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Cities are layered with
interacting teams

Elected officials
Specialized officials

The Glue?

The Executors

4,022 employees in 17 Departments
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Smart city applications are evolving as seen in
Heiljman'’s rural development in Maanwiik,
Luesden, Netherlands
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INCOSE
Smart City
Definition
provides
evaluation and
comparison
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A smart city is capable of

Smart Cities

Initiative

identifying its problems and

mitigating root causes

by generating and processing

engineered quality data in a
continuous and inclusive manner.
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Smart Cities
Initiative

SUBSISTENCE

Fundamental
human needs
are the basis for
a Smart City’'s e HUMAN
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Christian Neureiter, PhD

Application of Architecture
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An Engineer’s Perspective on Developing System-of-Systems

Developing Smart Cities
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The Challenge: A System’s Perspective

Smart City as Cyber-Physical System

» |ntegrations of computation with physical
processes

= Embedded computers and networks monitor and
control the physical processes (...) where physical
processes affect computations and vice versa.

Challenges

= Need for dependability
= Increasing Complexity
» |nterdisciplinary Collaboration
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dynamic, alterability

A

dynamic, complicated
system

complex system

simple system

Massively interconnected,
complicated system

NN

o7

www.incose.org/symp2024 #INCOSEIS

diversity, variety, scale

11



The Challenge: A System’s Perspective

Smart City as System-of-Systems

= QOperational independence of elements = : ,_MLMMMMLM /

= Managerial independence of elements g’ / ™
= Evolutionary development ? 0 /

=  Geographical distribution of elements g s JV’/

= Interdisciplinary study 2

= Heterogeneity of systems
= Networks of systems
= Emergent behavior

12

2 14 18
Uhrzeit

| could ask
for
flexibility...

| charge
when energy
is cheap...
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How to build a house?

Architecture Description Architecture Development
Architecture Model CAD Reference Customized
Views Kinds Tools Architecture Solution
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Example: Generic Modeling Stack

Domain Model

=  Application Domain
= - Involve Stakeholders

Architecture Model

=  System Architecture
= - Decompose Systems

Design Model

= Detailed Design
= - Develop Components

2-6 July 2024
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Smart City as “System-of-Systems”

Smart City as System-of-Systems

= |ntegration of different Systems
= Integration of different Domains Smart City
= |ntegration of different Models 2

Hypothéses: Smart Grid \
A ~ ‘ Industry 4.0
« When Systems shall be ‘ﬁ
interoperable, N Automotive ’

Models need to be as well » i
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My Position

= Smart Cities represent System-of-Systems

» They are challenged by complexity,
interdisciplinarity, dependability

Smart Grid
“If we want to be able to develop

dependable Smart Cities, we need to find :

(1) trans-disciplinary engineering
approaches and
(2) trans-disciplinary modelling concepts

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS

Automotive

Smart City

Industry 4.0
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Martin Serrano, PhD

Application to Policy
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Smart City
A Data-Driven
Society

Data is produced
everywhere,
everytime by
Everyone
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#SmartCityCulture in Place #Global
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SmartCity Multiple Views

Services and Infrastructure

SMART CITY INFRRSTRUCTURE

Customer Premises Payload Switches

Equipment (CPE) 88 VinustNetvork Eements gy /997092t Switches

Smart Public
Services

Smart Data
Center

Smart Energy

Smart Water Smart Buildings

Smart Grid

Srmart grd asset

EV Charging
Infrastructure &
Supervision

Plant& Network
Energy
Performance

Efficient Data
Centers

Multiple
Disparate
Buildings Mgt

Public Safety
> Vide

Data Utilty Controller (DUC)

mat
> Smart generation

Surveillance

Derman side mat Services
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Traffic Mgt
= Ciy Trattic
Microgrid > Higway WWater High-
Distribution f'“as:‘sf"eﬁf performance
Tunnel e aomon® e Builaings Efsfapncsiad Customer 5

Loss Mgt
District 9! Data Centers
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it

Management
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Tolling

Storm water Mgt
Management

& Urban
Flooding

Flexible

Gas Distribution Buildings
Mgt

Infi t =
Railway Mgt e BUC Rl

Sphvices

Shore connection EfficientHomes

Airport Solutions Inigation Mgt

City-wide Platforms

> Energy & Sustainabilty Resource mgt
> Urban Efficiency Platorm

> District Energy Mgt Information System

CSO Self Care Portal

Smart Integration

Cross domains application
> Weather

> GiS

> Assetmgt

. u Smart Health
Connecting patients' terminals,
nursing stations, examination

Citizens & Technology

= Smart Transport
Computers and platforms are
communicated via GPS, Wi-
Fi, RFID and OBD-Il to remotely
manage the client devices, and
collect.

room, emergency medical
services, PACS and HIMSS
systems.

= Smart Retail
Automatically check the inventory
and real-time sale status and
monitor Informutlen through the

i

#OpenData

smart
citizens

Data Collection

Store, Process, Analyze

Data Openness & Interoperability

Complete Smart City Solution

smart health

smart mobility

Policy & Good Government

&

= Smart Factory
Intelligent machine vision systems
and remote control platforms
are deployed in an unmanned
manufacturing.

= Smart Home
RFID, Zigbee, Bluetooth, wireless
sensor tags are connected via
cloud gateway with your handheld
devices for remote control.

u Smart Fitness
Smart Fitness Solution provides
customized fitness equipment,
rehabilitation equipments, club
front desk and back-end office
management.

smart security
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#Smartclty PrOblemS TOday All Smart cities try to replicate others x

A Smart City J

must feature its

...multiple generic KPI's B Characteristics

(Smart Cities defined by KPIs Today) :;‘;fr't"gge;tr;'jgy 3 Cd

Infrastructure - City Action Plan
- Digital Strategy
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|
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Services and Infrastructure

Ecosystem 1 Ecosystem #n
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o=t Frameworks — Conceptual Structures for Collective Understanding

Stan dad s an dTechnoIogy
U.S. Department of Commerce

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
{ Smart Grid>
1

(Cloud Corpputlng

el e cybersecurlty

* Frameworks are documented conceptual structures that
organize and make clear collective wisdom (vision,
principles, underlying“structure, functions, requwements)

Cyber-PhyS|caI Systems

« Frameworks are created with technical expertise througha @ | — P — - F 0 - - - - e e - - - - -
consensus-based process involving all relevant

stakeholders IoT Enabled Smart City Framework

- Representing a range of perspectives, viewpoints, intérests, @ ~— _ ~» ~—~ ~~~ -~~~ ====== =777 =77 =7=¥=7>¥=7==/ "7~
communities of practice, processes, and policy objectives

Smart Grld Stakeholder Conference 2009



#Smart Cities Cluster #lreland

—_— o ‘/ Measurements
j : ' 5 v~ View
. l . @ @ v~ Vision
(& JEE A1 N v~ Expertise
o B ry v~ EXxperience
v~ Technology

v~ Plan
T | V4 Roadmap
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#Measuring Smart #Data Services

Smart Cities needs new Methodologies to Use Collected Data then
Understand Real Needs and Produce Economy Benefits

Measuring ‘Smart’ in 'Smart City’

Smart = Efficient use of digital technologies to provide prioritized
services and benefits to the community.

Number of digital services & benefits

a _.5-4
Efficiency in implementation, including dual _

use . \ = @ .
Lm'_ CC‘:)"“E-:
i i i o0 Urc~ pun ¥ ¥ e W, ncoohnnl
ooo — gooo
noo an
S \ /l
. (

Quality of services and benefits T

Alignment with community priorities
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#Key Performance Indicators #Holistic-KPlIs

Holistic KPI — Key Performance Indicators View

Servnces and Clty Infrastructure HolisticKP| Smart City

og GLOBAL CITY
°50 TEAMS CHALLENGE

Technology Driven KPIs for Smart City Ecosystems KPIs for ease Maturity Assessment

Smart City 1 Smart City #n Next Generation Smart City
™~
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Holistic KPI — Key Performance Indicators Measurement

Environment/ Economic Health/ Personal EQUItable
inabili Safety/ Cost Opportunity/ NIST Special Publication 1900-206
level3  Sustainability Growth/ Well-being . Sl i '
Jobs * \ Security g  YoOR55 Others Smart Cities and Communities: A Key
' - , , . : ) Performance Indicators Framework
Smart City/Community Services Platform(s)
y f B A t « s Martin Serrano
' Business/ , - / " Others D Wl
4 A d Waste : Law Enforcement d Michacl Dunaway
Level 2 : din Resident : yee il
Energy, Transportation  Buildings Management  Seryices Education Emergency Response oo R
Smart CitY/community IOT PlathTm(S) This publicali(.:g is a\'a?lable fmc of charge fr(im:
level1  Sensors Networks Data Computation Cyber-Physical Privacy " Others CYBER-PHYSICAL SYSTEMS
i Wireless Storage Enterprise i |denti
Traffic i 8 p Security fy
Noise WiFi Access Cloud Cybersecurity Govern
Air Quality 56 Fusion Fdge Physical Security Eontrol .
Other Wired 0 Other ommunicate
ther :
IP Hybrid Protect N,ﬁ[}!ml%l:
Other O Do 5 oo
Smart Cities and Communities: A Key Performance Indicators Framework | NIST

U.S.DEPARTMENT OF COMMERCE

NlSl'fQ%‘XL%’X%&‘iL‘E‘%E‘EﬁEOLOGV https://'www.nist.gov/el/cyber-physical-systems/smart-americaglobal-cities
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https://www.nist.gov/publications/smart-cities-and-communities-key-performance-indicators-framework

Level 3

Level 2

Level 1

Use Case #1:

Smart Connected Infrastructure (Smart Building)

Envirgnmgpt/ Economic Health/
Sustalr]ablllty Growth/ Well-being
Jobs * :

Personal
Safety/
Secu‘rity

|

Smart City/Community Services Platform(s) | | | |

Savings
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Access ” Others savings Being Quality |,

4 Cg ‘ Ch-Ci 4

& Path, Path,, Path,. Path,

C-ck 4 a 4 I

) Smart City/Community Benefits Platform(s)

v f 4 A \J
: Business/ > * Others
Cd-Ce 4 f
. “ 4 Waste Resident _ Law Enforcement/ A ¢ o A b10
Energy, Transportation  Buildings Management  services Education Emergency Response . 1 I.
& N A } ) 4 p Traffic Building Air
Path, . "
Smart City/Community loT Platform(s) Map Energy Quality Pathy
v & " " R - . D12 Management Management
T D4-6 4\ CaCb4 g A
& , \J v " Path,, Pathg Path,
. . . L Path;
Sensors Netvv;g)rII(s Data Computatlgn Cyber-Physical Privacy Others e e DS e
Traffic IrI?P\eASIZN Storage Enterprise Security Identify e K
Sensors -
Noise - Access Cloud Cybersecurity Govern *
WiFi | HVAC Energy / LPWAN
Air Quality 5G Fusion Edge Physical Security Contro _ Humidity WiFi
Other Wired oth Other Communicate Temp 5G
|Ph er Hybrid Protect ;ar.ticulates ; / IP
Other oise Network
= —{ Traffic
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Smart Cities. and~Communities: A Key Performance Indicators Framework | NIST

NIST|

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S. DEPARTMENT OF COMMERCE

https://'www.nist.gov/el/cyber-physical-systems/smart-americaglobal-cities
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Use Case #2: Smart Connected Human (Fitness Tracking)

Health/ Fitness Tracking (FT) n r
Cost . ; ; i
Savings Wc?ll Fitness Tracking Level 3 Enabled Moni Resp
Being Community Task Execution onse
T 4 T Benefits i 1 t
ad Monitor : Response
Services Platform 2 n Monitors the heart DADIISFt)hIalyn Sends the alert to
A S c rate, temp., over g’s tahyes tr:cs; di§play on the
A o O the 24-hour displ device and to the
Qs ; isplay ‘
0 T Gateway Gateway Gateway
2 =
Health Motion tracking Level 2 o5
management Infrastructure 1S} g
Services S . ~
- 4 Gateway Gateway
s Sensors Commun
_.g g External (GPS, etc.), -ications
Sensor Data Platform 5 © ra'{:ﬁ;’;i‘{é:i';) Wi-Fi, zlttéetooth,
3S .

Net k

Heart rate (optical) m Level 1

Temperature Wi- F| Technologies ) )

Gyroscope LTE/5G Device/Environment 1 \

Accelerometer Functions
GPS Bluetooth

Smart Cities. and~Communities: A Key Performance Indicators Framework | NIST

NATIONAL INSTITUTE OF

lerfmmsmmmom https://'www.nist.gov/el/cyber-physical-systems/smart-americaglobal-cities

U.S.DEPARTMENT OF COMMERCE
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©
NIST === 2T e
U.S. Department of Commerce Technolo 9yLab atory

G‘Iobal Corg‘ n|ty Technblpgy Challenge

J:/\

- wﬂ

M -

il .
S

o

TECHNOLOGY DATA DECISIONS DECISION

MAKING INTEGRITY

Evolution of the-concept and dimensions of the Smart City
2014

2023

NATIONAL INSTITUTE OF

lerfﬁygg;g?g;\g%{ggm':g;ggv https://'www.nist.gov/el/cyber-physical-systems/smart-americaglobal-cities
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National Institute of .//

ooooooooooo
N Standards and Technology CTL Techn ‘; Igy Laboratol ry

Department of Commerce

G‘Iobal Co » munlty Technblpgy Challenge k

NIST GCTC Gmdlng Prmmples

Open Source / Open Standards / Open Access
. Cities and communities as complex adaptive systems
Holistic understanding of the “Smart” city/community

Focus on measurement of outcomes and success

w s woN e

. CGitiesas both testbed and end-user of NIST R&D
lerfgizﬁﬁﬁgﬂﬁ%ﬁ;g@ https://www.nist.gov/el/cyber-physical-systems/smart-americaglobal-cities
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©
National Institute of // ooooooooooooo
Standards and Technology CTL Technology Laboratol ry

U.S. Department of Commerce

G‘Iobal Corg n|ty Technélpgy Challenge/
;' ';- : < fi )_g‘ / \

N
-

S . ;b TN AR L T e N\ e B
~ 7 x e - ; : o 2

“

GCTC Prlorltles for 2024-2026

Goal 1: Establish a research-based, scientific foundation for GCTC and the NIST Smart Cities
Infrastructure program, with emphasis on public safety/health, resilience and sustainability.

Goal 2: Broaden the definition and agenda for Smart Cities to address cross-cutting challenges
and achieve a more equitable distribution of outcomes to communities and residents.

Goal 3: Develop the GCTC as the federal agency partner in a national public-private
partnership dedicated to integration of advanced technologies for cities and communities.

NATIONAL INSTITUTE OF - . - mgn
lerfﬁg%\ggggggm{ggm;ggv https://www.nist.gov/el/cyber-physical-systems/smart-americaglobal-cities
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UNITED STATES
GOVERNMENT
NATIONAL STANDARDS
STRATEGY FOR

CRITICAL AND
EMERGING
TECHNOLOGY

MAY 2023

BE An official website of the United States government Here’s how you know

U.S. Government National /\

* Standards Strategy for Critical
and Emerging Technology

. ®

U.S. Government National Standards Strategy | NIST
https://www.nist.gov/standardsgov/usg-nss

“Specific applications of CET that departments and agencies have
determined will impact our global economy and national security. The
United States will focus standards development activities and outreach on
these applications, which include:

« Automated and Connected Infrastructure, such as smart
communities, Internet of Things, and other novel applications

« Automated, Connected, and Electrified Transportation, including
automated and connected surface vehicles of many types and
unmanned aircraft systems, electric vehicles (EVs), along with the
safe and efficient integration into smart communities and the
transportation system as a whole ... “
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https://www.nist.gov/standardsgov/usg-nss
https://www.nist.gov/standardsgov/usg-nss

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE

Smart Cities and

NIST

Communities Resource
Documents

NIST Website | About NIST | | usnistgov on Githu

NIST Special Publication 1900-206

Smart Cities and Communities: A Key

NIST Special Publication 1500-201

International Technical Working

o GLOBAL CITY

o GLOBAL CITY

Performance Indicators Framework Framework for Cyber;::ty:ri:z! G rou p on . TEAMS TEAMS
Volume 1, Overview loT-Enabled Smart City
Framework

SMART AND SECURE CITIES AND COMMUNITIES
CHALLENGE (SC3)

Cyber-Physical Systems Public Working Group
This publication is available free of charge from Smart Grid and Cyber-Physical Systems Program Office
itpsy/doi ory/L0 6028 NIST SP. 1900-206 Engineering Laboratory

A Risk Management Approach to Smart City

This publicaton i avalabe fee of charge from: Cybersecurity and Privacy

CYBER-PHYSICAL SYSTEMS https://doi.org/10.6028/NIST SP.1500-201

A Guidebook from the

in Connected Communities

An Initiative of the Global City Teams Challenge

Blueprint for Smart Public Safety

Cybersecurity and Privacy Advisory Committee July 10, 2019
(CPAC) Public Working Group
NIST
Standards ond Tochnology Sonaend o ey July 2019
U.S. Department of Commerce
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U.S.DEPARTMENT OF COMMERCE
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Michael Dunaway;-PhD

Smart Connected Systems Division
Communications Technology Laboratory
National Institute of Standards and Technology
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Insight SFI Research Centre for Data Analytics www.insight-centre.org

NIST International Associate Advisor/Contributor
(9 Washlngton DC Area, USA2020 | Scientific Research & Innovation
i ) Agenda for Europe =

50 Best Smart City Award
NIST GCTC Smart Cities | 2018

~ 4 25 ke le infl ing th
IEEE ComSo e Y peoplie intfiuencing the
Emerging Technologies Cha Cthmcal Coordinato internet of things
Sub-Committee Internet of Things loT Experimentation by John Kennedy

© 2015 @

[ SMART 50 |

Centre For
Data Analytics

Irish and Ireland-based leaders, scientists and

Silicomrepublicc  [technologists are putting the country on the global map

in terms of the internet of things (IoT) revolution.

University Guest Lecturer, | 2015
Silicon Valley, USA

R+D+| Advisor, Dew Mobility, Fremont, CA USA

Best Practices and Success Stories
of EU Funded Projects

m
=

Research Excellence
President's Award

Martin Serrano, PhD

W weish

loT & Stream Processing Unit Head = Sibec Nominee SFl, Ireland
Chair IEEE ComSoC loT Experientation 2014
NIST International Associate, USA Industry
= = = loT Scientific Director, Galway, Ireland | MIT-loT Hackaton
TOP 1% | NUIG-National University of Ireland | loT Best_ Industry Solut.ion §
| Irish Software Association | [oT Media Lab, Cambridge, Ma. U O sLackouc
OF UNIVERSITIES Software Industry Awards outstanding e —
WO;VLSEVCBE Academic Achievement Nominee, Ireland 2013 _ DRP(E)PBS&LIJ%CSE
: Industry | WIT-Waterford Institute of Technology
g §| =BRANKINGS NATIONAL Panasonic | Cloud Computing & Semantics THEYEAR

Researcher, Ireland

2017 Insight Centre for Data Analytics Gabway. Al rights reserved. Kumamoto, Japan
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Ray Barton, PhD

Application of Standards
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Outline

* |ntroduction to IEEE Smart City Standards
* Overview of System Adaptabillity
» Adaptable City Planning in IEEE Standard

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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Section 1

Introduction to IEEE Smart City Standards
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IEEE Smart City Planning Standard P2784

The IEEE Guide proposes a citizen-centric framework that aims to help city authorities to make

decisions with human needs in mind.

Changing Engineering Environment

Engineering Engineering
in in the
the past present

Technical Focus Multidisciplinary
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Additional related standards:

IEEE P1950.1 Standard for Communications Architectural
Functional Framework for Smart Cities

IEEE P1951.1 Standard for Smart City Component Systems
Discovery and Semantic Exchange of Objectives

IEEE P2413.1 Standard for a Reference Architecture for Smart City
(RASC)

IEEE P2784 Guide for the Technology and Process Framework for
Planning a Smart City

IEEE P2850 Standard for an Architectural Framework for
Intelligent Cities Operation System

IEEE P2872 Standard for Interoperable and Secure Wireless Local
Area Network (WLAN) Infrastructure and Architecture

IEEE P7803 Guide for the Technology and Process Framework for
Planning a Smart City




Current Thinking New Thinking

A smart city is a city with all problems solved
Humans are beneficiaries of a smart city
Technologies make Smart cities

Big data is critically important for all decision

making for Smart cities
A city has its own Mission

The city government guarantees rights of city
residents

The City must satisfy the needs of its residents

A smart city is a city capable of promptly identifying its
problems and the root causes and mitigating the root causes

Humans are designers, inventors, developers, and
beneficiaries by generating knowledge for Smart cities

Humans develop technologies that support human activities
aimed at building smart cities

Big data is important, but it is not enough. To make fast and
accurate decisions, the city needs engineered quality data

A city has a Mission reflecting the common needs of the
humans in the city and the mission is evolving over time. This
is what adaptable city planning must consider.

The rights of city residents are guaranteed by services
provided (or actions performed) by the stakeholders within the

city government

A city must create an environment enabling its residents to
satisfy their own needs
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Section 2

Overview of System Adaptability
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System Adaptability Definition

* To adapt means “to make fit (as for a new use) often by modification”
(Merriam-Webster,.)

* The term is traditionally used in natural ecosystems as the "modification
of an an organism or its parts that makes it more fit for existence under
the conditions of its environment” where the conditions can be either
positive or negative.

« “System Adaptability” is a system’s ability to satisfy mission and
requirement changes, with or without modifications.

Note: Resilience is ability to stand up for now against negative events. Adaptability is ability to flex in future for both
negative and positive events.
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Three Fundamental Factors

Comparing adaptability among different systems relies on three fundamental factors:

 Mission and Requirement Evaluation Space (MRES)

— Common development practice assumes each requirement is for current needs and is often subject to
budget constraint perceptions. MRES differs in that it uses systems thinking (see Systems Thinking) to
project into the future and identifies requirements with high risk of change. They are potential needs that can

optionally be considered.

— MRES is a collection of current needs (i.e. requirements and missions) and optional potential needs. These
projections into the future offer valuable information when designing for adaptability.

 Design Space

« Acollection of different possible system designs is called the design space or trade space in which tradeoff
studies or trade studies are performed to pick the one that will be implemented.

« Switching Cost

— If adapting the system requires modifying it, the ease of modification indicates the degree of adaptability.
The cost incurred of switching from one system design/state to another design/state is called the switching
cost which is a good indicator of how difficult it is to adapt.
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https://sebokwiki.org/wiki/Systems_Thinking

An Aircraft Engine Example

Missions/Requirements

Switching Costs

SWCost(3,6)
Missions 1 2 3 4 5 6 —_—
Takeoff Gradient | low low low high high high
Climb Rate low low low low low low D
Cruise Range long-range | mid-range | short-range | long-range | mid-range | short-range SWCost(6,3) Architecture 6
Preference optional required required optional optional optional

Architecture 3

Design Space: Engine Architectures

Architecture 3

Architecture 9

SWCost(6,y

/ SWCost(9,6)
\SWCost(Q,B)
SWCost(3,9N

Architecture 9

Assume Architecture 3 and 6 both only meet the current needs, but
Architecture 9 is capable of supporting the future needs too.

If Architecture 3 and 6 are both acceptable in cost, but the switching cost from
Architecture 6 to Architecture 9 is much higher than the switching from
Architecture 3 to Architecture 9, one might want to choose Architecture 3, from
cost perspective.
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Section 3

Adaptable City Planning in IEEE Standard
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Adaptable City Planning (ACP)

* Viewing a city as a system, adopt holistic system thinking and system adaptability methods to
plan a city, to make it capable of meeting current needs with reasonable margins, but also
ensure low cost for future changes.

Step 1 -- City planners need to systematically capture in All Needs and Requirements
writing the city’s goal, mission and all its needs or

requirements, which include both current and future ones. Certain Uncertain

Step 2 -- Generate all different candidate plans. Meets Current Needs Meets future or anticipated Needs

After different proposed plans are available, the city planners L
. g . Switching costs
must estimate the switching costs between each pair of the

candidate plans.

Step 3 — (final) is to select a candidate plan

Based on multiple weighting factors one of which is cost.

Using system adaptability methodology allows the city easier to be changed and adapt to future needs, without overly
designing the city upfront, and thus is more sustainable.
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Conclusion

« System Adaptability is important for city planning
— |t is also one of the backbones of INCOSE SE Vision 2035

— It is useful for many system designs
« Example: Boeing uses it for sustainable development
https://www.linkedin.com/feed/update/urn:li:activity:71592622850084 37249/

 Reference:
— SEBoK System Adaptability Chapter:
https://sebokwiki.org/wiki/System Adaptability
INCOSE System Adaptability WG:
https://www.incose.org/communities/working-groups-initiatives/systems-

adaptability

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS

47


https://www.linkedin.com/feed/update/urn:li:activity:7159262285008437249/
https://sebokwiki.org/wiki/System_Adaptability
https://www.incose.org/communities/working-groups-initiatives/systems-adaptability
https://www.incose.org/communities/working-groups-initiatives/systems-adaptability

Cecilia Haskins, ESEP, PhD

Application of Industry
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Technology challenge

Unsustainable versus sustainable development

/
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Useful Life
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Disposal
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Matrix of progress toward sustainable

development -3 E's

Equity, economic, environmental

Good eco-performance

Working towards Sustainable Development
Application Integration Leadership
Application Application Integration
Working towards
Eco-performance at
the expense of citizens Awareness Application Application
Lack of Social
Social Equity Equity
Potentially corrupt Working towards Quality of
Governance and Life improvements at the
Impoverished citizens expense of the environment

Poor eco-performance

eco = economic and environmental



well under our component of Smart & safe living (Smart Living in the European Parliament study),
which encompasseseducation, healthand security.

Figure 2.3 provides an overview of our proposed five componentsand their definitions.

Figure 2.3 - Components of a smart city

Smart & Safe living:

The use of technology and smart solutions in areas
that affect the wellbeing of citizens. It includes
actions related to security and health as well as to
social aspects, education and training, including the
improvementof digital skills.

|

Smartgovernance & e-citizen:
A govemance structure aiming to improve decision
making and inclusivity through technology and smart
approaches that facilitate more efficient collaboration
among different stakeholders, and in particular
between authorities and citizens.

Smartmobility

Providing better connectivity, accessibility at lower
environmental and economic costs through technology
and smart solutions in four categories; the reduction of
pollution, reduction of traffic congestion, reduction of
travel time and costs and the increase of the safety of
transport solutions.

Smartenvironment:

A set of smart solutions and systems for managing and
improving the environmental quality in cities and for
managing utilities through smart systems and devices
for increasing the efficiency of various utility
infrastructures

Smarteconomy:

An economy that is based on technological
innovation, resource efficiency, sustainability and
high social welfare as key drivers for growth
digitalising industry, welfare and transactions.

Thefive smart city componentsare described in more detailin Annex|.
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The CapSEM model

« Organizations feel pressure to improve their sustainability performance but
may not have either the knowledge or the resources to begin.

« A systematized collection of assessment and management tools for
sustainability and environmental management is known as the Capacity
building in Sustainability and Environmental Management model (the
CapSEM Model).

« To streamline their application for the business sector and industry, the
methods and tools are positioned in relation to four levels of development:

— (1) production processes,

(2) products and value chains,

— (3) organization and management and
(4)

4) meta-systems, for example, industrial sectors or societies

Fet, A.M.(ed) 2023. Business Transitions: A Path to Sustainability: The CapSEM Model (p. 13)
See also https://bh4s.no/toolbox/




Increasing systemic scope
I/O — Input-output analysis
CP — Cleaner production
LCA — Life cycle assessment
SCM — Supply chain management
CFP — Carbon footprint
WFP — Water footprint
EPD — Environmental product delcaration
DFE — Design for environment

EMS — Enviromental management system
EPE — Enviromental performance evaluation
KPI — Key performance indicator

GRI - Global Reporting Initiative

LCM - Life cycle management

CSR — Corporate social responsibility

SBM — Sustainable business model

SE — Systems engineering

MFA — Material flow analysis

IE — Industrial ecology principles

Level 4
Systems change
2. Level 3 SE, MFA, IE
— § Organizational change 1 -
O O Level 2 EMS, EPE, KPI, GRI, &
-c g PrOfluct and value LCM, CSR, SBM S ‘0-\\’\\‘1
o chain change . T
O E LCA, SCM, CFP. 1 Lo o
E - WEP, EPD, DFE. R\
) Level 1 - - - R
o b 1
o roduction process
2 = change
[75]
LLI S
o 1/0, CP
1)
7)) =
Qo B
O -
I_

Capacity building in Sustainability and Environmental Management (CapSEM) Model: a systemic
approach towards sustainability. (Modified from (Fet and Knudson 2021)




CapSEM mapped to SDG

Increasing performance scope

A
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Increasing systemic scope

I/O - Input-output analysis EMS - Environmental management system
CP - Cleaner production EPE - Environmental performance evaluation
LCA - Life cycle assessment KPI- Key performance indicator

SCM - Supply chain management GRI- Global Reporting Initiative

CFP - Carbon footprint LCM - Life cycle management

WEP - Water footprint CSR - Corporate social responsibility

EPD - Environmental product declaration SBM - Sustainable business model

DFE - Design for environment SE- Systems engineering

MFA - Material flow analysis
IE - Industrial ecology principles



SE enables the CapSEM tools

8. Registration

Systems Cleaner Life cycle Design for Environmental Environmental
engineering production (CP) assessment environment management performance
(SE) (LCA) (DfE) systems (EMS) evaluation
(EPE)
. Identify 1. Planning and 1. Goal and 1. Needs . Environmental | 1. Commitment
needs organising scope analysis policy
. Define definition 2. Requirements | 2. Initial planning | 2. Planning
requirements
. Specify 2. Assessment 2. Inventory . Planning 3. Applying
performance and preparation analysis
. Implementation
. Analyse and | 3. Assessment 3. Impact 3. Life cycle and operation
optimise step assessment strategies and
evaluation . Checking and
4. Feasibility 4. Interpretation corrective
analysis step action
. Design, 5. Reporting Application 4. Design 4. Reviewing
§0]ve and of LCA
improve ‘ ' /i
p 6. Implementation | ocults 5. Improving
. Verify and 5. Implement . Management
report review
. Documentation

Fig. 12.2 Mapping of systems engineering processes to CapSEM Model methods and tools
(Fet 2002)
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Application of Systems Engineering
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Environmental Management Systems (EMS)

Product-oriented Management Evaluation and
Support Tools Systems Auditing Tools
Life Cycle Environmental
Assessment Performance
(LCA) Evaluation (EPE)
1SO 14040 - group Environmental SO 14031
Management
Systems (EMS)
ISO 14001 - group
Environmental
Labelling, Footprints Auditing (EA)
and Declarations (EPD) ISO 19011

ISO 14020 - group

Fig. 7.1 Product-related standards and audit and evaluation standards underpinning environmen-
tal management. (Illustrated by examples from the ISO 14000-family)
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Environmental Performance Evaluation (EPE)

Table 8.1 Examples of EPIs expressed by OPIs and MPIs

Example of operation performance
indicators (OPI).

Example of management performance indicators
(MPI).

Category — materials

Conformance — degree of compliance with
regulations

Quantity of materials used per unit of
product

Costs (operational and capital) that are associated with
a product’s or process’ environmental aspects

Quantity of processed, recycled or
reused materials used

Category — energy

Return on investment for environmental improvement
projects
Category - financial performance

Quantity of energy used per year or per
unit of product

Costs (operational and capital) that are associated with
a product’s or process’ environmental aspects

Quantity of energy used per service or
customer

Return on investment for environmental improvement
projects

Category — emissions

Category - implementation of policies and
programmes

Quantity of specific emissions per year

Number of achieved objectives and targets

Quantity of specific emissions per unit
of product

Number of organizational units achieving
environmental objectives and targets

Category — wastes

Category - community relations

Quantity of waste per year or per unit
~of product

Number of inquiries or comments about
environmentally related matters

Quantity of hazardous, recyclable or
reusable waste produced per year

Number of press reports on the organization’s
environmental performance
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Cleaner Production

«Waste is a failure of sustainability»

Em|SS|ons to air

Energy
Production- Finished
Water process(es) product(s)
Raw materials

Hazardous Waste Waste Dlscharges Dlscharges
waste for for to to soil
landfill recycling water

Material flow scheme with inputs.& oUtputs for.
single/series of production process(€s)

( Cleaner Production Strategies )

2 Recycling
[Source Reductlon] [(on-and-off site) ]

l

Production Source Internal External
Changes Control Recycling Recycling

Input Material Technology Good Operating
Changes Changes Practices

Principles for CP Strategies from USEPA
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Life cycle assessment (LCA)

-
| Step1 &2 |

i i A. Describe product

i i system

E Stakeholder analysis e T PR
E and requirements i i B. Define the relevant FU, Step3

E E | relate all results to this
::_':_':.'_'_'::_‘::::::.'_‘_'_'_'_'.':_'_'_'.'_'_'_'_'_‘_’_':_‘: i C. Select impact

E SteP6 [') Management review {1 | categories

E I. Checking and corrective | ! | D. Perform life-cycle Step4

: action | inventory

: ¥

i H.3rdparty verification | ii [ £. Aggregate information
I.’.'.'.'.’.'.'.'.".'.'.'.'.'.'.'.'.'.'.'.'.'.'.'_'.".'.'.'.'.'.'.'_’.'.'.'.': §

E Step 5 G. Present infamaﬁon i E F Assess the lmpact

Fig. 14.1 Framework for management and communication of environmental aspects of products.
(Skaar 2013)



Design for Environment (DfE

LCA: Analysis of product Information on de facto Environmenta! impact
impacts, DfE: material and potential product analysis of all life cycle
energy etc. alternatives impacts phases of the product

! !

Strategy | Product Planning | Need | Research | Analysis

Availability of materials in Alternatives for Comparison between
the supply chain sustainable supply availability and alternatives
Identifying specific impacts in the Mitigating impacts with help of Communicating improved
product concept with help of DfE eco design principles Life-cycle product performance

Idea ﬁ/ oncept + Detail | Customnzﬁ'oQ | Marketing

DESIGN ITERATIONS AND FEEDBACK LOOPS
TO SCM AND LCA

—— -
il — - —— e
' Communicating improved

Identifying feasible improvements SCM performance

a o Optimizing the value chain
| | h h f
n the value chain with help of SCM for the e product

Fig. 5.1 Product development stages integrating aspects of LCA, DfE and SCM
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Case study — construction sector

Increasing comprehensiveness

A

Leveld
Systems change /
Level 3 policies, standards and

Organisational change / legislations

building certification
schemes and
environmental

Level 2b management
Product change / ’ \“ab\\\“
building life cycle “&
assessments a‘as‘-'
Level 2a oW
Product change /
material life cycle
declarations
>

Increasing scope

Fig. 16.2 Adapting the CAPSEM Model to the construction sector. (Sparrevik et al. 2021)

Sparrevik M, de Boer L, Michelsen O, Skaar C, Knudson H, Fet AM (2021) Circular economy in the construction
sector: advancing environmental performance through systemic and holistic thinking. Environ Syst Decis 41:392—-400
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BREEAM certification and SE

Decithe whicd
BREEAM warcard

:};.:’-_'t:-h, oL Need o
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Requirements
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Design

Integrate

Specify

Build Building

Helseth HL, Haskins C. Systems
Engineering applied in the
construction industry to achieve a
BREEAM certification. In INCOSE
International Symposium 2022 Jul
(Vol. 32, No. 1, pp. 51-74).

69



Case study —
maritime cleaner production, a longitudinal view

1. Ceaner
Production at
shipyards
I 1 ] |
1.Waste 1. Bottom hull 1. High pressure | | 1. Endosed systems || 2. System analyzis and 3.EMS/
minimization, deaning water water blasting for sandblasting life cyde approach Environmental
shipyards treatment Lghthouse
2. Green technologies 3.EPisand
and DfX Reporting

4. Guidelines and manuals for deaner production, environmental strategies and greener technologies

Fig. 18.1 Overview of activities resulting from the Cleaner Production project started in 1993.

The numbers in the boxes reflect the Levels in the CapSEM model (modified from Fet 2002a, b)
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Case study — using CapSEM to develop a DSS for
transportation sector — structuring a MCDM analysis

Strategy: Business as usual (BAU)
S 1 Port: Geiranger

Strategy: Blue Corridor
32 Port: Hellesyilt

Strategy: New port
83 Port: Stranda

Strategy: Nearby ports
S4 | Ports: Alesund, Nordfjordeid, and Olden/Loen

Strategy: No cruise
85 Ports: Outside the study area

Fig. 19.2 Summary of boundaries and strategies defined in the problem structuring process. The
map is created in the Norgeskart portal by ©Kartverket



