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Overview

Preventing further climate change due to high greenhousegases emissions has demandel higher
controland uncrstanding of the problematic fom governmentsand institutions (IEA/IRENA, 2016).
In particular, the energy sector is key to standaganst sud emissons,espesially the electrical power
indudry. The transition from fossil fuel to renewable energies, mainly wind and solar, is beng
encourgged al aaossthe globeas sources of green eledricity geneation, supporté bytheagreenens
achievad in the Kyoto protomls and, recently, in Paris (UN/FCCC, 2015; OECD/IEA, 2016)
However, theinclusion d renewable resoures in the electricity spotmalikets entails great chall enges
and uncertainty regarding the price stability and energy supply, thusaffedingtheenergy seaurity. The
investrent costsin renewable resources technolagy; current prices of fosdl fuel —oil, gas, and cod;
eledricity dispatd in spotmarkets; supportivegovernment policies and intermittence associded to
climatevariationsmakehighly complex the decision-makingprocesson investnent in new installed
cgpeacity and generation of dedricity with renewable resources.

Oneway to addresstheimpad of sud resoures in eledricity spotmalrkets is usingSystemDynamics
models;which, basad onfeedback, cycles and ddays al ow for better understanding of the dynamics
of spotmarketswhenit is necessay to evaluatesevera aternativesin diff erent scenarios. Inthis pape,
we present a dynamic hypothesisassocated to the eledricity spot systems - represented by the
causdity among system variables. Our results pave the way towads better decision-making by
authorities in orde to solve léengesassocided tothe ystem.

This article is structured as follows: we first present an introdudion followed by the theoreticd
fundamentds on electricity spotmarkets. Furtheamore in the third section, we devdop the Systam
Dynamics methodolgy and present the concegptud model, the mathenaticd formulation and the
results of the basecase and seenarios andyses in the contex. In the fourth section we discussthe
resultsto findly conclude.

M ethodology

In this pape, we study theimpact renewablesresouraes using SystemDynamics modelsto simulate
the elediricity spotmarket behaiour in multiple scenarios thatcan, in turn, facilit ate future decisions
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within theenergy sedor. To do so,we useamodd basal oncausdity between system variablessud
aselectricity demand,supply and price, expectedprofitability, andinstall ed cgpecity; feedback; cycles;
and deays, and ushg daafromIEA (2016, and the methods fom Seman (2000); Soft (20@2).

Expected results

The renewable soures of energy are beng promoted to reduce climate change. However, it is
necessay to undestand the effeds of sud sour@s on price and energy seaurity in eledricity spa
markets. Our numeica approah suggsts that renewable energy inclusion in the electricity spa
markets geneate postive effeds in the energy suppl curve, thus eiminaing firms with high
prodwction costs On the other hand, the inclusion of this energy prodwces high variations in the
elecricity price levd due to the intemittence in the eledricity generation; thus impading the
profitability of conventiond firms, install ed cgpacity, and energy security. Furthemore, we andysel
different scenariosto undestandthebehaviour of eledricity spotmarkets unde current conditionsand
future participation of renewable energies in the energy matix. Results suggest it is necessay to
diversify the matix, to permit the inclusion of renewable souces into electricity market, given that
ther is a selous poblem with revenues and energy seaurity in one dg in aday-aheal maket.

Conclusions

In the current contex, the eledricity spotmalikets strudure requires signifi cant changes to includea
bdanae among cost of éedricity, environmernal impact and ngative extemditi es. A larger inclusion
of eledricity suppl fromrenewable resoures emerges asthepath tofollow. Inthisdiredion, diff erent
energy geneation sour@s can competein the eledricity spot markets under red benefits and cos
prodiction. A stableenergy price based ona stabk energy suppl would not affed new investnents
in installed capacity. However, it is required thatthe investment costin new installed cgpacity using
renewable resouces continues droppng, thus being more profitable than the conventiond
tednologes (especially given the current fossil fud price level) and all owing to truly standagainst
greenhousgyases emissons(Lund ,Lindgren, Mikkila, & Salpakai, 2015)
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