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VIRTUOUS CIRCLES ENHANCING THE 
TRANSITION TO RENEWABLES: CAUSAL 
RELATIONS AMONG ELECTRIC VEHICLES, 
ROOFTOP SOLAR, INSTALLATION COSTS, 
AND CHARGING STATIONS



WHAT YOU SHOULD REMEMBER

• Causal relations among rooftop solar, its cost of 
installation, electric vehicles, and changing stations 
create feedback loops that accelerate the transition to 
carbon free sustainable technologies.

• Causal relations are created by ‘learning by doing’ and 
the psychology of decision making in the real world.

• Policy must use the spatial and psychological nature of 
decision making to initiate feedback loops that 
accelerate the transition to carbon free sustainable 
technologies.



SINGLE FACTOR APPROACH

• Electric vehicles
• Up front cost
• Range anxiety
• Demographics of adopters

• Charging stations
• Location
• Type

• Rooftop solar
• Levelized cost of electricity

• Installation costs
• Learning by doing



• Is there a way to seed the system?

• Are there feedback loops?

• Causal relations among components

SYSTEM DYNAMICS



THE DATA
Charging stations Electric vehicle purchases
Installation Costs Rooftop solar

(419)
(369)
(282)

(177)

(93)



METHODOLOGY

• Time series properties
• Breitung (2000), Im et al (2003) Levin et al (2002)
• EV & Cost uncertain
• Convert I(1) to I(0) (first difference)

• Panel causality (Dumitrescu and Hurlin, 2012)

• Fixed coefficient model 𝛾𝛾𝑖𝑖
(𝑘𝑘), 𝛽𝛽𝑖𝑖

(𝑘𝑘) vary across individuals
• Fixed individual effects
• Null: homogeneous noncausality, no 𝑥𝑥 → 𝑦𝑦 any individual
• Alternative heterogeneous non causality, 0 < 𝑥𝑥 → 𝑦𝑦 < N
• SBC choses lag length

• Distributed 𝜒𝜒2 (𝑁𝑁 × 𝐾𝐾)
Dumitrescu, EI and C. Hurlin, 2012, Testing for Granger noncausality in heterogeneous panels, Economic Modelling, 29:1450-1460



RESULTS

Rooftop
Solar

Electric
Vehicles

Installation
Costs

Charging
Stations

(20) (20) (15) (14) (1)

(1)

(9)

(9)



LEVELIZED COSTS & LEARNING CURVE

• 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 → 𝑃𝑃𝑃𝑃
• Levelized cost of electricity
• Solar $48.8 per MWh 2018
• Combined cycle ($42.2 per MWh)

• 𝑃𝑃𝑃𝑃 → 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
• Solar modules are commodities
• 65% costs balance of system
• Local learning

Rooftop
Solar

Installation
Costs

(20) (20)



ROOFTOP SOLAR ↔ ELECTRIC VEHICLES

• Linked by environmental concerns
• 433% increase station powered by renewable

• Highly visible technologies

Rooftop
Solar

Electric
Vehicles

(9)

(9)

https://www.google.com/imgres?imgurl=https%3A%2F%2Famericanbuildersquarterly.com%2Fwp-content%2Fuploads%2F2012%2F05%2FResidential-Project-1.jpg&imgrefurl=https%3A%2F%2Famericanbuildersquarterly.com%2F2012%2F07%2F01%2Fhow-to-plan-and-install-a-solar-panel-system%2F&docid=Z3TOTerEhlLErM&tbnid=cmMvVC0vKWJYeM%3A&vet=10ahUKEwjCzYiov-riAhUliOAKHanEC5IQMwicASgxMDE..i&w=597&h=442&client=firefox-b-1-d&bih=707&biw=930&q=residential%20rooftop%20solar&ved=0ahUKEwjCzYiov-riAhUliOAKHanEC5IQMwicASgxMDE&iact=mrc&uact=8
https://www.google.com/imgres?imgurl=https%3A%2F%2Fblog.mass.gov%2Fwp-content%2Fuploads%2Flegacy-images%2Ftransportation%2F6a0105367f07d8970b016765a58bd7970b-pi.jpg&imgrefurl=https%3A%2F%2Fblog.mass.gov%2Ftransportation%2Frmv%2Frmv-electric-vehicle-plate%2F&docid=7L3pEgjAeUR1KM&tbnid=svw7ey_CR_TgsM%3A&vet=10ahUKEwj3gbrHv-riAhWQm-AKHXBhD7YQMwhkKAAwAA..i&w=1809&h=886&client=firefox-b-1-d&bih=707&biw=930&q=EV%20License%20plate&ved=0ahUKEwj3gbrHv-riAhWQm-AKHXBhD7YQMwhkKAAwAA&iact=mrc&uact=8


INDIVIDUAL DECISIONS INFLUENCED BY 
MEMBERS OF THEIR COMMUNITY

• Agent-based models & threshold effects
• Market share at which consider purchase
• Zip codes ~43 km2

• Norms
• Descriptive norms those who live near-by

• Collective Efficacy
• Group capable affect environment

• Empirical Support
• Social norms information > cost/ benefits EV
• More likely buy EV when neighbors do
• Social spatial network experience with EV



POLICY IN SPACE AND TIME

• Goal: Maximize PV & EV
• Exposure > critical threshold 
• Maximize population  Exposure > critical 

threshold 

• Need for exposure defines spatial resolution
• Federal, state, local 
• Implement at fine scale (e.g. zip code)

• Implementation
• Largest incentives for earlier adopters
• Incentives decline beyond critical threshold



CURRENT
POLICY FOR 
ELECTRIC 
VEHICLES
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