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Overview

In this study, a system dynamics (SD) model is developed, to better understand and analyze the decentralized and competitive electricity market dynamics in the long run. The developed simulation model oversees a 20 year planning horizon; it includes a demand module, a capacity expansion module, a power generation module, an accounting and finance module, various competitors, a regulatory body and a bidding mechanism. Many features, singularities and tools of decentralized markets, such as; capacity withholding, enforced divestment, long-term contracts, price-elastic demands, incentives/disincentives, are also incorporated into the model. After verifying and validating the developed SD model, the model is converted to a microworld called as “Liberalized Electricity Market Microworld (LEMM)”. Public regulators and power companies are potential users of the LEMM, for learning and decision support in policy design and strategic planning. 

Methodology

In a decentralized electricity market, capacity expansion decisions are made by multiple self-oriented power companies. Unlike the centralized environment, decision-making of market participants is now guided by price signal feedbacks and by an imperfect foresight of the future market conditions (and competitor actions) that they will face. In such an environment, decision makers need to better understand the long-term dynamics of the supply and demand sides of the electricity market and a simulation model is a most fitting tool for this purpose.

In this study, a SD based simulation model, is developed, through Stella 7.01 R, in order to better understand and analyze the competitive and decentralized electricity market dynamics. The developed simulation model oversees a 20 year planning horizon, incremented into 240 monthly periods, and up to 5 groups of investors can be accommodated. The situation that players are faced with, at the beginning of the simulation run, is a market that has recently been opened to competition. At the heart of the model, there is electricity pooling system. The electricity price is derived from the intersection of the demand and supply curves. Feedback from price to electricity demand is also incorporated in the model.
The developed model is of guidance to both public regulators and power companies. There are up to five power companies (of three types; incumbent, new entrant, independent power producers) and a regulator in the model. The model embodies four major modules, all realistically developed and carefully put together, and as such allows a rather thorough dynamic analysis of pricing as well as capacity building decisions for decision-makers of power companies facing competitors in a decentralized electricity market. The model has a demand module, a capacity expansion module, an accounting and finance module, and a bidding mechanism. The demand module, conveys monthly and hourly variability in electricity demand and features price elasticity of electricity demand; the capacity expansion module conducts the investors’ investment decisions considering eight different power plant types in detail; accounting and finance module traces balance sheets, financial status and credibility of each investor; the bidding mechanism determines (pool) prices and apportionment of demand to be met by various producers. All of these modules incorporate comprehensive and up to date economic analysis (capacity expansion decisions based on rather detailed corporate finance analysis, to give an example). 

The model also allows the user to make a wide variety of assumptions (in terms of power plant portfolio, liquid assets as well as risk behavior) on the type of the competitors that the power company may face, and on the other market conditions (in terms of subsidies/surcharges, VOLL, seasonal effects, market structure-pure pooling or long-term contracts exist as well-, economic and financial issues, capacity addition limits on power plant types, enforced divestment, demand) allowing the decision-makers to follow the consequences of their actions in wide variety of environments with different uncertainty features. After verifying and validating the model, it is extended into an educational/scenario analysis tool called Liberalized Electricity Market Microworld (LEMM) . To accomplish this aim, the following steps are followed in this phase of the study.

First, the variables to be controlled by the active player are determined. Then, the SD model is modified in order to allow for fast, accurate and interactive inputting by assigning sliders, switches and graphical input devices to some of the converters. Then, by adding a user-friendly interface to the model, the decision making tool (LEMM) is completed. Finally, the LEMM’s functionality, effectiveness, practicality and educational capabilities are tested on 26 students of the senior level “Energy Policy and Planning” course at Sabanci University, in the Spring 2006 semester.  These students are split into 13 groups, where five groups played the Regulator role, three the Incumbent’s role, three the New Entrant’s role and the remaining two the Independent Power Producers’ role. All of the 13 groups, were informed about the overall game environment, the available options, limitations in the model, the priorities and objectives of the player types and the features of the LEMM’s interface, before the start of the experimentation.

Results

After the experiments with the LEMM at the Sabanci University, the students reported that experimenting with the LEMM have much improved their understanding of the dynamics of the electricity market. They stated that it was a good opportunity for them to share this experience and analyze market behavior through experimentation with the LEMM. 

Conclusions

Electricity industry restructuring involves a great deal of interdisciplinary concepts, including economic, commercial and environmental aspects of the restructuring process.  Consequently, the resulting system is complicated and changes continuously, thereby making history almost irrelevant. Accordingly, decision makers, researchers and students need more than case studies discussing, explaining and projecting on the past experiences. Actually, the LEMM is developed precisely due to this reason. By means of such a decision support tool, investors, regulators and researchers will have the opportunity to understand possible consequences of different decisions that they may make under different policies and market conditions. Moreover, such a tool is a risk-free way for managers to gain experience in a competitive environment which they are not familiar with. 

Additionally, nowadays introductory courses related with electricity market dynamics have been added to the curriculum in many universities. On the other hand, as previously mentioned, the electricity market dynamics, depending on various interdisciplinary concepts, are complicated. Consequently, it is not straightforward for students to understand the dynamics of the electricity market, so a teaching tool to assist students to better understand strategic behaviors in the market is thus in high demand.  In Bogazici University, till 2007, POWERWEB (developed at Cornell university) was used to be utilized as the interactive software environment) in a senior undergraduate course IE461 Energy Policy and Planning. Since 2007, LEMM has been used, as it consists of many additional features that helps the students understand the dynamics of the decentralized electricity market. 
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