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1. Introduction

Marketecture is an interdependency aware analytical tool for the vulnerability assessment of the energy market. Understanding the financial sector for crisis, consequence management, restoration, and planning is of paramount importance.  This tool enables us to analyze the role of markets and their criticality as a part of the infrastructure and control system. Its agent based, microscopic, end-to-end, scalable implementation provides new analytical methods for evaluating the impact of changes in regulatory policies on the robustness of the infrastructure.  The integration of the market model with the built urban infrastructure and the power grid allows interdependent inter-sectoral vulnerability analysis. The theory based design and architecture offers the policy makers an artificial socio-economic laboratory to perform controlled experiments.
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Fig. 1.  Interdependent NISAC Simulation.

Marketecture can provide insight into the qualitative dynamics of the markets and verify commonly held intuitions about how energy markets react to changes in the price strategies and gaming opportunities. A natural consequence of deregulation of the energy industry is the suppliers' shift of focus from reliability and continuity of operations to profit maximization.  As the obligation to maintain production and price level drops under deregulation, the physical system and the national security face unprecedented vulnerability risks. This interdependency aware tool can assess the cascading effect of power failure on other industries using inter-sectoral analysis; study interaction between network topology, network capacity and various market models; study 'what-if' scenarios; and strengthen the science based capabilities of the policy makers.

Marketecture has several unique features that distinguish it from the existing models. First, the spatio-temporal, individualistic, non-linear, elastic demand profile for each consumer has been generated using its activity, location, and demographic information.  Second, the market entities have very realistic features such as bounded rationality and asymmetric knowledge.  Third, our agents are normative, and the model is parameterized, which yields a scalable design.  Fourth, the markets are designed to be highly generic and configurable.  Any commodity (not just energy) can be traded using this market design and architecture.  Finally, the usage of the electrical grid, with all its physical characteristics, allows physical clearing of the electricity contracts.

Our current version of the tool simulates forward and real-time markets.  We examine two kinds of forward markets; bilateral and poolco.  In a bilateral market, a buyer and seller independently set up the physical and financial terms of the trade and are responsible for dispatching and receiving the physical deliveries of the commodity. We use several different matching algorithms to pair the buyers and sellers. A user can explicitly specify which buyers and sellers should be matched.  A random matching algorithm allows different buyers and sellers to be matched with a specified probability. A sealed bid double auction matching algorithm matches the cheapest ask with the highest bidder.

Once the bilateral contract is made, the participants of the contract are responsible for informing the independent system operator (ISO) about the size, source, and sink locations of the contract so that the ISO can check the transmission constraints and determine if the contract is feasible or not.

In a poolco market model, the buyers and suppliers submit their bids to the power exchange. The power exchange aggregates all the demand and supply bids by taking a horizontal summation of the individual demand and supply curves.  The aggregated demand and supply curves are then used to determine the market clearing price and quantity.

The real-time/spot market runs as an imbalance market, which clears any deviation from the forward contracts or the unfulfilled target demand.  We use a ‘pay-as-bid’ algorithm to clear the spot market.

Several different market clearing mechanisms have been studied here.

· Normal Clearing – Intersection of aggregate demand and supply curve determine the market clearing price and quantity.

· Weighted Average Clearing - Market clearing price is determined by the weighted average of all the price and quantities that got in to serve the load.

· Vickrey Auction - The suppliers are called in economic order, and the market clearing price is determined by the cheapest supplier not called into the market.

· Double Auction - The highest bidder is matched to the lowest ask in order to maximize the society's surplus.

· Pay-as-bid - Each supplier that is called in to serve the load gets its bid price.

Under Marketecture, markets can be defined as a 4-tuple (T, A, M, C) where T represents the time as to whether it is a forward, real, or futures market.  A is the level of aggregation of the players.  The consumers can be aggregated to simulate an industrial, residential, or commercial buyer. Similarly, the generators can be aggregated through ownership by a few suppliers, one supplier or many suppliers depending upon whether the market being analyzed is oligopoly, monopoly, or competitive. M is the matching algorithm, and C is the method of market clearing.  This flexible design of markets provides a unique capability for simulating many different markets by using different combinations from each tuple.








Fig. 2.  Marketecture data flow diagram.
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