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MOTIVATION: KLIMAWANDEL & DEKARBONISIERUNG
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MODELLE & ERWARTUNGEN

Rolle von Modellen bei Infrastrukturtransformation:

Bestimmen von Transformationspfaden
Grol3e Linien, Szenarien, Rahmenbedingungen: Exploration
Abwagen verschiedener Optionen & Instrumente (Politik & Unternehmen)
Evaluation von Szenarien: Exploration

Verstandnis von Systemzusammenhangen
System(verhaltens)analyse: Erklarung

Vorhersage von Systementwicklungen
Vorhersage (Prediction)
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MODELLIERUNG KOMPLEXER SYSTEME

Interessante Systeme: komplex

Charakteristika komplexer Systeme:
« Systemkomponenten beeinflussen sich gegenseitig

Quelle: M. Lima: Visual Complexity:

° Feed baCkSChleifen Mapping Patterns of Information

» chaotische Dynamiken (Relevanz von Anfangsbedingungen)
» Heterogenitat
* Datenintensivitat
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MODELLIERUNGSANSATZE KOMPLEXE SYSTEME

Systems Thinking Event
Qualitative (e.g. Concept Maps, trees

modelling Causal Loop Diagrams)

Dynamic Adaptive
Policy Pathways

Fuzzy Cognitive Social Network
Mapping Analysis

Stochastic models (e.g.

System ERESai el Agent-based modelling
. Dynamics (incl. Cellular Automata)

Quantitative

modelling Data-driven (empirical) models I

Depth of considered system detail (from macro to micro)

Interessant fur Politikinstrumente:
soziale Systeme —» ST, SD, ABM
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MODELLIERUNG SOZIO-TECHNO-OKONOMISCHER SYSTEME

Komplexe Systeme allein herausfordernd

sozio-techno-0konomische Systeme: Menschen & Interaktionen:
* Imperfekte Information
- Begrenzte Rationalitat (Bounded Rationality)
« Heterogenitat
+ Einstellungen & Werte
- Demographie (geo-0konomische Unterschiede)

« Entscheidungsprozesse
» Soziales Netzwerk
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VORHERSAGEMODELLE

Haufiges Ziel / Wunsch:
Abbild der Realitat & Minimierung von Unsicherheit
—» \orhersagemodelle

Bendatigt
auflosbare Unsicherheiten
Wissen um Initialzustand
Daten fur vollstandigen Parametersatz

deduktiver Fokus auf Validierung
Ansatz
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EXPLORATIVE MODELLIERUNG

Annahme:

Realistisches Abbild unmoglich — experimenteller
Ansatz

Erhohen von Unsicherheit, um System besser zu verstehen
Wie verhalt sich das System, wenn Annahmen korrekt waren?
Daten, um Menge an Experimenten einzugrenzen

—» Informationen, um Entscheidung zu fundieren

abduktiver Fokus auf Falsifizierung
Ansatz
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REALISTISCHE ERWARTUNGEN AN MODELLE

+ Verstandnis von Maglichkeiten (Kontingenz)

* Durchfuhren von Experimenten

« Untersuchen von Handlungskorridoren

* Fragen: ‘Was ware wenn, ...’

« Verstehen von Verhalten (Implikation von Theorien)

* Vergleichen von (Politik-)Instrumenten unter Annahmen

« Akzentuieren wesentlicher Modellaspekten, Abstraktion von unwesentlichen

R
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ROLLE VON KONZEPTEN IN DER MODELLIERUNG

Datengetriebene Modellierung Konzeptgetriebene Modellierung
Bisheriges Verhalten —» zukunftiges Verhalten Identifikation relevanter

Finden von Mustern in Daten Konstrukte & Einflussfaktoren
Basiert auf impliziten Wissen Basiert auf explizitem Wissen

Ableiten/Trainieren von Agenten

- Bedeutung fur komplexe Systeme / Modelle?

* Wie viel Abstraktion / Detail?
Hochdimensionale Daten, Qualitat & Chaos
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KALIBRIERUNG & VERIFIZIERUNG

Konzeptualisierung  Ubereinstimmung Datengenauigkeit und
der realen Welt mehrerer Modelle Angemessenheit

Ubereinstimmung von Korrektheit des minimale Modellveranderungen
Ergebnissen & Beobachtungen Codes durch Modellrekonfigurierung

Kalibrierung

Modellfeineinstellung
durch reale Daten

Herausforderungen:

Stochastizitat
Equifinality
Counterfactuals
Robustheit

Emergenz

Generative Sufficiency




TEIL II:
MODELLIERUNG
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MOTIVATION: ROLLE PRIVATER HAUSHALTE

2020: Anteil HH an Primarenergieverbrauch: 27.4%

M lea i &

Politik & Verwaltung profit-orientierte NROs & private
Unternehmen not-for-profits Haushalte
‘direkter’ Einfluss rational choice:  inharente Motivation: Menschen:
(Demokratien) Setzen von Anreizen Wertegeleitet nicht-rationale, komplexe

Entscheidungen
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KONZEPTGETRIEBENES VORGEHEN

Forschung uber Kontext ‘Grolde’ Theorien
(‘kleine Theorien’) (Luckenfuller)
i —

Fokusgruppen




STRUKTUR ENTSCHEIDUNGSFAKTOREN

Novelty
Seeking

’
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Environmental
Concern
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o Financial
‘._  Evaluaton
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Income

Perceived
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Conditions Control

Knowledge of

Reflexives
Messmodell

- ~ (573
& Formatives v
Yo Messmodell /

~ P

UNIVERSITAT
LEIPZIG




DIFFUSION OF INNOVATION: PROZESS (ROGERS)

warum, wie & wie schnell breiten sich neue Ideen & Technologien aus?

initialer Interesse
Kontakt in Innovation

Installation & Entscheidung zum
Evaluation Weiterbetrieb
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EXKURS: DIE SINUS MILIEU SEGMENTIERUNG 2018

Oberschicht /
Obere
Mittelschicht

Mittlere 2
Mittelschicht

Untere
Mittelschicht/ 3
Unterschicht

Soziale
Lage

Grund-
orientierung

Traditions-

verwurzelung  Tradition
"Festhalten"

Tradition

Sinus AB12
Konservativ-
etabliertes
Milieu
10%

Sinus AB23
Traditionelles Milieu

11%

A

Modernisierte

"Bewahren”

Lebensstandard,
Status, Besitz
"Haben & Geniefien"

Sinus B1
Liberal-intellektuelles
Milieu

Sozialokologisches
Milieu
{)

Sinus B23
Biirgerliche Mitte
13%

Sinus B3
Prekires Milieu
9%

B

Selbstverwirklichung,
Emanzipation, Authentizitat
"Sein & Verdndern"

Modernisierung / Individualisierung

Sinus C1
Milieu der
Performer

8%

/

Sinus C2
Adaptiv-
pragmatisches
Milieu
11%

%23

Hedonistisches
Milieu
15%

Sinus C12
Expeditives
Milieu
9%

© SINUS 2018

C

Multioptionalitat,
Beschleunigung,
Pragmatismus
"Machen & Erleben"

Neuorientierung

Exploration,
Refokussierung,
neue Synthesen

"Grenzen liberwinden"

Quelle: SINUS Markt- und
Sozialforschung GmbH
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FOKUSGRUPPEN

MOT* 1 MOT 2 MOT 3 MOT 4 MOT5

| el e PR 1 B T e T 1 P T e | | e 1 P e e A R :
1 ! 1 “ | | | I 1 1 @

“ | find PV ¢ | adopted my
1 | I 1 “ 1
, “lam aware of | ! aystanis ) ! “| plan to install ! 1 “I'have signed | : Bahavior '
: the existence : | sy : PV aviton gt : | a contract for a : 1 regarding the : . . . o
y of residential i 9 | : ool | residential PV . A ] Bundlung ahnlicher Milieus
| « 1 | want to know my home. 1 - i . acquired PV | ’
; PVsystems.® | ! bout it." ! : i - system. i ' tem.* \ .
| | ! more about it." ! ! : | : 1 system.” | Abblldung aller

______

Ziel: Verstandnis von
Phasen, Einflussfaktoren &
Entscheidungsvariablen

@) 2. Interest stage I > ;

[i])3. Planning stage . >

@4. Implementation stag>

| LCT decision-making process >

| LCT adoption process > J

* MOT = moment of truth

Prior conditions

SUOIIPUOD J01IB)SOd
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Process model

PROZESSMODEL PVACT

P1 - Awareness

Precondition: /

Operation: Perform Submodel 1.
If interest level > interest
threshold, proceed to P2. Else
perform activity (Submodel 4).

P2 - Feasibility

Process plan

Precondition: Interest threshold
reached

Operation: Perform Submodel 2.

If feasibility is given, proceed to
P3. Else proceed to P5.

P5 - Unable

Precondition: Feasibility
declined
Operation: Perform Submodel 4

!

P3 - Evaluation

P4 - Adopter

Precondition: Evaluation positive
orinitial adopter
Operation: Perform Submodel 4

Precondition: Feasibility given

Operation: Perform Submodel 3.

If utility > adoption threshold
AND income > financial
threshold, proceed to P4. Else
proceed to P6.

P6 - Persisting

Precondition: Adoption declined
Operation: Perform Submodel 4

UNIVERSITAT
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PHASE 3: EVALUATION

Berechnung der gewichteten Nutzwerts U(i) anhand der Gewichte w und dem Teilnutzen U, (i)

Finanziell Sozial Lokal Umweltbew. Innovativitat
1 |

1 ] 1 1 ] 1
TTO3N ... W TT (IN [ & § 3N '... L TT f.'\‘ 1 '... L TT f:{ 1 '... L TT f.'\l
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PVACT

P

Milieu Data

Global parameters

Define manually:
Milieu values and
distributions

Data input in Ul

/

i Spatial data, case-study
specific

- Upload table with address-
specific milieu data

- Upload table with real
diffusion data of case study

P

Product Data

Upload table with techno-
economic product data

Define manually:

- Initial product awareness
- Initial product interest
distribution

- Initial product adopter
- Number initial product
adopter

- Interest threshold

- Financial threshold

- Adoption threshold

- Interest level

Define manually:

- Initial simulation year

- Final simulation year

- Population size

- Coverage

- Construction rate

- Renovation rate

- Speed of convergence

- Attitude gap

- Chance neutral,
convergence, divergence
- Extremist rate

- Moderate and extre mist
uncertainty

- Growth function
environmental concern

- Spatial and discrete time
model

)

-

Process model PV

Define manually:

- Adopter influence

- Interested agent influence

- Aware agent influence
Weight NPV

- Weight social pressure

- Weight local pressure

- Weight novelty seeking

- Weight environmental

concern

- Logistic factor

- Distance filter

initialization process

i

&

Create system agent

©
9
=]
©
£
o]
2
5
<

LifeCycle Control

LifeCycle Events

Rescale agent attributes

Distribute interest points
Simulation start

Perform LifeCycle events

(sm8)

Before t%52=1, update techno-economic data

| Before t=1: Shift P6 > P3 (SM 9)

In t=27: Assign

construction and renovation,

update environmental concern (SM 10, 11)

Simulation end at t==53

| After=52: Shift P6 >P3 and reevaluate (SM 12) |

J

p

Parse CAGs

Draw agent number~ ﬁ

-

Size, based on population size

and spatial data

Create agents

Spatial attributes

Spatial data distribution

N
I

Agent attributes

Attributes

- Environmental Concern
- Novelty Seeking

- Network size

- Affinities

- Rate communicate

- Rate rewire

- Initial product awareness
- Initial product adopter

Distributions

Values

Processmodel finding scheme }——

3.Draw

initial
stage

—

A

Process plan

Interest level

Process stage

2/

2.Hand
over plan

1. Initially draw
process plan

Process model finding scheme

Process model PV

\ =

| Create process plan

4. Behave
according
to plan
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GEO-OKONOMISCHE DATEN DER FALLSTUDIE

von ~ 48T Haushalten:

Stralle, Inspire 60.197 100 % . ] .
Hausnummer, Datensatz, Land * Gebaudeinformationen
e Sachsen «  Dominantes Milieu
. . . o o
Elgentumerlnform Stadt Leipzig 56.483 93,8 % . Kaufkraft
ationen . )
[Flurstiick* *  Raumliches Umfeld
#Haushalten an Microm 53.848 95,3 %
Adresse
Dachorientierung  3D-Stadtmodell, 48.145 89,4 %
& -neigung Stadt Leipzig
Kaufkraft und Microm 48.112 99,9 %
Milieu
Gebaudeflache &  Stadt Leipzig 48.112 100 %
Zentroid

Davon 318
gewerblich

| | UNIVERSITAT
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STATISTISCHES MODELL ZUR FAKTORENBESTIMMUNG

Model 1
Benefits .41%5"‘
Social Norm .U@%b"' Intention (R*=.287)
1
Barriers ":0“
Model 4

1
Environmental concern .4?7'"

Novelty seeking .3?9‘u Benefits (R* = .641)

1
'5%80\00

1
Social Norm .11129*“ Barriers

013
|

Vergleich verschiedener Modelle zur
Erklarung von Intention

Alternativen in Struktur und Gewicht

: \;‘I Intention (R* =.280)

* p<.1; ¥4 pe0S; *+* p<.0i




EMPIRISCHE MODELLFUNDIERUNG

Tabelle 10.2.: Ergebnisse der linearen Regression der fiinf Komponenten der Nutzwertfunktion
auf die angegebene Kaufabsicht.

Koeff. Std. Fehl. t p-Wert  Beta Erganzung fehlender

Innovationsaffinitat 0,372 0,027 13,890 0,000 0,267 Para..meter QUrch

g reprasentative
Umweltbewusstsein -0,159 0,038 -4,200 0,000 -0,079 Umfrage von
Finanzielle Bewertung 0,676 0,028 23,970 0,000 0,470 .. 9 . .

: Gebaudeeigentumern

Sozialer Druck 0,011 0,024 0,440 0,659 0,008
Raumlicher Druck 0,181 0,028 6,520 0,000 0,126 _
Konstante -0,077 0,031 -2,480 0,013 Ableitung von

Modellgewichten
Anzahl Beobachtungen 1800

F(5, 1794) 238,76
p-Wert <0,001
R? 0,3996

Datenvalidierung

2 UNIVERSITAT
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KALIBRIERUNG DURCH FEHLERMINIMIERUNG
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Quadratische durchschn.
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Jou3

45 T
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30 T
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1.5: =

KALIBRIERUNG DURCH FEHLERMINIMIERUNG: GENAUERER BLICK

/

0 20 4

0.2 0.0
0 60 0.4
Interest Thres8f?o,1(?0 120 1.0 0.6 Th(eShO\d

0.8 Y
Adop\'.\on

Durchschnittliche
Abweichung im Zubau

10
08

06 60 40

Adoption Threspaly  ©2 0.0 120 100 50, eseThreshold

Quadratische durchschn.
Abweichung im Zubau

20 0

N w IS wu o ~ ©

Error

Op;
Adops. 0.6 a0 20

Plion 1, 04 0.2 8o 60
Thresho o 00 120 m\?\terest Threshold

Durchschn. Abweichung in
Anzahl Gesamtanlagen

0
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PROBLEME MIT KALIBRIERUNGSANSATZ

Abweichung ist trotz sehr unterschiedlicher  Gleiche Laufe konnen zu sehr

Parameter teils sehr gering unterschiedlichen Ergebnissen fuhren
— Simulationsergebnisse —— Simulationsergebnisse
16 1 Tatsachliche Adoptionen 25 Tatsachliche Adoptionen

20 1

15 A

Installierte Anlagen
= =
o N
Installierte Anlagen

| 10 -
4_
/ 5

2008 2010 2012 2014 2016 2018 2008 2010 2012 2014 2016 2018
Jahre Jahre




UMGANG MIT PLURALITAT

Akzeptieren, dass ‘Realitat stochastisch’ ist

Angemessenste Reprasentation der Realitat nicht singulare Parameterkombination, die die
Fehlermetrik minimiert, sondern Schar plausibler / interessanter Welten

Gruppieren vergleichbarer Simulationslaufe uber verschiedene Parameter, stochastische
Realisierungen und Szenarien

—p robustere Ergebnisse?

Bessere Vergleichbarkeit durch direkten vergleich ‘gleicher Realitaten’ zwischen Malinhahmen

Prinzip der Vielfalt statt Sparsamkeit? (Leibniz vs. Ockham)

| UNIVERSITAT
LEIPZIG




WAS WOLLEN UND KONNEN WIR ERWARTEN?

Fur Erwartungen an Modell: Betrachten des Anwendungskontexts
Schlusselfrage: wie komplex & sozial ist Kontext?

Vorhersagen komplexer, sozialer Systeme (nahezu?) unmaoglich

Verstandnis von Systemen & -interaktionen? beschrankt mdglich

Modellverhalten unter (verschiedenen) Annahmen:

Untersuchen von Modellfaktoren:
welchen Einfluss haben verschiedene Gewichte fur Entscheidungsfaktoren?

wie wirkt Anpassung der Modellstruktur auf das Modell?
Wechselwirkungen innerhalb des Systems & Systeminterventionen

. UNIVERSITAT
LEIPZIG




VIELEN DANK FUR DIE AUFMERKSAMKEIT

Simon Johanning

Lehrstuhl fiir
Energiemanagement & Nachhaltigkeit

Fakultat fir Wirtschaftswissenschaft
Institut fir Infrastruktur und
Ressourcenmanagement

Uni Leipzig

. Grimmaische Str. 12

D-04109 Leipzig

Tel.: +49 341 97 33554
johanning@wifa.uni-leipzig.de

www.wifa.uni-leipzig.de/iirm

/

Energiemanagement &
Nachhaltigkeit
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Abstraktion der Realitat
¥ ¥ ¥

4{ Beobachtung H Empirie & Theorie H Modell }7

Imptementierongund
Beobachtung der . Entwicklung der - Validierung des
Diffusionskurve Entscheidungslogik agenten-basierten
Maodells

T T Ty

Verifikation und Validierung von Entscheidungslogik & agenten-basierten Modell durch
Approximation der beobachteten Diffusionskurve mit simulatem Diffusionsverhalten

v v
Verifikation und

Bewerttmg und
Entwicklung des

Modellanwendung fur

Y

A

Entwicklung von

Entscheidungstheorien modell-basierten

Ancatzac
T T TIOUCL\J

Instrumente




HUMAN DECISION MAKING

multitude of decision factors:
 financial benefit
e societal and peer pressure
e opinion dynamics
e attitudes
* perceptions
* preferences
e advertisement
e cognitive factors

no direct control =——® incentives & regulatory measures

necessity to study how innovations spread in population = innovation diffusion

UNIVERSITAT
LEIPZIG




FOKUSGRUPPEN

—
[ el o ... o L -l . - 3 Gruppen (Sept. 2019)

r 1 i ] i | r 1 i :

! . 1 “ ! | ! I 1 | @ z

| “lam aware of | 1 | find PV ! v ) [ ' | have signed ! = adopteld my : a6 TN

1 the existence ! | systems - ! I plan to install | ! & eontractfaca 1 : ber:fworh 1 . . .

| of residential | : |Interest|ni and i : aPV inte"lat . ! residential PV | ' regals '"géve ; ° Bundlung ahn“Cher

| PV systems.* ! , lwantto now y My home. 1 | system.* ' , acquire H . .

: : | more aboutit." | : : : = I system” | Milieus, Abbildung aller

____________

« Konkrete Beschaftigung
mit Adoptionsprozess

* Ausgeglichene
Wohnsituation

« Ziel: Verstandnis von
Phasen,
Einflussfaktoren &
Entscheidungsvariablen

Prior conditions

SUOIIPUOD JI01I8)SOd

@)2. Interest stage ] > : ;
)3. Planning stage : > E
@4' Implementation st!ag>

| LCT decision-making process >

| LCT adoption process > J

* MOT = moment of truth

UNIVERSITAT
LEIPZIG




DETACT Dynamic Electricity Tariffs and interACTion

importance of households in supply-driven
energy system (electro-mobility, heat pumps, ...)

dynamic electricity tariffs award
flexible electricity consumption

consumption heavily driven by patterns and habits

willingness to change habits and respond to signals

Perceived external
influence

External influence

Step 1

Agent is not aware of DETs /

and has to be informed

( Independence 1

to step 2

when sufficiently
informed, move

Step 2

Perceived internal

influence

Step 2

Step 1

v

P N
Need_ _for Expected
cognition utility

Relative advantage
Smart
appliances

Agent is deliberating its
hoice to adopt DETs or not

Compatibility

Household
composition

agent does not

timestep

=~

adopt and remains
in step 2 in the next

v
Step 3

agent adopts and
moves to step 3 Social influence
(usage state)

Environmental
awareness

Conformlty ’

Usage
state

Step 3

Step 2
decision to switch back to
old electricity contract,
back to step 2 for possible
Period of usage by the later readoption
agent (x timeseps) till
evaluation starts
| Actual utility/expected utility |
\'4 /

Agent is (re)evaluating the
ET
Status quo bias

confirmed the adoption,
agent remains in usage
state till next evaluation

© | UNIVERSITAT
LEIPZIG




HEADACT renewable HEat technology ADoption and interACTion

decarbonization in heat sector critical and slow

debate on building heating act (Gebaudeenergiegesetz) in Germany shows importance of
residential heat transformation & challenges in sector decarbonization

regulatory measures delicate when concerning residential actors

- importance of investigating acceptance questions and investment decision factors

-» model development based on literature research, focus groups analyses and
guantitative surveys of milieu-dependent behavior & intention

UNIVERSITAT
LEIPZIG




SOCIO-TECHNICAL PERSPECTIVE

complex system
Sozial-gesellschaftliche —» multiple perspectives required

Dimension

integration of structural and social
dimensions, as well as external
factors in one model (suite)

Abbildung der sozial-okonomischen Akteursebene

Strukturdimension

Klimawandel

common structures,
but contextual factors

[opueA\ IotpsyeISoua(]

—» requires a model framework and
contextually specific models




AGENT-BASED EXTENSION OF IRPopt

1 Actors and processes

=O— techno-economic modeling

2

Process relations

— profitability index

'°_° IRPopt
=O— techno-economic modeling

[ profitability index

IRPsim

operation

operation

adoption

<+ 1 year —>

adoption

techs i i deling of energy systems at municipal level

operation operation

adoption

simulation

period

operation

adoption

IRPsim

of energy systems at municipal level

adoption

operation

adoption

operation

simulation
period

adoption rate

socio-economic modeling
IRPact

Quelle: Fabian Scheller, IIRM, Universitat Leipzig, 2017.

adoption rate

socio-economic modeling
IRPact

1 Entities and dynamics

Personal
attitude

2 Social network

4  Empirical grounding

Data

Geographic || Expert Interview Market

information | | knowledge study research
Lab Focus Literature Public
|experiments || groups analysis data

UNIVERSITAT
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IRPACT

ConsumerAgent
submodel

ConsumerAgentGroup - m

ConsumerAgent n

ConsumerAgentGroup - 1

ConsumerAgent 2

ConsumerAgent 1

PointOfSale n

t-n
Temporal model -

Product submodel

Preference
Modeling

!

Adoption Decision
Modeling

Perception
Modeling

!

Communication
Modeling
A

ProductGroup - m

Product n

ProductGroup - 1

Product 1

FixedProduct 1

b

PointOfSale 1

Spatial model

X

CompanyAgent n

PolicyAgent

CompanyAgent 1

model framework for
diffusion of sustainable
products

broad, configurable
frame and simulation
infrastructure
(IRPsim)

implemented in Java,
configurable through
.json files or
web-interface

UNIVERSITAT
LEIPZIG


http://irpsim.uni-leipzig.de

The Idea

Important model detail:

All random numbers are drawn from a pseudo-random list
'wg%‘?ﬁ’é'%@é’osﬁ?& ns same exact sequence of events

-> Model executions are (kind of) deterministic, making them
comparable

Idea

Compare measures/policy instruments throughout several
parameter constellations and multiple comparable instances

EEM22



Finding the Right Parameter Range EEM22

ATA

0.75 @

0.5

0.25




The Approach EEM22

1) Define the metric M, parameter range [AT, AT] x [IT, IT],
granularity g € N*, measures K 3 k,, and the number of repetitions n,

Set evaluation reference, parameters and computational demand

2) Generate g * n pair-wise different seeds S; for the random number generator,
Set model instances where it behaves (stochastically) different

3) Associate each i € [0, g* — 1] with the parameter combination

(AT; ,IT;) = (AT + (i mod g) * AT_A_T, IT + ([ij i )) for an equidistant evaluation grid

Span the grid (standard’transforriatiorf 1D to 2D)




The Approach EEM22

4) Foreach k € K,i € [0, g* — 1],j € [0,n — 1] evaluate the model
at parameters AT;, IT; with seed s; € 5,1 = i *n + j, yielding model behavior P;

Run model for all instances

5) For each pair k, k € K, analyze M(Pyjx, Pjjz),
Between comparable mstances compare with the scenario

performace

6) For each repetition j aggregate M(P;j, l]k) across j € [0,n — 1] and generate the

ParR SR §SHRIMRAGH DB BESSTRRIRMRS Bt hrd Fameterization



AP 2: DECISION LOGIC OF DECENTRAL ACTORS IN THE ENERGY
AND HEAT SECTOR

What factors can explain the difference in diffusion between different municipal
districts?

— Share of single houses

RS T - House properties legend A
SN » SN . . NTR—
DI Ry | | DR — Population density
Laeitey i8S b
o - Income

- Sinus-Milieus

3 3
@ TR Tk
(bR

S .
*’a‘-"g; The goal of the model is to

reproduce the observed
diffusion in Leipzig while
taking into acount empirical
insight from the survey and

Abb. X: Relativer Diffusionsverlauf von
Aufdach-Photovoltaikanlagen in den Leipziger Abb. X: Absoluter Diffusionsverlauf von Aufdach-Photovoltaikanlagen, Einkommen und
Stadtteilen. Quelle: Eigene Darstellung Gebaudetypologie in den Leipziger Stadtteilen. Quelle: Eigene Darstellung
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FALLSTUDIEN ZUR UNTERSUCHUNG DER PV-DIFFUSION:
LEIPZIG UND DRESDEN

2000

[y
19
Q
o

Anzahl PV-Anlagen

1000

500

0 —m— / ‘

1993 1994 1996 1997 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

=== D Neuinstallationen s D Kumulierte Installationen wms | Neuinstallationen . L Kumulierte Installationen
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A META-ANALYSE FOR DERIVING COMPONENT WEIGTHTS

Identification

Records identified through database
searches
(n=923)

Additional records identified through
snowball method
(n=23)

—

Records after duplicates removed

(n = 653)

4

Screening

%

Records retained for abstract screening
(n=205)

A

Exclusion based on non-relevant title
(n=448)

v

Records retained for full text
assessment
(n=110)

A

Exclusion based on non-relevant
abstract
(n=95)

v

Eligibility

Eligible records
(n=24)

Exclusion based on full-text assessment
(n=286)

v

Exclusion reasons:

- Content not matching (n=57)
- Dep. variable not matching (n
=29)

Inclusion

Records included in meta-analysis
(n=28)

A

Exclusion based on non-availability of
target data
(n=16)

UNIVERSITAT
LEIPZIG




A META-ANALYSE FOR DERIVING COMPONENT WEIGTHTS

INT EC NS BA BE SN GEN EDU
EC  .343%*
(.382), N=7
NS  .475%* 445%*
(.46), N=4 (.187), N=4
BA -.111 - 172* -.015
(.306), N=4 (.397), N=3 (.13), N=1
BE 53k* .693** .636** -.185%**
(.334), N=5 (.366), N=4 (.458), N=3 (.102), N=3
SN .326%* 283%* 504%* -.104 A491%*
(.291), N=4 (.293), N=4 (.752), N=2 (.528), N=2 (.429), N=3
GEN -.01 .049%* 0 -.038 0 -.059%*
(.084), N=2 (.082), N=2 (0), N=0  (.463), N=1 (0), N=0  (.086), N=1
EDU .046 .047 0 -.035 -.006 L068** -.086**
(.287), N=3 (.126), N=3 (0), N=0  (.234), N=2 (.27), N=1 (.082), N=2 (.084), N=2
INC .183 15%* 0 .002 085 037 -.096** 194

(.499), N=3 (.219), N=3 (0), N=0  (.333), N=2 (.687), N=1 (.189), N=2 (.084), N=2 (.508), N=3

Upper number: Pearson’s r with significance level (*: p<.1; **: p<.05); Number in brackets: width of 95% CI;
N: number of studies

INT Intention; EC Environmental concern; NS Novelty Secking; BA Barriers; BE Benefits; SN Social Norm;
GEN Gender; EDU Education; INC Income

NIVERSITAT
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PROCESS MODEL MODULES Q Hﬁ
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PHASE 1: AWARENESS

= Condition: None
« Operation each time step:
Level of interest > interest threshold?

No [1 Action module
Yes [ 1 Phase 2

Initiator Target
loop
[until positive feedback or - request communication ot
no more valid targets]
................. oy S

communicate? e call communication submodel }
no

rewire? i call rewire submodel }
no

{ NOP }

Abb. 1: Action module

) 4

O refrelative agreement )

: update interest

T Jued

Abb. 2: Communication sub module

interest

UNIVERSITAT
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PHASE 3: EVALUATION

4. Calculate the weighted utility U (i) based on weights w and partial utility Uy (i)

Financial Social Local Environment Innovativeness
N 2 | 1 1
TTr 2N\ _.... I 2 l.'\l 1 l... S 8 l.'\l 1 '... L TIT /.'\‘ 1 '... I 8 4 f:{ 1 '... I 8 4 £\ !

In SUSIC project: empirically determined weights

U(D) = 0,59 * Uz (i) + 0,01 * Ugoe (i) + 0,16 * Uy (i) — 0,10 * U (i) + 0,34 * Up (i)




COMMUNICATION: RELATIVE AGREEMENT

« Communicating agents change their values anpua:agemxianaﬁxj ------ ~@
for ENV and NS based on their counterparts

view

calculate attitude gap

. .. . ap(x;,x;) < attitude ga ap(x; ) = attitude ga
* Relevant with that: opinions and uncertainty : e = l
[ draw weighted mode ]

« Agents with extreme opinions have low T )\ mode dnergence

uncertainty and can‘t be influenced that T

strongly / don‘t influence others that strongly ' o comaenee '

applyre|ativeagreemenl] [ do nothing ] [applyrelativeagleement] [applyreverserelativeagreement}

» Level of uncertainty is adjusted after

communication (12,5 % extremists)

[update corresponding valuesJ

@ Abb. 3: Relative Agreement Submodul

2 UNIVERSITAT
EIPZIG




PHASE 2: FEASIBILITY

= Condition: Interest level = interest threshold
« Operation in each step:
Check if agent has decision authority over the roof:
(1) Agent = Owner ,Private®
AND
(2) Agent = 1-2 Houshold housing: (semi-)detatched house

Agents with decision autority > Phase 3 (Evaluation)
Agents without decision autority - Phase 5 (Unable)




PHASE 3: EVALUATION

= Condition: Decision authority
+ Operations each timestep:
1. Calculate the weighted utility U (i) based on weights w and partial utilities U, (i)
2. Check if U(i) > Adoption threshold
3. Check if Ek(i) > Financial threshold
4. (2)and (3) hold?
Yes [ Phase 4 (Adopter)
No [1 Phase 6 (Persisting)

Adoption threshold: free parameter
Financial threshold: Empirically derived; adjusted to case study Leipzig (38.827 €)




PHASE 3: EVALUATION (CTD.)

Financial Utility of Agent i
1. Calculation of agent- and year specific net present value of a 1 kWpeak PV system

trr=20

FIT *1—SC +RP *1+ t*sc*;
NPV(to Ny ) = oy Yy, e "= SO+ RPy + (7 ) - 5C)

t=1 (1 + rdep,to)t

Iy, = Net system price at time of calculation (€/kWpyeqr)
FIT; = Feed — in tarifs at time of caluclation(€/kWh)
SC = Self — consumption = 30%

RP, = Electricity price at time of calculation

p = Electricity price increase/yr = 0,03132864
E; = Yearly generation yield in year t
Taept, = Reference interest rate for saving deposit at time of calculation

O Techno-economic parameters in the year of decision relevant

S50 | UNIVERSITAT
A Erzie




PHASE 3: EVALUATION

Berechnung der gewichteten Nutzwerts U(i) anhand der Gewichte w und dem Teilnutzen U, (i)

Finanziell Sozial Lokal Umweltbew. Innovativitat
||

A A 1 ||

f 1 f 1
TTO3N ... W TT (IN [ & § 3N '... L TT f.'\‘ 1 '... L Tr f.'{ 1 '... L Tr f.'\‘

Im SUSIC Projekt: empirisch ermittelte Gewichte
U(i) = 0,59 = Us (i) + 0,01  Ugoec (i) + 0,16 * Uy (i) — 0,10 * Upe (i) + 0,34 * Ups (i)




PHASE 3: EVALUATION (CTD.)

Financial Utility of Agent i

1. Calculation of agent- and year specific net present value of a 1 kW ___ system

peak

Hso1qr,(N;) = Global raditation per m* with angle N; (kWh/a)
V(A;) = Factor for orientation,1 — (loss for rooftop orientation) (%)
Nt, = Module ef ficiency at time of calculation (%)

D = Degradation/year = 0,5%

PR, = Performance Ratio, 1 — (Losses during operation) (%)

O Agent-specific roof angle and orientation relevant

#e A | UNIVERSITAT
LEIPZIG




PHASE 3: EVALUATION (CTD.)

Financial Utility von Agent i

1. Calculation of agent- and year specific net present value of a 1 kW ___ system
N 1
Ur @) = T e tpvo A —NFvey)
—k = Logistic faktor 12

NPV,, = @ NPV

- Utilities between 0 and 1

- Average system: U(i)=0,5

- Below average system: 0<U(i)<0,5
- Above average system: 0,5<U(i)<1

-1500 -1000 -500 0 500 1000 1500




PHASE 3: EVALUATION (CTD.)

Social and local utility of Agent i

_ ActualadoptersSg,cial — , Actualadopters;,cq
Uioc @) = : Uloc(l) = :
PotentialadoptersSgycial Potentialadopters;ycar
The social environment includes all agents that The spatial environment contains all agents that

are connected to agent i via an edge in the graph  are within the radius of max, of the current agent
max, = Distance filter

1 Distribution in the spatial and social environment relevant: active and passive peer effect

AT
£fia 0 | UNIVERSITAT
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PHASE 3: EVALUATION (CTD.)

Environmental and innovativeness utility of agent i

Uec (1) = ec(i) -

ec(i) = environmental attitude agent i

[0 Personal motivation factors

Upns (i) = ns(i)

ns(i) = Innovation attitude of Agent i

| UNIVERSITAT
! EIPZIG



PHASE 4, 5 AND 6: ADOPTER, UNABLE, PERSISTING

Phase 4: Adopter

Condition: U(i) > adoption threshold and Ek(i) > financial threshold
Operation in a time step: like phase 1

Phase 5: Unable
Condition: Agent # Owner ,Private“ and/or agent # 1-2 housholds
Operation in a timestep: like phase 1

Phase 6: Persisting

Condition: U(i) < adoption threshold and/or Ek (i) < financial threshold
Operation in a timestep: like Phase 1




