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Introduction

• Advances in electricity generation and storage
technology, as well as Information and
Communication (ICT) have led to a rapid increase
of prosumers

• The emergence of prosumers raises a series of
challenges that cut across technical, social, and
institutional dimensions (e.g., the utility death
spiral)

• The emergence of prosumers calls for an
assessment of distribution tariffs that takes into
account consumers behavioral factors

Consumer-centric energy systems
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Research question

• Research question:

• What is the influence of both peer effects and distribution tariff structures on 
the adoption of integrated photovoltaic and battery energy storage systems as 
well as on the utility death spiral?

• Contribution

• A novel modeling framework that:
• Incorporates the effect of social and attitudinal components into residential consumers’ DERs 

adoption decision-making

• Considers the interplay between DERs adoption and the evolution of the distribution tariff
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Research approach

Model conceptualization

Physical
network A

Social
network A

Physical
network B

Social
network B

Socio-technical system

External factors Criteria
• Solar panel cost
• Battery cost
• Wholesale electricity prices
• Electric loads 
• Residual demand

• Deployment solar panels
• Deployment batteries
• Distribution tariff 

evolution

Net 
consumption

Network
charges

DSO

Problem owner
Regulator

Can use

Defines

Annual net-volumetric 
distribution tariff (NET)

Hourly offtake 
volumetric 
distribution tariff (POS)

Hourly bidirectional 
volumetric 
distribution tariff (BI)

Annual maximum
offtake capacity 
Tariff (CAP)

Annual maximum
bidirectional capacity 
Tariff (CABI)
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Research approach

• Theories

• Theory of planned behavior

• Diffusion of innovations theory

• Methods

• Agent-based modeling.
• Overview, Design concepts, and Details (ODD) protocol

• Pattern Oriented Modeling (POM)

Theories & Methods
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Research approach

Theory of planned behavior*

Beliefs and 
evaluations

Attitude towards 
the behavior

IntentionSubjective norm

Intention
Perceived 
behavioral 

control

Beliefs and 
evaluations

Behavior

Ajzen, I. (1991). The theory of planned behavior. Organizational 
Behavior and Human Decision Processes, 50(2), 179–211
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Research approach

Diffusion of innovations theory*

Rogers, E. M. Diffusion of Innovations 5th Edition (Simon and 
Schuster, 2003).
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Research approach

• ABM positioning

How DOES the system evolve/is 
operated?

How SHOULD the system 
evolve or be operated?

Normative/prescriptive Descriptive

Projected transition pathway = 

f(policy, market design, agent 

behavior)

Optimal transition pathways

Optimization models

Equilibrium models / Agent-based models
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Research approach
Model narrative

temporal scope = 20 years

Time resolution = 1 hour

Processes

Update PV and battery cost projections

Reading price and demand profiles

Optimal operation DERs

Calculation total electricity flow

Update distribution tariff

Update status to prosumer

Evaluation investment options

Households DSO

Consumer Prosumer

If time step >= temporal scope [stop]
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Research approach

Submodels

Payback 
utility

Social 
utility

Does the 
household 

own the 
property?

For household 
in households

Total utility >= 
threshold

Update agents 
& aggregated 

result

Initialization
set of 

households

adopt

No

No

Total 
utility

yes𝑈𝑡 = 𝑤𝑝𝑝 𝑈𝑝𝑝 + 𝑤𝑝𝑒𝑈𝑝𝑒

𝑈𝑝𝑝 =
20 − 𝑝𝑏𝑝

20

𝑈𝑝𝑒 =
𝑁𝑝𝑟𝑜𝑠𝑢𝑚𝑒𝑟𝑠
𝑁ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠

• Formalization of the theory of planned behavior.

Attitude towards 
the behavior

Subjective 
norm

Perceived 
behavioral 

control
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Research approach

Input data
• Number of households = 50

• PV cost projections based on TIMES.

• Probability that a household owns the 
property = 80%.

• Households average annual electricity 
consumption:

• High income = 3900 kWh

• Medium income = 3500 kWh

• Low income = 1200 kWh

Adopter Adoption threshold

weight payback 

utility

[-] [-]

Innovator 0.4 U(0.9, 1)

Early adopters 0.5 U(0.8, 0.9)

Early majority 0.6 U(0.6, 0.7)

Late majority 0.7 U(0.6, 0.7)

Laggards 0.8 U(0.6, 0.7)
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Results

PV installed capacity

• Distribution tariff structures influences 
DERs adoption

• DERs adoption occurs faster in the 
absence of peer effects
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Results

Evolution of distribution tariff

• Distribution tariff structures influences 
the evolution of distribution tariff 

• In the long term, peer effects have no a 
significant influence on the distribution 
tariff
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Conclusions

• An agent-based model was developed to understand how peer effects
and distribution tariff structures influence households’ DERs adoption

• The creation of channels of communication enhancing the influence of
peer effects on the adoption process may significantly accelerate DERs
adoption in the short-term

• Distribution tariff structures can influence DERs adoption patterns and
the utility death spiral
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Future work

• A further step in this research would be the incorporation of elements 
of risk and loss aversion in investment decision making

• To develop a full picture of the distribution tariff spiral, additional 
studies are needed that take into account the feedback loop describing 
a shift in wholesale electricity prices driven by high PV penetration
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