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Motivation

* Planning, creating, evolving systems
— Cyber-physical systems
— Technical systems
— Socio-technical systems

; qh Ea\i-'v'
# st

Energy Systems Production Systems

» Assess their impact
— Social, economic, environmental
— Lack connections to SDGs

Personal
Vehicle

Transport Systems
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Towards more Sustainable Development Decisions

Research Question
How to enable system developers to iteratively evolve a
system in a sustainable way?

* Lead software and system engineers towards « Extend models with sustainability indicators
sustainable development decisions — Language composition: Architecture Description
— Experimentation Kit Language and Sustainability DSL
— Model the system under development
— Sustainability assessment « Extend sustainability DSL with domain-specific
— Inform developers about assessment results for currently modeling libraries
modeled system — Domain-specific indicators (e.g., LCSA indicators)
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Example: Citizen Energy Communities

Citizens and small commercial entities

Local energy generation & storage o |
./ I(_iicl:r;\mercial m

i)
Hospital
j

€«

e N Energy Storage
|
Power Distributer
ot
Residential Hub L m—

/{\ﬁ Power Plant

Local energy trading 4

Citizens interact directly with electrical distribution
SyStem Wind Farm
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Example: Citizen Energy Communities

 Architecture Description Language

— MontiArc using MontiCore language workbench [[l
=

OooNOOUVTP, WNER

PR RRPRR
VA WNRO®

[

component CitizenEnergyCommunity{

. port ..

component
component
component
component
component
component
component

Hospital hospital;
CommercialHub comHub;
ResidentialHub resHub;
WindFarm windfarm;
PowerDistributor distrib;
EnergyStorage storage;
CoalPowerplant powerplant;
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P

Wind Farm

j Hospital
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@ I\ Energy Storage
|
Power Distributer
1
Residential Hub ‘ ﬁ

Power Plant
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Example: Citizen Energy Communities

 Architecture Description Language
— Sustainability DSL

OooNOOUVTP, WNER

PR RRPRR
VA WNRO®

[

[T

component CitizenEnergyCommunity{

}

. port ..

component
component
component
component
component
component
component

Hospital hospital;
CommercialHub comHub;
ResidentialHub resHub;
WindFarm windfarm;
PowerDistributor distrib;
EnergyStorage storage;
CoalPowerplant powerplant;

satisfy sustainability{

sdg: [7,

}

11,13]..

N / Ccl:mmercial
P

Wind Farm

j Hospital

€«

@ I\ Energy Storage
|
Power Distributer
1
Residential Hub ‘ q

Power Plant
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Example: Citizen Energy Communities

 Architecture Description Language
— Sustainability DSL

OooNOOUVTP, WNER

PR R PP
AWNMRO

component CoalPowerplant{

port

out ElectricalEnergy ee;

sustainability{
type: energy,
indicators{

consumption:
co2Emission:

structure, process;

coal;
950 gC02/kWh;

landscapeUsage: 1km"2;

[

[T

Commercial
i

Wind Farm

j Hospital

€«

| @ N Energy Storage
Power Distributer
el ,
Residential Hub q

Power Plant
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Evolution Scenario 1 | Component Change

[

[T

 Black-box architecture is unchanged

N / Commercial

1 | component HydroPowerplant{ __./7.. Hub \

2| port Vi |\ 1]

3 out ElectricalEnergy ee; I j Hospital

4 Wind Farm

5 sustainability{ >

6 type: energy, structure, process,; | o 7a\ Energy Storage

7 indicators{ Power Distributer

8 consumption: renewable, hydro; 4 \(

9 co2Emission: 24 gC02/kWh; Residential Hub “ —
10 landscapeUsage: 2km"2;
11
12 }

Power Plant
13 } x
14|} Legend ) e
9 Initial connections
Added connectiqn AN gfg‘,gﬁggzz(ﬁhﬁ?f:
» Deleted connection Power Plant  hydroelectric power plant
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Evolution Scenario 1 | Component Change

[

 Sustainability Assessment

— assessed by experts or
— passed on to assessment systems [[l o
= domain-specific systems / Commerci
= Sustainability Evaluation Experience R sl 7N Hub \ 1l
(SEER) [KMC+20] F|\ | .
j Hospital
Wind Farm ﬂ
« Example 2 <>
— Reduced the power plant’'s CO, emissions | €< Energy Storage
by over 95% ‘E‘ \(E Power Distributer
- S::gh:lg positive effects for SDGs 7, 11, esidential Hub

(V¥ o v
[KMC+20] J. Kienzle, G. Mussbacher, B. Combemale, L. Bastin, N. Bencomo, J.-M. Bruel, C. Power Plant
Becker, S. Betz, R. Chitchyan, B.H.C. Cheng, S. Klingert, R.F. Paige, B. Penzenstadler, N. Seyff, E.
Syriani, C.C. Venters: Toward model-driven sustainability evaluation. Commun. ACM 63, 3, 2020.

] 5 - )
9 Software Engineering | RWTH Aachen —— — Y Research Area ‘ Juniorprofessur fiir
i Technology, 7 ¢ Decision Analysis
S— h LUm tBC Innovation, Marketing, .\‘ antl Socinzsconomic i

E.DN Energy Research Center Enrgpipmsr it Assessment Engineering




Evolution

TR craric 2 |

« Scenario 2 Addition: ﬂ
i Ext
— Addition of emergency energy storage storage for
— Addition of photovoltaic units to residential hubs [[l g | Mowital  EnergyStorage
/ Commercial
/ R Fub \
- Assessment =7 N\ M
— Better results h\ | .
j Hospital
Wind Farm
| g €< 7\ Energy Storage
Power Distributer
1
Residential Hub m
Addition: Photovoltai
& && for clitlizgns, g)r?tvr(;b:t’:
Photovoltaic to power distribution
\Yava Y
Power Plant
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Sustainability Assessment

* Lifecycle Sustainability Assessment (LCSA) (Some) Challenges

— LCA = Environmental Life Cycle Assessment _ Tool supported but also manual effort
— LCC = LCA-type Life Cycle Costing

— SLCA = Social Life Cycle Assessment — Data availability

— Some approaches in practice consider only two of the
( three main sustainability aspects
+ + - j — Lack interconnectedness among the three areas

— Do not follow cause-effect chains

_ o — System boundaries unclear/ inconsistent
* Lack a connection between LCSA indicators and

SDG goals and more concrete target

_ As of 2022, 14 SDG goals have not yet been assigned — Lack of agreement in the international community on
LCSA indicators social targets to achieve for many social indicators

— Non-transparent weighting of results

Sources:

* M. Finkbeiner, E.M. Schau, A. Lehmann, M. Traverso: Towards Life Cycle Sustainability Assessment. Sustainability, 2010.
S. Valdivia, J. G. Backes, M. Traverso, G. Sonnemann, S. Cucurachi, J. B. Guinée, T. Schaubroeck, M. Finkbeiner, N. Leroy-Parmentier, C. Ugaya, C. Pefia, A. Zamagni, A. Inaba, M. Amaral, M. Berger, J. Dvarioniene, T.
Vakhitova, C. Benoit-Norris, M. Prox, R. Foolmaun, M. Goedkoop: Principles for the application of life cycle sustainability assessment,” The International Journal of Life Cycle Assessment, vol. 26, no. 9, 2021.

» J. Martinez-Blanco, A. Lehmann, P. Mufioz, A. Antén, M. Traverso, J. Rieradevall, M. Finkbeiner: Application challenges for the social Life Cycle Assessment of fertilizers within life cycle sustainability assessment. Journal of
Cleaner Production, vol 69, 2014.
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Roadmap

Extend with model-
processing Extend approach
tooling for for other

Refining and

extending Combine with Further research

interlinkages

Sustainability DSL digital twins between SDGs automated languages beside

for other domains sustainability ADLs

assessments
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Abstract—When planwing, ereating, asd evolving systems
e Wl & e et i e et g
sur worid. Despite this pressing need, existing structured methods
ot spsematicolly Maaing Sl scanta, tad tarivames
mmummmmbmmwm United Natios"
sustainable development goals. Mareaver, Arehiteetue
Description Languages (ADLs) lock concepls and tooking for
susaiuabilly smemment. Our sl k o allow medellng sysieas,
their sustainability properties, and sustainability questions in

negutive influcnces on different sustainahility goals [1] in the
arcas of social, economic, and eavironmental sustainability [2].

Research Question. We tacke the main rescarch qucstion of
asysem

throughon. ts life cyele in a sustinable way.

Coniribution. To make these informed decisions. we suggest
a approach that de-
seriptions in Architecture Description Langusge (ADL) mod-
els. This paper explores and introduces an approach 1o com-
bine sustainability asscssment defined in 4 Domain-Specific
Language (DSL) with ADL models throughout an itcrative
development process. The epproach supports decision-making

B hrough a system’s evolution and leads o the implementation

of sustainsble systems. As a running example, we show two
scenarios in an encrgy planning case study for a

scription Language, Energy Plansing

L INTRODUCTION

Motivation. When developing and cvolving systems, tech-
nologics, and processes over a longer period of time sus-
tainability plays a significant role in cach decision point
af developers. Such systems inchade the tion domain,
Intermet of Things (loT), Cyber-Physical System (CPS), o
pure software systems. Development decisions may lead to

“Cormespaming sutbo.

citizen energy community.

Structure. We provide foundations, usc a running cxample
to intraduce the methodalogy for sustainable system develop-
ment, and conclude with & roadmap for implementing DSLs
and asscasing sustainability.

1L PROLIMENARIES

Architecture Description Languages. For modcling systems,
ADLs [3] offer great possibilitics for iterative development
Most ADLs follow the component-conneetor approach, where
4 system architecture is defincd by its componcntspars &nd
their connectors/ports. (hften, additional (hehavior) description
possibilities are offercd for atomic componcnts through lan-
Fusge compositions, ¢.., state charts |4]. Compancnts define
their communication interface through input and output ports.

Facilitate the sustainability decision-making
throughout the lifecycle of systems

by embedding sustainability descriptions in ADL models

.more in the paper

(Some) Questions

What additional methods are needed to support evolution?

How to increase the SDG knowledge of technological experts?

How to increase automation in the assessment?
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