to transportation jobs

Social Objective Functions alone lead to completely unrealistic results

• E.g. SOF1: Created jobs weighted by regional unemployment rate

→ To force the model into certain boundaries, a large number of constraints are necessary.
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Economic

• Network concentrated on Central and 

Eastern European regions

• Smaller and more centralized network

• About 60.000 jobs created in the EU

Social

• Concentration of activities on regions 

with benefits for selected objective

• Economically strong metropolitan areas 

are significantly less focused than rural 

regions

• About 125.00 jobs created in the EU

Single objective optimization reveals conflicts between social and economic dimension

Results

Framework(s)

2

Approach

Analysis

Pareto opt.

Matching 
with SDGs 

5

Formulation

(SOF)

&

(SHF)

3

1

4

Economic (T3: Excise tax abatement 100%) Land use (M15)Global warming (M1)

Regional development (SOF5) Fair Salary (SOF6)Local employment (SOF1)

+58.8k
-5.5k
9,411

26 BRs
11 Mt47%

0%
1

1
% +114k

-11.7k
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0
%

23
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0
0

%
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27 Mt99% 7

2
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.1
%

2
3
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Feedst. sourced #BRs & cap. Jobs +/− total risk/tonne (over all SHFs)1G / FF demand substituted
0 kt > 0 kt ≥ 250 kt ≥ 500 kt ≥ 1,000 kt ≥ 2,000 kt ≥ 4,000 kt
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0% 11
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Economic vs. Social

• Profit and number of jobs created are not contradictory to a certain extend 

• It is possible to double the number of jobs created without strong decrease of the economic outcome

• Benefits in the ecosystem quality more then doubles from economic optimal to social optimal result

Multi criteria optimization reveals similar behavior of social and environmental dimension

Results

Primary axes: Pareto-optimal frontier

Secondary axis: Ecosystem quality
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All objective functions are matched

with SDGs to identify positiv and 

negative impacts.

SDG 8 Decent work and 

economic development:

• Job creation (SOF1)

• Profit (EC-t3)

• Regional Development (SOF5)

• Fair salary (SOF6)

• Health & safety workers (SOF7)

SDG matching shows that in many cases it is difficult to pursue one SDG without violating others

Results

Matching 
with SDGs 

Optimization towards

SDG

SD
G

3

SD
G

3

SD
G

3

SD
G

6

SD
G

7

SD
G

8

SD
G

8

SD
G

8

SD
G

8

SD
G

8

SD
G

8

SD
G

10

SD
G

11

SD
G

11

SD
G

12

SD
G

13

SD
G

14

SD
G

15

Zero hunger SDG2 +++ + ++ o ++ + ++ + + −− +++ + ++ +++ +++ +++ +++ ++

Zero hunger SDG2 o + o + + o + o o +++ −− o − o o o o o

Good health and wel l -being SDG3 +++ ++ + + + ++ + ++ ++ o o ++ + +++ ++ +++ +++ +++

Good health and wel l -being SDG3 ++ ++ ++ +++ +++ +++ +++ o − +++ +++ o ++ ++ ++ + ++ ++

Clean water and sanitation SDG6 + ++ +++ +++ − + − −− −− o o −− +++ + −− −− + +

Clean water and sanitation SDG6 o o − o + o + o o +++ +++ o − o o o o o

Affordable and clean energy SDG7 −− −− −− −− +++ −− +++ −− −− o o −− −− −− −− −− −− −−

Decent work and economic growth SDG8 ++ + + + + +++ + ++ ++ o o ++ + ++ ++ ++ ++ ++

Decent work and economic growth SDG8 −− −− −− −− +++ −− +++ −− −− o o −− −− −− −− −− −− −−

Decent work and economic growth SDG8 ++ + + + + ++ + +++ ++ o o +++ + ++ ++ ++ ++ ++

Decent work and economic growth SDG8 ++ + + + + ++ + ++ +++ o o ++ + ++ ++ ++ ++ ++

Decent work and economic growth SDG8 −− −− −− −− −− −− −− −− −− +++ o −− −− −− −− −− −− −−

Decent work and economic growth SDG8 − + ++ ++ o −− o −− −− +++ +++ −− ++ − − − − −

Industry, innovation and infrastructureSDG9 o + o + + o + o o +++ −− o − o o o o o

Reduced inequal i ties SDG10 ++ + + + + ++ + +++ ++ o o +++ + ++ ++ ++ ++ ++

Sustainable ci ties  and communities SDG11 ++ ++ +++ +++ − ++ − − − o o − +++ ++ − − ++ ++

Sustainable ci ties  and communities SDG11 +++ ++ + + + ++ + ++ ++ o o ++ + +++ ++ ++ +++ +++

Sustainable ci ties  and communities SDG11 ++ ++ ++ +++ +++ +++ +++ o − +++ +++ o ++ ++ ++ + ++ ++

Respons ible consumption and productionSDG12 ++ + + + + ++ + ++ ++ o o ++ + ++ +++ +++ ++ ++

Cl imate action SDG13 ++ + + + + ++ + ++ ++ o o ++ + ++ +++ +++ ++ ++

Li fe below water SDG14 +++ ++ ++ ++ + ++ + + + o o + ++ +++ ++ ++ +++ +++

Li fe on land SDG15 +++ ++ ++ ++ + ++ + + + o o + ++ +++ ++ ++ +++ +++
Li fe on land SDG15 +++ ++ ++ ++ + ++ + + + o o + ++ +++ + + +++ +++

Almost identica l +++
Very s imi lar ++
Partly s imi lar +
Neutral o
Confl ictory −
Very confl ictory −−
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