International Association for Energy Economics

Modeling the Transition to a Low-carbon Energy Systen - How
can an Agent-based Model Approach Complement an Optimization

Model Approach

BY JINXI YANG

Abstract

When modeling the energy transition, the agent-based
model (ABM) approach is far less used compared to the
optimization model approach. However, an ABM has the
advantage of including important features of the energy
transition such as heterogeneous characteristics of
decision-makers, bounded-rationality, historic path-de-
pendency, etc. This article illustrates and discusses how
an agent-based model can complement an optimization
model.

Modeling the transition to a low-carbon electricity
system

When studying the energy transition towards zero
CO, emissions, a wide range of computational models
have been employed for assessing its feasibility, con-
sequences and costs. These models are useful as they
may help decision-makers understand the potential
consequences of various policy proposals and make
informed decisions.

Among different modeling approaches, an optimiza-
tion model approach is the most commonly used one
in the field of energy system studies, because it shows
the potentially optimal decisions and how a least-cost
solution can be reached. Compared to an optimization
approach, an agent-based model (ABM) approach is
far less used, but its application has been growing,
partly because the existing mainstream modeling tools
are limited in their ability to include features such as
heterogeneous characteristics of decision-makers,
bounded-rationality, historic path-dependency of the
energy system, imitation and interaction among market
players. But all these features can be captured in ABMs
in a reasonably simple way.

An agent-based model is typically composed of indi-
vidual agents and an environment. In an energy system
model, an agent can be anything from a (or a group
of) power plant(s), investor(s), household(s), bank(s),
government(s), social group(s), etc. Each agent indi-
vidually assesses their situation and makes decisions
based on its goals. The observed overall outcome, such
as the transition of the energy system, is the emergent
phenomena resulting from individual agents’ actions
and interactions.

One aspect in which the ABM can complement the
optimization model is that the ABM captures the het-
erogeneity of agents and can investigate how does this
heterogeneity impacts the agents' actions and interac-
tions, and thereby, impacts the overall system. For ex-
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ample, in the field of energy tran-
sition study, one group of agents
that embodies heterogeneity is the
investors. Different investors can
have different levels of risk averse-
ness, they may have preferences
for different types of technologies, and they may have
different beliefs about the future climate policies, etc...
In the following section, we demonstrate the imple-
mentation of such heterogeneity in an ABM and show
the individual investors' different investment choices.

A simple example of using an ABM

We have developed the HAPPI (Heterogeneous
Agent-based Power Plant Investment) model and
explore the transition to a low carbon energy system".
The agents in this model are power companies who
make investment decisions in new power plants. The
goal of a company is to maximize its profit for each
investment. Companies are heterogeneous as they
have different levels of risk averseness (represented by
the hurdle rate value used by a company). In addition,
companies have limited information about how fu-
ture carbon tax levels and different companies expect
different growth rates of future carbon taxes. Some
companies underestimate the “real” carbon price, while
some other companies overestimate and some cor-
rectly estimate the tax price that is implemented in the
model.

Figure 1 shows that under an increasing carbon
tax scenario, the system transits from a coal- and
gas-based to a low-carbon electricity system. Figure 2
shows that heterogeneous companies make hetero-
geneous investment decisions. Companies that are
using lower hurdle rates (first two rows of Figure 2)
are in general more willing to invest, and they invest
more heavily in wind and nuclear compared to com-
panies that use higher hurdle rates. This is because a
low hurdle rate lowers the investment cost of wind and
nuclear plants more than the coal-fired power plant. It
is interesting to notice that, after an initial expansion,
the installed capacity of wind declines some twenty
years later due to competition from nuclear, which
then expands significantly. The impact of a low hurdle
rate is thus different for wind and nuclear in the long
run (Yang et al., 2021).

Another observation is that in the beginning years,
while those companies who underestimate carbon tax
(the first two columns in Figure 2) invest in coal power
plants, companies that expect high carbon prices (the
last two columns in Figure 2) start early in investing in
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Figure 2 Installed capacity of 20 individual companies in the base case. r is the hurdle rate agents use and - more effective policies for
b is the expected carbon tax parameter (for more detailed figure description and the model description, hieving the ener ransi-
see: https://research.chalmers.se/publication/525564/file/525564_Fulltext.pdf) ?if)n egoalgst e energy trans

gas-fired plant with CCS, as they expect a higher carbon
tax and therefore, estimate that the CCS technology Footnote

would be prOﬂtable to invest. " For more information about the study and the model, see: https://research.

. . chalmers.se/publication/525564/file/525564_Fulltext.pdf
How can ABM complement the optimization model

approach? Reference

This simple example above illustrates that the ABM [1]1Yang, )., Azar, C., Lindgren, K., 2021. Transition to a low-carbon
can complement the optimization model approach by electricity system — investment decisions under heterogeneity,
mode“ng the behavior and ]nvestigat]ng the outcome uncertainty and financial feedback, https://research.chalmers.se/en/publi-

cation/?id=525564.
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