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Multi Actor Multi-Criteria analysis of emission abatement and energy efficiency measures in 
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Stakeholder integration for emission abatement in container terminals

Multi-Actor Multi-Criteria Analysis (MAMCA)

Emission Abatement Decisions in Container Terminals

Results and Discussion
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Stakeholder integration for emission abatement in container terminals
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Residents Ship operator/
Ship owner

Port AuthorityPublic interests

Port 
Operator

Stakeholder in Container TerminalsRoadmap to sustainable port operations

Use of MCDA methods useful for 
evaluating alternatives in terms of 
qualitative and quantitative 
criteria.

Identification, evaluation and 
selection of possible energy 
efficiency and emission abatement 
measures  proves to be 
multidimensional and complex
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Workflow: Multi-Actor Multi-Criteria Analysis (MAMCA)
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5. Analysis by means of e.g. 
PROMETHEE

6. Evaluation of results and 
sensitivity analysis

Source: Schär et.al. (2020)

Decision Problem Performance values Evaluation and analysis

Presenter Notes
Presentation Notes
Der 1. Schritt innerhalb der MAMCA-Methode ist die Problemdefinition und Festlegung von Alternativen. 

Im 2. Schritt bereits wird, entgegen zu anderen MCDA Methoden, eine explizite Stakeholder-Analyse durchgeführt. Das Ziel ist hier ist es ein tiefes Verständnis von beteiligten Akteuren sowie der speziellen Ziele jeder Gruppe von Stakeholdern zu erlangen. Insbesondere gilt es, Unterschiede in den Zielen der Stakeholder-Gruppen herauszuarbeiten. Eventuell werden in diesem Schritt auch neue Alternativen generiert.

Im 3. Schritt werden anschließend die Kriterien und Kriteriengewichte der bis zu insgesamt m verschiedenen Stakeholder bestimmt. Sowohl die Kriterien als auch deren Gewichtungen können zwischen den verschiedenen Stakeholdern variieren. 

In Schritt 4 wird für jedes Kriterium mindestens ein Indikator mit zugehöriger Maßeinheit konstruiert. Indikatoren können kardinal oder ordinal skaliert sein. 

In Schritt 5 wird für jeden Stakeholder die resultierende Entscheidungsmatrix aufgestellt und mittels der gewählten Methode ausgewertet. Prinzipiell ist hier der jede gängige MCDA Methode möglich, in der Literatur wird bislang meistens auf AHP, ELECTRE oder PROMETHEE zurückgegriffen. Durch Anwendung einer entsprechenden MCDA-Methode können die Alternativen in Schritt 6 schließlich bewertet und in eine Rangfolge gebracht werden. Ebenfalls kann eine Sensitivitätsanalyse durchgeführt werden, um die Stabilität dieser Rangfolge zu überprüfen. 

Schritt 7 umfasst die Gestaltung von Implementierungsstrategien der gewählten Alternative oder Alternativen. 
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The PROMETHEE II-Method
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Decision table A1 A2 A3
CO2- Emissions 6 10 8

Differences of alternatives

Difference

preference

A1 A2 A3
A1 0 4 2
A2 -4 0 -2
A3 -2 2 0

A1 A2 A3

A1 0 1 0,5

A2 0 0 0

A3 0 0,5 0

𝜙𝜙 𝑎𝑎 = 𝜙𝜙+ 𝑎𝑎 − 𝜙𝜙− 𝑎𝑎 =
1

𝑛𝑛 − 1�
𝑗𝑗=1

𝑘𝑘

�
𝑥𝑥∈𝐴𝐴

𝑃𝑃𝑗𝑗 𝑎𝑎 𝑥𝑥 − 𝑃𝑃𝑗𝑗 𝑥𝑥 𝑎𝑎 𝑤𝑤𝑗𝑗

With 𝑃𝑃𝑗𝑗 𝑎𝑎 𝑏𝑏 = 𝑃𝑃𝑗𝑗 𝑑𝑑𝑗𝑗 𝑎𝑎 𝑏𝑏 = 𝑃𝑃𝑗𝑗 𝑔𝑔𝑗𝑗 𝑎𝑎 − 𝑔𝑔𝑗𝑗 𝑏𝑏

a 𝑔𝑔1(⋅) … 𝑔𝑔𝑘𝑘(⋅)

𝑎𝑎1 𝑔𝑔1 𝑎𝑎1 … 𝑔𝑔𝑘𝑘 𝑎𝑎1

⋮ ⋮ ⋱ ⋮

𝑎𝑎𝑛𝑛 𝑔𝑔1 𝑎𝑎𝑛𝑛 … 𝑔𝑔𝑘𝑘 𝑎𝑎𝑛𝑛

Input: Decision table, weights Apply preference function to differences Aggregate preference indicators



EURO 2022, Espoo
Erik Pohl, Chair of Business Administration and Production Management, University Duisburg-Essen

General structure of container terminals
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Source: www.porttechnology.org
Source: Steenken et al. 2004

Schematic layout of a terminal Container ship with terminal and yard

Presenter Notes
Presentation Notes

Mehr als 70 Prozent aller rund um den Globus transportierten Stückgüter sind heutzutage in Containern verpackt und nahezu jedes per Seefracht transportierte Stückgut wird heutzutage per Container überführt. Container in genormten Größen (man spricht hier von Tenty-foot equivalent units) bieten zum einen Schutz gegen Witterung und vor Diebstahl, vereinfachen zudem aber auch Be- und Entladeprozesse. 

Die Umschlagprozesse finden zum einen kaiseitig von und auf die Containerschiffe statt und zum anderen landseitig zur Be- und Entladung auf die Transportmittel LKW und Zug. 
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Measures

Solar 
photovoltaics

Specification

• Installation of photovoltaics on the roof of the administration building.

• An LNG-fueled generator located in a mobile container allows vessels to 
switch off their auxiliary engines while the ship is docked. 

• It can deliver a power supply of up to 30 MW.

• Vessels at berth use shore power instead of relying on electricity generated 
by the vessels' own (auxiliary) engines

• the actual GHG emission reduction potential depends on the grid's 
electricity generation mix

• Use electric horizontal transportation equipment at the terminal.

Selected Energy Efficiency Measures in Container Terminals

LNG power pack

Onshore power 
supply

Full electric 
propulsion

Photo by Sungrow EMEA on Unsplash

Photo by Kalmar: Fast Charge SC

Source: Pohl et. al. 2020
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Sustainability Assessment Criteria at the CTT
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Goal SDGs Sub goals Criteria and unit of measurement
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Ecological

Economic

Social

Technical

Energy savings [kWh/a]

Reduction of global warming [CO2-e/a]

Reduction of particulate matter [PM10-e/a]

Reduction of terrestrial acidification [SO2-e/a]

Reduction of photochemical smog [NMVOC-e/a] 

Investment [€]

Amortization [a]

Net present value [€]

Operating costs [€]

Waterside productivity [%]

Image promotion [Points]

Employee acceptance [Points]

Implementation Effort [Points]

Source: Pohl et. al. 2020
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Stakeholder Weights at the CTT
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Port Operator Staff CTT Port ConsultingCriteria and unit of measurement
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Energy savings [kWh/a]

Reduction of global warming [CO2-e/a]

Reduction of particulate matter [PM10-e/a]

Reduction of terrestrial acidification [SO2-e/a]

Reduction of photochemical smog [NMVOC-e/a] 
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Net present value [€]
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Performance Values
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Life Cycle Assessment Simulation model of the CTT Financial Accounting and expert interviews

Goal and Scope Definition

Life Cycle Inventory Analysis 
(LCI)

Life Cycle Impact 
Assessment 

(LCIA)

Interpretation Image promotion [Points]

Employee acceptance [Points]

Implementation Effort [Points]
pre-sustainability.com
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Results – Port Operator: Outranking Flows
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Results – Port Authority: Outranking Flows
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Results – PROMETHEE: GAIA-Plane
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LNG Power Pack
Onshore-Power Supply
Full Electric SC
Hybrid SC
Speed Controlling
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LED Floodlights for STS
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LED Floodlights
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GWP
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Net present value
Investments
Operating costs
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Implementatio effort

Image promotion
Decision Stick

Port Operator

Net present value

Waterside productivity

PM10

SO2
NMVOC

GWP
Energy-Savings

Image promotionInvestments

Implementatio effort

Operating costs

Port Authority

Staff CTT

Port Consulting

Employee acceptance

Amortization
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Results – PROMETHEE: GAIA-Plane
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Results – Multi Actor Analysis
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Chair of Business Administration and Production Management
University Duisburg-Essen
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Evaluating cost-reduction potentials in electrically powered container terminals by using Energy Demand Side Management
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Energy Efficiency Measure`s Performance Values
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Measure/Criterion

Solar Photovoltaics

Energy-
Savings 

GWP PM_10 SO2 NMVOC Amortization Net 
present 
value

Investments Operating 
costs

Waterside 
productivity

Implementatio 
effort

Employee 
acceptance 

Image 
promotion 

0,00% 2,21% -0,24% 0,25% -0,03% 4,37% 35,98% 5,45% -5,57% 97,14% 62,50% 100,00% 75,00%
LNG Power Pack 0,00% 90,39% 94,61% 100,00%71,18% 7,21% 34,87% 24,37% -549,59% 97,14% 87,50% 66,67% 75,00%
Onshore-Power Supply 62,74% 68,61% 59,69% 58,90% 60,38% 100,00% -821,38% 100,00% -1217,54% 97,14% 100,00% 33,33% 100,00%
Full Electric SC 100,00%100,00%100,00%93,02% 100,00%100,00% -107,37% 16,89% -22,37% 97,14% 100,00% 66,67% 100,00%
Hybrid SC 23,69% 29,02% 18,65% 15,79% 17,24% 2,78% 100,00% 8,45% 100,00% 97,14% 25,00% 100,00% 75,00%
Speed Controlling -0,01% -0,02% -0,01% -0,01% -0,01% 1,00% 1,70% 0,00% 1,87% 92,33% 25,00% 33,33% 50,00%
Eco Driving 2,00% -0,53% -0,45% -0,45% -0,46% 3,81% -0,20% 0,03% 0,00% 96,44% 25,00% 33,33% 50,00%
Pooling 4,08% 0,10% 0,06% 0,06% 0,06% 1,57% 26,10% 5,32% 80,65% 100,00% 62,50% 33,33% 50,00%
Idle Reduction 0,24% 0,04% 0,01% 0,01% 0,01% 1,00% 4,50% 0,00% 74,11% 97,14% 25,00% 66,67% 50,00%
LED Floodlights for STS -0,01% -0,07% -0,07% -0,04% -0,03% 7,19% 0,45% 0,93% 2,12% 97,14% 37,50% 100,00% 50,00%
STS Eco Driving -0,35% -2,13% -1,32% -1,31% -1,25% 100,00% -0,22% 0,12% 0,00% 95,97% 25,00% 33,33% 50,00%
Electric Spreader 0,33% 0,96% 0,14% 0,14% 0,18% 100,00% 6,98% 2,49% 13,42% 97,14% 25,00% 100,00% 50,00%
LED Floodlights 3,07% 4,69% 0,93% 1,09% 0,68% 3,14% 21,31% -3,10% 62,18% 97,14% 37,50% 100,00% 75,00%
Adaptive Lighting Buildings 0,44% 0,71% 0,18% 0,19% 0,12% 0,00% -0,19% 0,31% 1,40% 97,14% 50,00% 33,33% 50,00%
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