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Topic of 
Research

 System Dynamics modeling

 Applying system dynamics on health caring & therapie

 LCA integration into PLM 

 Information visibility on ordering dynamics in a supply chain
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I. Introduction
Sustainability 
issues in the 
smartphone 
lifecycle
System Boundaries
Stakeholder -
influence matrix
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I. Introduction

Stakeholder -influence
ESG metrics and 
stakeholder impacts

7
Source: https://corpgov.law.harvard.edu/2020/09/14/the-stakeholder-model-and-esg/
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II. System Dynamics 
Method and Software



The System Dynamics Approach

 System Dynamics is a computer-aided approach for strategy 
and policy design.

 The main goal is to help people make better decisions when 
confronted with complex, dynamic systems. The approach 
provides methods and tools to model and analyze dynamic 
systems. Model results can be used to communicate 
essential findings to help everyone understand the system’s 
behavior.

 It uses simulation modeling based on feedback systems 
theory that complements systems thinking approaches. It 
applies to dynamic problems arising in complex social, 
managerial, economic, or ecological systems. System 
Dynamics can be applied to social, managerial, economic, 
ecological, and physiological systems.

https://systemdynamics.org/what-is-system-dynamics/

II.
System 
Dynamics 
Method and 
Software
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II.
System 
Dynamics 
Method 
and 
Software

iThink ®  and STELLA®

Powersim Studio VenSim®

Simulink

Simantics System Dynamics

StochSD StatSim
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III.
Dynamic Business 
modeling Framework



III.
Dynamic 
Business 
modeling 
Framework 
Research Process 
Business Modeling for 
Sustainability

Literature review of Business model for 
sustainability design tool (review of system 

approaches to design business model)

Identification of methodological 
limitations and requirements for 

Business model

Conceptuallization of dynamics of 
Business model

Application of Dynamic business 
model to smartphone case as an 

illustrative example

Critical ananlysis of business model 
effectiveness to overcome 

methodological shortcomings and to 
meet requirements for business 

model
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Value Proposition

Social value Economic Value Environmental Value

Key Stakeholders Strategic Resources Key Processes Customer Segment

OUTPUTS

PERFORMANCE DRIVERSCobalt supply for
MP Production

MP in use

LiB recycled from MP

increase MP lifespan

Cobalt Demand for MP

customer base

MP reuse

reduce extraction
cobalt from

new extraction

MP repair

cobalt used in EV & PC

Cobalt Supply

reduce raw material
demand

Cobalt recovered from
MP LiB

recover key raw materials

Garbage reuse

Garbage in use

new
phone produced

from new to reuse

Delay first use

new tech
( low, no-Cobalt)

key stakeholder
recycling branch

To garbage
from reuse

Delay 2nd reuse

key stakeholder
banks & investor

re-design,
enable reuse, repair

to Garbage
from in use

Delay Garbage

repair services

Flow 14

% of reuse

% of Discard

increase raw material supply

reduce MP Production

MP on the market

new material as
replacement

user experence
frequent SW update,

cloud tech
reduce HW wear & tear

Repair Delay repair

% or repair

recycle MP

SW continuous delivery

reduce HW Wear & Tear

LiB Recycle

Flow 3

% recycle LiB from
Garbage (in use)

% recycle LiB from
Garbage (reuse)

Lifespan

reuse /Repair rate

less key material extraction

recycle rate

Cobalt recycle

cobalt contained
in MP LiB

% Cobalt recovery

net income

reputation

Ebit

delay cobalt recycle

Revenus

Flow 5

Flow 6
delay for cobalt

Price

customer loss rate

cobalt used in MP (per Unit)

customer acquisation rate

delay Cobalt demand

high rate of SW update,
increased user satisfy

imporved value for money

Cobalt production

Flow 10

% Cobalt Supply
used in total MP production

delay flow 10

increased lifespan of MP

cobalt used in EV

Cobalt used
in PC

Flow 11

Flow 12

low raw material deponent or landfill;
recycle, low water/

air pollution,

lower CO² Emission

energy saving

Flow 13

EV production

PC Production

community development
& well-being

publich spending

working ocndition & fair
payment of employee

Children's school obligation

Minimum living gurantee,
child protection

less extraction

Operation Costs

delay Flow 13

Taxes

social investment

Key Stakeholder 2
SW Supplier

Key stakeholder 1
MP designer + Manufacturer

Key Stakeholder 4
Customer

Key stakeholder 5
Media

Key stakeholder 6
social enterprise

Key stakeholder 7
activist & NGOs

Key stakeholder 8
local communities

Key stakeholder 3
MP resaler & retailer
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III.
Dynamic 
Business 
modeling 
Framework 
Theoretical Basis

[E-LCA] + [S-LCA] +[LCC] = [LCSA] 
E-LCA: denotes the conventional environmental lifecycle 
assessment

S-LCA: represents the assessment of positive and negative social 
impacts along the product lifecycle

LCC (Life Cycle Costing), the assessment of economic impacts 
along product lifecycle, is necessary for an analysis, if cash flow is 
important. 

LCA

LCSA

Life Cycle Assessment tool can help determine impacts of products or 
systems over a range of environmental and resource issues. 

Life Cycle Sustainability Assessment refers to the evaluation of all 
environmental, social and economic impacts in decision-making 
processes towards more sustainable products throughout their life 
cycles. 
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IV.
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IV.
Case Study 
with 
Smartphone
Structure of one smart 
phone A

B

D

C

Plastic Housing

Display with cover

PCB with electronic parts

Battery

E Camera

Energy Transport Disposal
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IV.
Case Study
Selecting of a case 
study

 Smartphone’s ubiquity and global cooperation involved

 Application of Conflict and Hazardous Materials in Smartphones – Co.

 Human rights abused (Child labor) might be hidden in the Smartphone’s 
supply chain – material extraction

 Environmental impact extends through the Lifecycle of Smartphone
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Conflicts minerals like: 
tin, tantalum, tungsten 
and Gold (3TG) 

Co: Cobalt
Au: Gold
Ta: Tantalum 
Sn: Tin 
W: Tungsten 

https://www.pinterest.de/pin/664351382508494466/

IV.
Case Study
Selecting of a case 
study
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Source: The Atlantic, National Institute of Health, UNICEF, Amnesty International and Visual Capitalist as at Set. 2017

IV.
Case Study
Selecting of a case 
study
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V. Modeling  with 
Simulation Software 
Stella®



V. Modeling  
with Simulation 
Software 
Stella® 

 Identify Parameters 

 Building and Calibration of Model 

 Visualization and Simulation of Model 
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V. Modeling  
with Simulation 
Software 
Stella®
Identify parameters 

25

Reduce cobalt 
extraction from 

mines

Increase 
cobalt 

recovery 

Increasing 
smartphone 
recycle rate

Low-
cobalt or 

cobalt-free 
battery 
design

extending 
smartphone 

lifespan 

from spent 
cemented 
carbide

from spent
SP Li.B. 

Repair

reuse

SW. 
update

Reuse SP

Recovery Li.B. 
from discarded 

Phone

Recovery 
cobalt from 

Li.B.

Cobalt-free 
battery

Discard SP

SP: smartphone
Production of 
e-Vehicles

Production 
of PC

Delay of 
Reuse SP

Recycle 
rate

Parameter(s)
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V. Modeling  
with Simulation 
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VI. Conclusion and
Future Work 



Statistical analysis 
of empirical data to 
estimate structural 

parameters  

DBMfS can aid 
policymaker for 

sustainability‐related 
regulations

Real data from 
certain company vs. 
statistic data for a 

branch

both structural and 
non-structural data to 
strengthen findings  

understanding of 
issues of a product 
or industry branch

Increase number of 
parameters for 

Model-building & 
calibration

VI. Conclusion 
and
Future Work 

new perspective for 
investigation into 
complex systems 

using novel design 
& simulation tool
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