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Infroduction

i - |

m Forecasting the diffusion of residential Photovoltaic systems in Austria: An Agent-
Based Modeling Approach
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Introduction
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m Technological Diffusion and Agent-Based Modeling
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Diffusion of Innovation Theory
Source: Own lIllustration based on Rogers (1962)
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- Feed-in Tariff [€- Average Wholesale Electricity Capital Incentives on

Capital Incentives [€/kWp]
Year Ct/kWh] Selling Price [€-Ct/kWh] Batteries [€/kW]
5-10 kWp 5-10 kWp

7.28 0 0

“ 39.98 4.72 2500 0 0

38.00 4.66 1300 0 0

38.00 5.66 1100 0 0

27.60 4.87 800 0 0

18.12 4.02 200 200 0

12.50 3.53 200 200 0

12.50 3.23 200 200 0

8.24 2.70 275 375 0

7.91 3.33 275 375 0

7.91 4.45 250 250

7.67 5.10 250 250

“ 7.67 3.99 250 250

7.80 285 250

“ 0.00 33.43 285 285

“ 0.00 16.87 285 285
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Overview of Agent-Based Modeling
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Adoption Decision is Influenced By Four Factors:

Income Utility
Partial utility that depends on the
Households Income

Influence Factors:

1- Payback period of Investment

» State of living + Education level
2- Environmental Utility »  Household type * Age class

Economic Utility B :

Parialuilty depnts cnpaviack | - | W ETT————
. o Agent
period of investment

: . . / Partial Utility depends on the proportion
\ | Decides to invest in the PV system /
Influence Factors: . Investment costs|

(Economic Utility)

Adoption Decision is

of use of self produced electricity
influenced by . Produce.d.amount . Yearly_ f“ﬂ;en_ﬂ‘i 5351_03"51 1'-.\ Inﬂuencg l'jactors: .
of electricity operational artial Uttty \ * Electricity Consumption
* Consumption rate expenses / |+ Utility Weights I"'.' Home type
of electricity *  Government / f‘_ﬂ_/_‘__,__——‘f"“‘“——_\_\__
3- Household's Income 4- Communication Utility + Battery Adoption Subsidies | —

/ Partial Utility that depends on the number
of links to other adopters.

Influence Factors:

«  Agent’s Sinus-Milieu

+  Number of adopters linked to Agent

Communication Utility
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Overview of Agent-Based Modeling
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Initialization | All Austrian Households |
9 States | Burgenland | | Lower Austria | Styria |
X
4 Age Groups | 18 -24 | | 2549 | | 50— 64 | | 65+ |
X X
Single Two Two Two Three or Three+
8 Household Single Person Two Adults Adults Adults adults
Types Mg with Adults || withone || with2 with 3+ :3‘:5‘: with Example Agent
X children Child Children || Children s children
3 Educati General Attributes:
le]:::lls on | Primary Education | | Secondary Education | | Higher Education | .
X = State: Vienna
4 Home Types | Owned House | | Rented House | | Owned Apartment | | Rented Apartment | = Age class: 25-49
= = Household type: Two Adults
3456 = Education level: Secondary Education
= Home type: Rented House
Subgroups

= Year: 2015

Individual Attributes:

= Sinus Milieu: Post Materialist

= Household Income: 31,000 €/a

= Electricity Consumption: 3500 kWh/a
= Electricity Production: 3000 kWh/a
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Overview of Agent-Based Modeling
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= Dynamic and growing population (number of households)
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Overview of Agent-Based Modeling
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= Economic Utility considers:

Investment costs

Capital incentives

Feed-in tariffs

Savings from self-generated electricity

Administrative and Maintenance costs
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Overview of Agent-Based Modeling
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. Number of Mean Median . L.
= Environmental Utility considers: Number of ean edian Standard Deviafion
m Electricity consumption of 1 3225 2.957 1416
household — assumed to be quite 2 4,836 4,528 1.844
. 3 5.850 5,561 2.019
high At 6.113 5.568 2.197
s Consumption covered by the Electricity Consumption by Household Size (Source: Odyssee-Mure, 2022)
renewable generation
State Owned House Owned Rented Rented
= Household 'I'ype Apartment House Apartment
Burgenland 66% 3% 9% 22%
= Logarithmic probability distribution Carinthia 47% 8% 12% 33%
Of household Consumpﬁon Lower Austria 5:»0/.'3 80/.:3 8%' 29'2-':0
Upper Austria 44% 9% 18% 20%
Salzburg 34% 17% 27% 22%
Styria 44% 12% 16% 28%
Tyrol 36% 18% 25% 21%
Vorarlberg 39% 17% 24% 20%
Vienna 5% 15% 45% 35%

Home Type Distribution (Source: Statistics Austria, 2023)
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Overview of Agent-Based Modeling
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Logarithmic Distribution of Electricity Consumption of a 1 Person Household
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Logarithmic Distribution of Electricity Consumption of a 4 Person Household
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Overview of Agent-Based Modeling
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= Communication Utility
considers:

= Interpersonal
communication model

= Higher communication
utility — social circle
containing more
adopters
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Preliminary Results

|

= Three Scenarios (PV Prices):

m Baseline
m CAGR of PV prices (-6.8%)

m Pessimistic
m CAGR of PV prices (-3%)

= Optimistic
m CAGR of PV prices (-9%)

FutuRES-1:\'

= Three Scenarios (PV Regulations):

m Baseline

= Expiration of Zero-Tax Policy at the
end of 2025

= Moderate decline of financial support

m Pessimistic
s  Complete cessation of incentives for
PV systems from 2026
= Optimistic
s Continued support of the Zero-Tax
Policy
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Preliminary Results

|

= Pessimistic:
= Slower decline of prices
=  Adoption relatively low
= Less favourable financial situation —
slow growth rate
= Optimistic:
= Substantial increase in PV demand

m Deceleration in 2040s — market
saturation & shrinking pool of
potential adopters

= Most early and mid-market
segments already transitioned
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Preliminary Results

1

= Optimistic:
= Highly correlated with Baseline
= Dipin 2040s - large group of
potential adopters re-entering
market
= Pessimistic:
= Sudden short-term dip in adoption

= Late convergence - potential
adopters delaying investment
decisions

= Impact of incentives diminishing
over time as costs decline
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Preliminary Results
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Residential PV Adopters per Year 166
3.7 Million
N o _/— Installations
140000 L3
g ——— -
—mllm | 1
_ L]
120000 1 i I3.0
[ N
]
—rl ] i 2.5
100000 T P . .’LEJ
" |#] g
g g z
§ ] ‘ 2.0 2
< 80000 | - 2
b ] 2
o
5 ~ 2
£ m o E
2 o 153
60000 o z
] 3
_ I
1.0
1d
40000 - ]
Lo
L]
m ] 0.5
20000 - Lo
L]
H o
v—oﬂ |_| 0.0
0 = ,

T T T
2010 2020 2030 2050

1 Million
Installations

Projected PV Adoption — Baseline Scenario

C |

RWTHAACHEN
UNIVERSITY




Preliminary Results
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Percentage of Cumulative Adopters per Year
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Preliminary Results
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Cumulative Number of Adopters

Cumulative Residential PV Adopters per State
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Preliminary Results
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Adoption per Home Type per Year in Upper Austria

Adoption per Home Type per Year in Vienna
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Modifications in Progress

= Sensitivity analysis for the PV price level (PV cost data from AlIT)
m Further calibration using Survey Results
= Addition of an ML-Based Approach

m Potentially improving regional insights

m Contingent upon the availability of more data from OeMAG
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Contact:

Chair of Energy Economics and Management,
Institute for Future Energy Consumer Needs and
Behavior (FCN-ECO)

E.ON Energy Research Center

Mathieustrasse 10, 52074 Aachen, Germany
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Kagan Yuksel, M.Sc.
T +49 241 80 49 831
kagan.yueksel@eonerc.rwth-aachen.de

http://www.fcn.eonerc.rwth-aachen.de
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Thank you!

This project is funded by the Klima- und Energiefonds and carried out within
the Austrian Climate Research Program (ACRP)
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