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Abstract

The project involves assessing the electricity markets in practice from the challenges these, markets face, the systems operated and the changes being made in order to improve the markets. The report includes an analysis of the CA ISO as one such market to illustrate the electricity markets. Amongst the issues, the success of the corporation is also included to act as a case study for other markets.
Electricity Markets in Practice

The report is an analysis of CA ISO from the way it generates its electricity using renewable energy sources to the analysis of how much it had achieved after one year of being in operation. The effects of RTOs on electricity operations are also included. The use of data mining techniques, common markets, and probabilistic approaches are also discussed in the report.
Renewables Integration In The Operations Of The California ISO Market

CA ISO as a non-profit organization, which plays the role of supplying constant electricity to the people. The corporation supplies electricity, facilitates the selling of electricity to ensure it is transparent and fair and also carries out plans on electricity transmission as well as ensures the availability of clean energy (Petrov,Kumar & Richter, 2004). The corporation has a power plant that makes use of the wind and solar to produce green energy.
CA is a member of the electricity coordination council which promotes the sharing of resources to ensure reliability and accessibility of clean energy. The corporation uses wind and solar which are not emitted in support of renewable energy programs (Mensah-Bonsu & Jones, 2002). The corporation strives to advance smart technologies in electricity generation. The corporation does a lot of improvements in its weather forecasting to ensure the reliability of electricity.

Among the indicators, the corporation uses for forecasting are the minimum and maximum temperatures, the speed of the wind and the cloud cover. The corporation also improves its activities by making economic adjustments. The corporation also evaluates trends as well as the backcast. The corporation has been increasing in its use of renewable energy annually with further improvements expected in the future.

There are changes in the production of energy depending on seasons with more changes happening during the non-summer months of the year. However, the corporation maximizes energy production when it is available. The production of wind and solar energies also varies with every day’s weather patterns (Sadeghi-Mobarakeh, Kohansal, Papalexakis & Mohsenian-Rad, 2017). There are specific solar schedules and specific wind schedules as well.

The corporation makes good use of information with the whole production relying on the information. Meteorological information and date are key to the corporation’s activities. The weather forecast providers are also relevant to the corporation’s success. The information flow is systematic and hierarchical for accuracy and efficiency with the national meteorological information occupying the highest level.

The Effects of Regional Transmission Organizations on Electricity Markets, Operations Reliability, and Transmission Planning

The electric power industry has been restructured following orders from the federal regulatory commission. The result has been the creation of varying structures in the United States. There is also a push to have the Regional Transmission Organizations include the natural markets. The reforms also include regulation of scheduling practices in order to govern energy flow and the payment of energy. There are few RTOs which makes the resolution of seams in different regions very difficult.

There are five Independent Systems Operators in the United States currently with proposals to have more ISOs developed. There is also a need for more RTOs to ensure there is expansion and planned transmission. The change in the market structures is designed to improve market competitiveness. With these improvements, uniformity in market development is expected. Electricity is also expected to become affordable and more reliable.

The RTOs serve different market roles including reservations of transmissions and bilateral transactions (Singh, 1999). Market-based activities are another role where RTOs access transmissions directly and hybrid activities that promote bilateral agreements. The coordination of RTOs should be a continuous process for integration purposes. The integration will ultimately ensure that electricity transmissions are not biased and that the supply of electricity is very reliable.

The federal agency's orders have some procedures that it has laid down for the RTOs to fulfil. The procedures include the need to combine the large markets that are already inexistent to a smaller and more efficient number. Other issues to be considered include whether the reduction in the number of large RTOs will reduce the number of control areas and the repercussions of RTOs either profit-based or non-profit based on marketing operations.


Data Mining Based On Random Forest Model To Predict CA ISO Day-Ahead Market Prices

In order to successfully carry out its operations, the corporation daily forecasts the market prices for its electricity. The technique used to understand and measure the exact value of electricity is data mining. A neural network model is also used to tell the exact prices of electricity. According to Haq,Haller, Rahman and Iverson (2011), Decision Trees, the Naive Bayes and K Nearest Neighbor are other techniques that are used to determine the exact electricity prices.
The corporation incorporates new and extensive features, the effective ensemble learning method and insightful case studies to help with its forecasting and price determination for its electricity. The corporation operates two different markets which are a day ahead of markets and real-time markets all of which require appropriate forecasting. There is also a security constraint unit commitment tasked with adjusting the generation, the export, and import of electricity based on the forecasts.

There is however a proposed new model to help with forecasting. The Ensemble Learning Model is believed to be very effective in predicting the exact values and in classifying the prices in the corporation’s day-ahead markets.  The model has very short and short term features, long term features, temporary features, and geographical and network condition features in its engineered system. These parameters are expected to help the corporation with proper planning and efficient forecasting. The model also offers a learning method as well as a case study.

In the case study is the description of the data used, the prediction results including the exact values and the labels. The findings from the case study are then compared with existing literature and then the discussion follows. The discussion involves the analysis of the exact values. The average price is discussed and its deviation is also noted. The variations in time are also noted. The ensemble learning model is thus effective in predicting prices. Other variants that could be considered are temperature change and fuel prices.

The Use of Common Information Model in Electricity Market at California ISO

Following the creation of a new electricity market that posed a challenge TO CA ISO, the corporation adopted SOA technology and made use of the IEC CIM standard as its communication platform. SOA based messages were created to ease communication amongst the corporation’s different vendors and also in line with the set legacy systems (Haq,Haller, Rahman & Iverson, 2011). In the use of the Common Information Model, CAISO has two distinct network models.

The CAISO grid reliability network model is used by the application programs. The market network model is used for marketing systems. The grid reliability model is composed of a representation of the networks controlled by CAISO including the power network.  The model is then converted into a common information model that is then included in the modelling tool combined with a representation of the substation and then the necessary updates are made.
The market model is not as different. There is a bus branch model that is only connected to the market network model. The model is then introduced to the modelling tool. The CAISO electricity market further differentiates between the day-ahead market and the real-time market. The Common Information Model is used in different systems at CA ISO. These systems include the Automated Dispatching Systems, the CAISO Marketing Results Interface, the Congestion Revenue Rights, the Automated Load Forecasting System, the Energy Management System and the Demand Response System.
The Common Information Model is, therefore, a primary model at CAISO with all the major operations at the corporation involving the use of the model to realize the desired goals. The Common Information Model is also used to maintain the distinct networks at CAISO. the use of the same for messaging and legacy purposes shows how beneficial the model is in resolving issues at large energy plants and should be adopted.

An ISO Market Settlement Design Validation Approach Using Probabilistic Market Simulation Study Techniques

It is evident that market prices currently are purely based on the electricity network and the offer information that is available to the vendors and consumers. Electricity markets have therefore adopted new ways of mitigating risks they face with marketing. This is mainly done using financial instruments that are deemed uneconomical. However, the probabilistic techniques for ISO market simulation are economical and are used by CAISO.

The approach is used to validate settlement systems which in turn helps prevent uncertainties and the difficulty of predicting market conditions. The model is therefore presented in various stages right from the different methods of the probabilistic approach. The methods include black-box testing, white box testing, and comparison. These methods are used based on the high level of specifications needed with the comparison being the most specific method (Mensah-Bonsu & Jones, 2002). The tests are also done based on the requirement specifications for the system to be tested.

The second phase of the model is problem formulation. An ISO settlement system has a lot of modules with data sources, input and output interfaces. The data then flows to the core settlement. The data varies from day to day, weekly and even monthly and yearly. The core settlement contains a set of configuration rules that transfers input from the market settlement database. The results are then stored before being reported to the finance people in the corporation.

On model further has a structured implementation phase which includes an overall design and system implantation. During the system implementation, there are several tests carried out. Proper configuration is then undertaken with consideration on multi-market capability, business rule sets, audit trait, validation rules, and settlement calculations and run control. The results are then obtained to show how to market simulation can be carried out. Different market scenarios can, therefore, be constructed based on specific market protocols.
The California Electricity Market: An Assessment of the First Year of Operations

California Independent System Operator turned a year in 1999. The corporation had had its market design has incorporated several new features. The CAISO does not run a day-ahead market rather the day-ahead activities are run by competing for scheduling coordinators which have the Power Exchange as the largest body and runs day-ahead and hour-ahead markets. From the review, the Power Exchange seemed efficient especially with the use of market simulations. However, due to liquidity complications, the hour-ahead markets were abolished.

CAISO has also been successful in ancillary services. Given that the corporation was the first attempt to establish competitive auctions for ancillary services, it has managed to avoid the anticipated problems. The corporation has overcome the consequences of selective application of price caps on utilities as anticipated by the federal regulatory body. The allocation of costs based on demands by schedule was also an anticipated problem but the corporation overcame it.
With regards to the regulation of ISO costs, Sadeghi-Mobarakeh, Kohansal, Papalexakis and Mohsenian-Rad (2017), warns that the running of the reliable grid system requires heavy cost management and operational maintenance. CAISO had also been using Reliability Must Run which are usually very expensive and yet a year after its operationalization it was effectively managing the costs. CAISO also used the out-of-market dispatch occasionally with success despite the services being extremely cost-ineffective.

Petrov,Kumar and Richter (2004), report that the Unaccounted for Energy Charges had also been successfully incurred by the corporation. The high administrative costs also characterized the first year of the corporation's activities. The CA ISO has a governing body with twenty-five seats got through voting being occupied by individuals representing each conceivable stakeholder group. The body is feared that it could be a platform for public policy debates as opposed to being exclusively focused on ISO operations and management. The ISO had made many changes to its electric system and the allocation of operation costs by the end of the one year of existence. 
Conclusion

The analysis of CAISO to study the practice in electricity markets is very efficient. The use of renewable energy sources to generate energy is relatable to many different electricity markets. The use of techniques like data mining in the system's operation is also key to understand. The effects of RTOs on electricity markets are also very relevant and practical. The successful use of the probabilistic approach to carry put validation activities is interesting. The use of common information models in electricity systems has also been illustrated by CA ISO.

The analysis of CA ISO’s milestones only a year after its operationalization is very practical. The fact that the corporation has successfully overcome the challenges that were anticipated is interesting. The governing structure is also looked into and the appropriate caution is sent to the body. as much as the corporation has had several high-cost activities, it has successfully managed the cost including the unexpected costs. The corporation has also been adopting new changes every other time to increase its efficiency.
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