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Terrasim : An Agent-Based Simulation for
systemic policy evaluation. Application to
electricity mix transition.

Tristan Bersoux, Ma¢l Franceschetti, Cédric Herpson, and Jean-Daniel Kant

LIP6, Sorbonne Université, Paris 75005, France,
firstname.lastname@lip6.fr

Abstract. We present the first steps of an Agent-Based Model aimed
at evaluating policies, calibrated on national accounts, with a use case
on French electricity mix transitions. It incorporates ecological, social,
and economic impacts for a systemic analysis. First results highlight
the challenges and feasibility of transitioning to more sustainable energy
sources, and supports our general approach. Future work aims to refine
the model, develop its energy sector, and details other sectors of activity.
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1 Introduction and previous works
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To prevent “severe, widespread and irreversible impacts globally,” scientists ad-
vise “stabilizing temperature increase to below 2°C relative to pre-industrial lev-
els” [1]. Almost 10 years after the “Paris Climate Agreement”, current policies
are still not enough to keep global warming below this objective [2]. Establish-
ing effective policies that integrate ecological, social, and economic factors is a
significant challenge. Decision-makers require tools not only to assess the objec-
tives of their policies, but also the necessary transitions to achieve them. Energy
transition is a multidimensional issue. In particular, energy and its usages in all
sectors are major drivers of climate change [1] . We propose here an Agent-Based
Model (ABM) calibrated on national accounts [3] and various technical reports
[4, 5], measuring numerous ecological and socio-economic impact indicators, with
feedback loops and systemic analysis. Using this model, we provide a systemic
evaluation of French electricity mix choices and transitions.

Classical macroeconomic models - and by extension coupled economy envi-
ronment - are limited and heavily criticized, mainly because they are developed
around the concept of general equilibrium and utility/profit maximization [6].
New approaches are needed to model the co-evolution of environmental change
and economic dynamics. The agent-based approach seems the most suitable,
having demonstrated its ability to address these criticisms and reproduce many
stylized facts [7]. ABM also excel in studying transitions and in integrating socio-
environmental impacts [8,9].

The Eurace@Unibi agent-based model [10] contains a complete economy,
with detailed goods and labor markets, and empirically-based behaviors. In the



2 Tristan Bersoux, Maél Franceschetti, Cédric Herpson, Jean-Daniel Kant

same vein, Lagom model [11] is the first large-scale agent-based model of a com-
plete economy systematically calibrated on national accounts. This is one of
the few models to integrate all three factors of production: labor force, physi-
cal capital and intermediate goods (e.g. raw materials). Finally, DSK [12,13] is
an agent-based model coupled economy-climate. Firms’ production increases at-
mospheric carbon concentration, which in turn stochastically triggers economic
shocks (disasters). Our work is a continuation and combination of the latter two
approaches.

As mentioned in previous work [8,14], there are many ABM focusing on
energy. However, many of them lack sufficient empirical data, and they usually
focus on one particular aspect (e.g. energy markets, technology dissemination)
[14], or propose an over-simplification of the energy system [15]. Our final goal is
to build a sufficiently detailed representation of the energy system and integrate
it within a coupled economy-environment model to measure its many systemic
effects and impacts.

2 Model Architecture

The model contains a population, firms, the state and an investment bank. En-
vironmental impacts are considered both during the goods - and services - pro-
duction and during consumption. We consider the following impacts : land use,
greenhouse gas (GHG) emissions, particulate matter, acidification, eutrophica-
tion, and water withdrawal.

The population consumes consumption goods (CG), builds up savings and
makes financial and real estate investments. They receive wages from firms,
financial income, rents, various benefits and replacement incomes.

Firms produce goods - or services - specific to their activity sector. For each
sector, three types of goods can be produced : CG, intermediate goods (IG),
and physical capital goods (KG). IG are used to produce other goods and are
destroyed in the process, e.g. raw materials. KG, are durable (> 1 year), e.g. ma-
chines and production infrastructure. Firms can also import and export goods.
They aim to meet the demands they receive. They define the quantities to be
produced on the basis of current inventories and their estimate of future demand.

Goods production requires three non-substitutable production factors : IG,
KG and labor force. This is modeled by Leontieff functions, with coefficients
taken from national accounts. Thus, firms can increase their production capacity
by investing in more KG and hiring more employees. Conversely, they may not
renew their end-of-life KG and lay off workers. Firms set the price of goods
according to costs and margins.

The state collects taxes from the population and firms. In return, it pays out
the various benefits and replacement incomes to the population, and subsidies
to firms. The investment bank provides financing for certain firms.

In order to contain the complexity of the problem and follow an incremental
design approach, the first version of the model is macroscopic. The population is
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instantiated by a representative agent, and a representative firm will be instan-
tiated for each sector of activity (producing each of the three types of goods).

This simplified version of the model makes it easier to calibrate to national
accounts, and provides a sufficient model base for our first use case. These rep-
resentative agents will later be broken down into a variety of heterogeneous
companies and households to correctly capture economic dynamics, as many
critics [6,16] have pointed out with regard to macroeconomic approaches. We
have validated our model by comparing its results with the national accounts,
noting a difference of less than 5% on all indicators.

3 Case study : French Electricity Mix Transition

To test our approach and its capabilities, we chose to focus on the transition of
the electricity mix. The significant greenhouse gas (GHG) emissions from energy
use in France (70% of total emissions in 2018) and heavy reliance on fossil fuels
(64% of final energy consumption) underscore the need for change [17,18]. The
ongoing debate about France’s electricity future and uncertainties surrounding
nuclear power in Europe further motivated our selection [19,20]. Additionally,
we benefit from existing extensive studies by the French electricity grid operator
RTE [18], providing a solid basis for our research.

We chose the 2018 electricity production mix as a starting point (due to
the wide availability of verified data and no major disturbance due to world
events). Three other mixes were tested as targets, representing the typical mixes
discussed in France[18, 21].

Nuclear |Solar |Wind [Hydro |Biomass |Fossil
2018 French Mix|71 2 5 12 2 8
RTE NO03 55 12 23 9 1 0
SNBC 29 22 39 9 1 0
RTE MO 0 36 52 9 3 0

Table 1. Tested electrical production mixes in our model, by share of generation source
in the yearly production. Mixes are sorted in descending order of nuclear share.

Each generation source is, for now, represented by a single firm (no compe-
tition), which also means an agent per generation source. The main goal of the
electrical system is to always meet the demand, whatever the firms’ share. It
must do so while following the target mix as close as possible. Because firms
adapt their capacities based on demands, the electricity mix evolves naturally
from the 2018 mix to the target one. Thus, if a firm’s production is limited, other
firms will take its place even if they already reached their target production (for
example, leaving a gas-fired power plant on because renewable energies haven’t
developed fast enough).

Each mix is simulated over 50 years, starting in 2018 with the actual power
plants fleet initialized. New plants construction is restricted : main parameters
include construction lead times, yearly construction capacity and lifespan, all
based on available sources [18,4, 5]. Nuclear has an additional constraint : one
plant is opening in 2024 (FLA3), and new constructions can only start after.
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The total electricity consumption is stable, and electricity firms are aware of the
target mix, and progressively build electric plants to reach this target.

Results

The 2018 French mix is no longer viable after 40 years of simulation, and
will create an electricity shortage during the renewal of the nuclear generating
fleet, progressively freezing all sectors of activity. The shortfall amounts to 109.1
TWh, spreading over 6 years. For comparison purposes, however, Table 2 shows
this mix’s key impacts in the case where these 109.1TWh were imported.

The SNBC mix has not been achieved, wind power only reaching 9%. In-
creasing construction rate of wind power plants to achieve full transition is not
supported by the rest of the economy: combined with renewals, the demand for
physical capital creates a shortage of goods in less than 30 years.

The MO mix is not reached either, even with increased construction capaci-
ties, but causes no economic crash. In every case, renewable power plants reach a
plateau, the construction capacity becoming dedicated to the renewal of existing
plants. Moreover, to compensate for the massive reduction in nuclear power, fos-
sil fuels need to be maintained during the transition and even after, considerably
increasing pollutant emissions, see Table 2.

The NO3 mix can only be achieved if the rate of construction of wind power
plants is increased to 4 GW/y. According to our results, this is the only mix
that is achievable and viable without recourse to fossil fuels over the next 50
years, with a transition that minimizes most systemic impacts, including costs
and environmental ones.

2018 SNBC NO03 MO
GHG (Mt COze) 20.41 2.13 1.49 12.3
water withdrawal (M m?) 326 194 251 167
surface (M m?) 114 177 130 208
particulate (t TSP) 253 26 18 151
eutrophication (kt N) 13.12 1.37 0.96 7.89
acidification (t Aeq) 435 45 32 261
investment cost (Md €) 303 crash 455 555
employment (k FTU) 237 crash 300 345

Table 2. Direct impacts of electricity production during the last year of simulation
for each mix. These data correspond to the mix achieved in the simulation under best
conditions, which may differ from the target mix. Cost is summed over the simulation,
employment is averaged and includes both direct and indirect jobs. The lower values
are highlighted in bold.

4 Conclusions and Future Works

The current model, despite its homogeneity, already shows promising results on
the impact of various electricity mixes and their feasibility. It gives valuables
insights of the cost of transition, and necessary construction rate.

We wish to extend this preliminary work in many ways : more detailed agents,
detail other sectors of activity, extend electricity by adding markets and model
the energy transition (including electrification and consumption habits).
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