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Case study #1 
 
Prosciutto Cotto (Cured Ham) 

Elena     Yan    Stefano    
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FOOD SECURITY 

FOOD SAFETY SUSTAINABILITY 

WHICH IS THE BEST PRACTICAL DECISION ? 



Life cycle of prosciutto 



 Elementary flux  
 Inputs: 

Iron ore 

Crude oil 

Water 

Timber 

Solar 

energy 

Territory 
. . . 

 Outputs: 
Metals 

CO2 

SO2 

PM 

COV 
PO4 

NO3 

Pesticides 
. . . 

Single 

score 

Impact categories 

Global warming 

Ozone layer depletion 

Land use (biodiversity)   

Natural resources depletion  

Aquatic acidification 

Eutrophication 

Photochemical ozone formation 

Human toxicity 

Ecotoxicity 

 

…and more... 

Life Cycle Assessment 

Source: LCA course by Ralph 
Rosenbaum 



additives 

recycled material 

pesticides 

pharmaceuticals 

water –land use 

animal welfare 

health and safety 

food safety 

transport  

allergens 

nutrition 

specific needs  (mother/child) 
– diseases (e.g. oncologic – 

chemotherapy)  

contaminations / fraud  

 
Antimicrobial  

resistance 
 Metabolites 

 
Listeria, 

Campylobacter, 
Toxoplasm, E.coli,.. 

 Salmonella 

MRSA  
Conservatives 

 Salt 

bedsores 

 
Temperature / 

humidity  
 

plastic / paper  

 
Close house 

system 
 

 
Tail cut , bedsores, 

gastric ulcers .. 
 

waste/environm. 
emissions 

 
CO2 emission  

 



Integrated Food 
Security (extract) 



NEED OF RISK BENEFIT ANALYSIS 

Lancet Oncol 
2015, 
October 26 



 
HOLISTIC ASSESSMENT  

 
PATHOGENS -> DISEASES -> DRUGS 

Microbial 
resistance 

drugs 

health and 
safety 

Endocrine 
disrupters 
activity 

Nutrition 
(residues, 
allergies) 

Metabolites – 
fate and 
transport in 
the 
environment 



GDSI Transport studies  

• Transport demand: policies 
aimed to redistribute travel 
demand in terms of mode 
shares, space or time               
(e.g. Food case study: 
sustainability impacts of 
different (i) freight vehicle 
types, (ii) intermodal 
options, (iii) logistic chains, 
within the food production 
and consumption process) 
 
 
 
 

• Transport supply: 
infrastructural projects 
aimed to modify (improve) 
the transport 
infrastructure, in terms of 
quality or quantity        
(e.g. Cph Circle metro line, 
Frederikssund bridge) 

The underlying idea is 
to mirror transport 
demand and supply 
processes in a life-
cycle perspective 

Aim: to develop 
decision support tools 
for transport policies 
and projects 
evaluation  



Case study #2 
 
Protecting the Copenhagen 
Metro from floods 

Simona Stylianos Hjalte 

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://dk.linkedin.com/pub/simona-miraglia/47/205/125/en&ei=46ovVa2-C8qcyATjxoGgBg&bvm=bv.91071109,d.aWw&psig=AFQjCNEpaVnJsAhbA-gJZDiLyI1C53VPqg&ust=1429273703484299


1872 Baltic Sea storm flood 



Recorded high sea levels in Copenhagen 

Water level above 
normal sea height: 
• 1902 (154 cm) 
• 1921 (157 cm) 
• 2013 (168 cm, 

Bodil) 

The Metro 
closes at 
170 cm! 



To avoid in future 



Initiative 

 

Metro station’s protection 

 

 

Copenhagen 

 

 

 

Denmark 

 

 

 

Question: Is there an optimal solution? 

 

 

A private 
company’s 
primary 

interest is 
the economy 

The city wants 
to protect the 

whole 
neighborhood 

and not just the 
Metro station 

From a societal 
perspective 

environmental 
emissions are 

critical 



History of water levels 

Current 
level of 
protection 



Future water levels? 

Expected 70 cm 
sea level rise 
due to climate 
change 



Climate change 

 

Climate warming needs to be incorporated 

 Impact of climate change on flooding  

 Intensity, frequency and variability of flooding is likely to increase 

 Increased number of people affected 

  

Technical aspects 

 10,000-year event 

 Long technical lifetime 

 

Time of adaptation 

 When is the optimal time for action? 

 

 

 

 



Alternatives & Decision making 
 

Costs  

 Monetary 

 Society 

 Environment 

 

Definition of alternatives 

 

Characterization of Uncertainties 

 

Decision making – optimality (to whom?) 

 

Stakeholders 

 Metro company 

 Copenhagen municipality 

 Government 

 

 

 

sustainability 



Uncertainty quantification 

 

Flood  Water Level 

 

 

Reliable weather & hydrological data 

 

Extreme events & Low probability high consequences events 

 

Probabilistic modelling:  

 Better understanding of the phenomenon 

 Describe it in a more realistic way 

 Epistemic uncertainty 



Framework 
 
Decision making in Risk and 
Sustainability Assessment 

Simona 
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Fundamental aspects of any decision problem : 
 

The need to accomplish some objectives by allocating resources 

 

Availability of several alternatives, one of which must be selected 

 

Different consequences associated with the alternatives 

 

Uncertainty affects  the consequences of each alternative 

 

Consequences are not equally valued. 

Decision Problem  



Phases of Decision Process  

STEP1: Define Problem Structure 
Objectives, Attributes, Hazard Identification, System Boundaries, Alternatives 

STEP2: Assessing Alternatives and Consequences 
Prediction Models, Data Analysis, Quantification of the  Consequences 

STEP3: Assess Preferences of Decision Maker and Willingness to Risk 
Trade-off of the DM, Preferences, Discount rate  

 

STEP3: Choice of Decision Rule and Evaluation of Alternatives 
Cost-Benefit Optimization, Sensitivity and Uncertainty Analysis 

Framework 
Logic Structured Format/Procedure to Analyze the problem and solution 

alternatives before to take a decision 
  

What’s the 
question? 
System 
Boundaries? 

Options 

Preferences 

Ranking 



Direct Consequences 

Hazards 

Indirect Consequences 

 

RISK 

Decision  
alternatives Scenarios 

Impacts 
- LC Impact 

categories 
- Human health 
- Resource use 
- Life Safety 
- Economy 
- Social 
 

Cost/ 
Benefit 

Evaluation 
of 

alternatives 
 

SUSTAINABILITY 
COST/BENEFIT 
ANALYSIS 

Monitoring 

Mitigation 

Integration of Risk - Sustainability   
        Cost/Benefit Analysis 

Emissions/

Waste  

Climate 
Change 

Hazards 



Risk Assessment
(RA)

Focus:
Life Safety and health

Emissions to environment
Economy/costs

Integration
LCA / RA

Decision Support

Cross-cutting 
issues:

Data, scaling, 
metrics, 
scope, …

Harmonisation I:
• Basic research
• Data
• Methodologies
• Scope/boundaries
• Scenarios

Life Cycle 
Assessment (LCA)

Sustainability pillars:
Environment

Economy
Social

Harmonisation II:
• Uncertainty
• Results
• Reporting
• Applicability

Transport
Water management

Food
Complex technical systems

Natural disasters
Critical infrastructureSystem

Framework and Case studies 

Copenhagen 
Metro-Case 

Pig Products 






