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Extended abstract:

The article aims to develop a micro-world for learning and understanding the dynamics of diffusion of non-
conventional renewable electricity generation technologies in Colombia by implementing different
promotion policies. A system dynamics model was used to model the behavior of the available potential
and the installed capacity of different electricity generation technologies in Colombia. With the diffusion
model a game platform (microworld) was developed in which participants can implement different policies
according to their needs and gain feedback.

A diffusion model was developed using systems dynamics to represent the new installed capacity of
renewable energies, for different generation technologies (Solar photovoltaic, wind, Biomass and
Hydraulic), this model was an adaptation of Arias-Gaviria, Carvajal-Quintero, & Arango-Aramburo (2019).
The model calculates the expected profitability for the new installed capacity as a function of the electricity
exchange price and the levelized energy costs (LCOE), taking into account the learning rate for the
investment and operational costs.

Subsequently, the virtual environment for the learning-oriented microworld was designed following the
methodology proposed by Valencia O, Victor Riascos M, & Nifio Z (2011), in it we defined characteristics
such as the role of the player, as the regulator of the electricity market. In addition the player decisions were
defined as the incentives that to implement for the generation technologies and in what period of time the
player wishes to implement them. Also we define that the player can choose between several generation
scenarios, in terms prices scenario, costs, plant capacity factors and learning rate. In the design of the virtual
environment, we developed the technical architecture of the microworld, which is carried out through the
Stella Architect (2.0) (Isee Systems, 2020).

The results of different microworld pilot tests are analyzed to evaluate the feedback on the diffusion of non-
conventional generation technologies obtained by the tested subjects, and the learning effect that it has in
them, using a pre and post test to verify the adquired knowledge by the game. Figure la presents the
simulation results of the system dynamics model for the behavior of the available potential and the installed
solar photovoltaic (PV) capacity. Figure 1b shows the levelizing costs of solar PV energy and the electricity
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Figure 3 shows the results obtained on micro-world, after making decisions about high aggregate taxes and
high expected prices. It can be seen that the potential available in the 2030 horizon is not achieved, since
the expected profitability for the new installed capacity is not very high.

price of the Colombian market. The simulated scenario has as reference the operation and investment costs
for a generation plant in Cauca Valley in Colombia. As it is shown the available solar potential will ran out
in 2028 approximately.
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Figure 1: (a) Solar PV Diffusion (b) solar PV LCOE and price
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Figure 1: High prices and aggregated taxes scenario microworld screenshot.
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The creation of different scenarios and policies in the micro-world has very wide limits, so users can recreate
their needs and interact with the policies they want. The micro-world offers the possibility of observing
results and having feedback regarding the Market, generation costs, emissions and the contribution of each
technology to the total installed capacity of the country and the changes that are generated in the 2030
horizon when different incentives and policies are implemented.

Given the current situation of energy transition in Colombia to renewable energies, it is important to have
tools such as micro-worlds, which facilitate the understanding of the energy system since it has multiple
interactions and non-lieal behaviors, which make it a complex system.

In addition to the energy transition, the high rate of implementation of policies and regulations that generate
changes in the Energy System make it difficult to understand it’s bahevior, the micro-world is expected to
serve as a tool for understanding the dynamics of the electricity system, and also experts as users of
electricity can understand the changes in the system.

The preliminary results allow us to conclude that micro-worlds can contribute to making better regulation
decisions in the electricity market in Colombia, avoiding the implementation of policies that generate
conflicts in the system, implementation delays and providing a holistic view of the system.
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