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Abstract

Decentralized energy models such as Peer-to-Peer (P2P) electricity trading schemes can
provide a new and effective solution to increase the use of clean and renewable energy
source, in a situation where traditional electricity networks are confronting problems
such as energy imbalance, increased consumption, and environmental constraints. In this
framework, this study examines the effect of P2P electricity trading in the growth of solar
electricity generation in selected countries during the period 2000 to 2023. The effects of
variables such as the implementation of the P2P policy, electricity price, population, per
capita income, annual temperature, solar panel price, and composite economic development
index on photovoltaic electricity generation have been analyzed using the dynamic
panel data method and the systemic generalized moment estimator (GMM). Results
indicate that the P2P policy has a positive and significant effect on the growth of solar
electricity generation and plays an important role in enabling consumers and increasing the
motivation to invest in clean energy. Furthermore, economic and climatic factors including
factors such as growing electricity prices and air temperature have been identified as key
drivers in the incentive to install solar panels. Findings suggest specific policy solutions
for countries facing an energy crisis, while providing valid empirical evidence including
Iran. For Iran specifically, successful P2P implementation requires comprehensive legal,
technical, and economic infrastructure development, including specific trading regulations,
digital infrastructure enhancement, smart grid management, financial incentives for solar
installations, public education programs, transparent electricity pricing reforms, and local
energy market development to achieve sustainable decentralized energy transition.
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The issue of imbalance in electricity generation has become one of the growing challenges

1. Introduction

in developing countries including Iran in recent decades. The Iranian electricity network to
face instability in electricity supply emerged as a result of continuous surge in demand for
electrical energy, the growth of household and industrial consumption, high dependence on
fossil resources, and the lack of sufficient development in renewable energy infrastructure.
This situation has not only had a negative impact on energy supply, but has also been
accompanied by destructive consequences such as unplanned power outages, reduced
economic productivity, exacerbated energy inequality, and increased greenhouse gas
emissions.

In such situations, the need to reform the structure of electricity generation, distribution,
and consumption has become an inevitable necessity. Incidentally, one of the new and
innovative models is the Peer-to-Peer (P2P) electricity trading scheme. Consumers can
become electricity producers themselves and sell their surplus electricity directly to other
consumers in the local network, without local consumers being required to supply energy
through the centralized electricity network in this model. This approach is founded on
concepts such as decentralized electricity supply, the sharing economy, and digital
technology which has been accompanied by the growth of home solar panel installations
in various countries.

Implementation of this policy can encourage the development of solar electricity
generation, increase the resilience of the electricity network, and improve the efficiency of
the energy supply system in addition to reducing pressure on the central electricity network.
However, empirically examining the effect of the P2P policy in different countries in terms
of its impact on the actual growth of solar electricity generation is well-intentioned to do
further research. Analyzing the potential effect of this policy can be very helpful for
policymakers and macroeconomic decision-makers in resolving electricity imbalances.

The key aim of this paper is to empirically examine the effect of implementing the P2P
electricity trading policy on solar electricity generation in the selected countries. For this
reason, countries are divided into two groups with and without P2P policies, and its effects
are modeled econometrically over the period 2000 to 2023. The main research questions
include as follow:

1. Given that countries with and without P2P policies are measured simultaneously,
does the implementation of this policy affect the growth rate of solar electricity generation

in countries with P2P policies?
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2. Does an increase in network electricity tariffs result in an increase in the use of solar

panels for electricity generation?

3. What economic factors (such as population, per capita income, solar panel prices, and
the economic development level index in line with the dependence on renewable energy)
along with the share of renewable energies and geographical factors affect the growth of

solar electricity generation?

2. Methodology

As an applied type, this study is done with a quantitative approach based on panel data
analysis. In order to control the endogenous of variables and investigate the dynamics of
the system, the GMM system method has been utilized since it is appropriate for dynamic
models with a panel structure. The statistical population of the study includes the 10
selected countries in the period 2000 to 2023 including Australia, Germany, the
Netherlands, the United Kingdom and the United States which have been selected as
leading countries in implementing the P2P plan in this study, and New Zealand, France,
Sweden, Italy and Chile as countries which have not experienced implementing this plan.
The dependent variable of the model is the amount of electricity generated from solar
sources. The independent variables include the implementation of the P2P policy (binary
variable), electricity price, the share of renewable energies in total electricity generation,
public energy research and development costs, population, average annual temperature,

solar panel price and per capita income.

3. Research Findings
Results of the GMM system model estimation indicate that the implementation of the P2P
policy has a positive and significant impact on solar power generation. Average higher
growth in solar power generation in countries that have implemented this policy have been
reached in comparison to countries without this policy. In addition, the increase in the price
of network electricity as an incentive variable has led to a greater inclination to use solar
panels. Results also confirm that reforming the energy tariff system can be used as a policy
tool in order to expand renewable energies. Other findings include the positive effect of the
clean energy development index and population on the growth of solar generation. Annual
temperature also had a significant effect, indicating that warmer climates provide a better
opportunity for the development of solar energy.

One interesting point to notice is that the price of solar panels also affects positively on

solar generation, which at first glance seems contradictory; however, it can be interpreted
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as an increase in demand during periods of rising prices, as well as the development of

panel technology over time. On the contrary, the total share of renewable energy in total
generation did not affect significantly on solar electricity generation. This finding could be
due to the diversity of renewable sources (e.g. hydro, wind, and biomass) in different

countries, which results in the total share to increase, but not necessarily the solar share.

4. Conclusion

It can be concluded based on the research findings that the implementation of the P2P
electricity trading policy is an effective tool for developing solar power and reducing
pressure on the central electricity network. This policy can result in increasing network
resilience, active citizen participation in energy generation, and the creation of a
participatory energy economy, in line with the strengthening environmental sustainability.
Regarding the results of the empirical model, the effective implementation of the P2P
electricity policy in Iran requires the creation of the necessary legal, technical, and
economic infrastructure. This requires the development of specific rules for electricity
trading between subscribers, strengthening digital infrastructure, smart network
management, and providing financial incentives for installing solar systems at the
household and commercial levels. Furthermore, public training and promoting energy
literacy, especially in high-consumption areas, can pave the way for social acceptance of
this policy. In addition, reviewing the electricity pricing system and creating transparency
in tariffs, along with developing local energy markets, can provide an efficient platform for
accelerating the transition of Iran's energy supply structure on the way to a sustainable and

decentralized energy supply model.
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