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1. Introduction: Electricity Market Transformation in North 
America 

In the last 20 years, electricity markets have experienced multiple changes and 
adjustments. Such improvement led to various new products and services, complicated 
market models and complex algorithms for calculation of market parameters. Electricity 
market development was associated with the optimization of market data presentation, based 
on market development trends, bifurcation points and changes in fundamentals. 

With the electricity market developments, the traditional role of each participant has 
changed. The generators operate their plants as options; suppliers act as portfolio managers, 
offering more and more complex products, which are most suitable for them. Trading 
companies add risk management and liquidity functions to the market. Price discovery occurs 
through various product offerings, from the traditional to the most sophisticated ones 
including forwards, futures, options, capacity auctions, tolling, indexation products among 
others. Most of these products can have financial or physical settlements. The nature of the 
contracts, physical or financial, does not imply the aim of the operation, hedge or 
speculation. There is a strong regulation around physical and financial electricity markets 
that constrain the type of products and markets, its functions, and the behaviour of all 
participants, even having import limits and operational obligations. Price protection 
mechanisms also exist in some regions, imposing specific price caps. 

Currently, all power system owners and operators have a need for advanced 
presentation layers to provide analytics based on multitude of industry elements. 

In the beginning of market development, fuel-burning nature of energy production, 
electricity market expansion was driven by development of natural gas, coal, oil and 
petrochemicals and other fossil fuel markets. For example, electricity price forecast models 
can hardly be imagined without ANOVA linear or non-linear regressions with fuel price 
parameters or random-walk simulations of fuel prices. With environmental regulation came 
in place in the beginning of 2000s, such models were improved by renewable standards 
blocks and intermittent generation by renewable sources. 

Time-series energy dispatch models were also enhanced by new ancillary service 
products. Ancillary service products support the transmission of electricity from its 
generation site to the customer. With time, such services were modernized by load 
regulation, capacity regulation, spinning reserve, non-spinning reserve, replacement reserve, 
voltage support etc.   

2. Electricity Markets in North America 
Electricity markets are complex, in large part because electricity has physical 

properties that are different than most other goods and services. Electricity cannot be stored 
in a warehouse until it is needed. Moreover, when shipped over high voltage transmission 
lines, the electric equivalent of interstate highways, electricity doesn’t always follow simple 
or unique paths, especially when these highways become overcrowded (congested). Finally, 
unlike most other markets, wholesale electricity markets require regulators, much like traffic 
controllers, to ensure the entire transmission system operates safely and reliably. 
 



There are 13 regulated markets in North America as shown in Figure 1:  Electricity 
Markets in North America.  
 

 
Figure 1:  Electricity Markets in North America (source FERC: https://www.ferc.gov/market-oversight/mkt-

electric/overview.asp with addition of Canadian markets) 
 

All markets have experienced some transformation since their inception. 
In most markets, there are four main components to pricing wholesale electricity in a 
competitive market: 

 Energy – the actual commodity consumed by customers 
 Capacity (“reliability”) – the service of making a resource available for dispatch, if 

needed 
 Ancillary services – additional services to ensure the grid runs reliably 
 Transmission congestion & losses – the cost associated with (1) delivering power 

across congested transmission lines with insufficient capacity and (2) losses from 
transmitting power over a distance. 
Not all components were and are in place in each North America electricity market. 

Some of them have been incorporated over time, while some others may be included in the 
future. 

2.1. Centralized Markets: 

2.1.1. AESO 
The first competitive electricity market was organized in Canadian Alberta in the 

beginning of 1996. The Power Pool of Alberta was set up for energy to be dispatched 
through an economic merit order with a single equilibrium price. The Alberta Electricity 
System Operator (AESO) evolved to full deregulation in 2001. Alberta is still a coal operated 
market, with large Coal PPA expiration coming up in 2020 (those signed in 2001). However, 



Alberta is increasing dependence on renewable power production and relies heavily on 
plentiful natural gas resources. Currently AESO operates ancillary services, and administers 
a series of auctions to incentivize development of renewable energy and transitioning to a 
capacity market model. The first competition to procure up to 400 MW of renewable 
electricity capacity commenced in spring 2017. The other reasons to design and implement 
capacity market include: to ensure reliability, increase stability of prices, and provide greater 
revenue certainty for generators. 

2.1.2. ERCOT 
In the middle of 1996, the Electric Reliability Council of Texas (ERCOT) became the 

first Independent System Operator (ISO) in the United States. In 1999, the Texas Legislature 
passed the Bill which required the creation of a competitive retail electricity market to give 
customers the ability to choose their retail electric providers. It started operating in 2002. 
After few market upgrades, ERCOT launched a comprehensive nodal market in the end of 
2010 with locational marginal pricing (LMP), a day-ahead energy and ancillary services co-
optimized market, day-ahead and hourly reliability-unit commitment, and congestion revenue 
rights.  

Currently, ERCOT serves as an independent system operator, managing the flow of 
electrical power to customers in the state of Texas. ERCOT operates a competitive wholesale 
electricity market, ensuring reliability of transmission lines, for generating units and for its 
customers in Texas. Operating as an energy-only market with real-time, day-ahead, and 
ancillary service markets, ERCOT also performs financial settlement for the competitive 
wholesale bulk-power market and administers retail switching for premises in competitive 
choice areas. There is an ongoing discussion about the introduction of a capacity scheme in 
the ERCOT grid. 

ERCOT has the largest development and deployment of wind in recent years. In 
spring 2017, instantaneous wind generation set a new record: about 85% of installed wind 
capacity, and reached 50% market share at some moment. As the share of renewables in the 
system continues to increase, ERCOT experiences operational challenges, including not 
always accurate renewable energy forecast, so market development will continue. 

2.1.3. PJM 
PJM became a fully functioning ISO in 1997. It introduced markets with bid-based 

pricing and locational market pricing (LMP). PJM was designated as RTO in 2001. Starting 
from operations in three states (Pennsylvania, New Jersey, Maryland), PJM Interconnection 
currently dispatches generation and coordinates the movement of wholesale electricity in all 
or part of 13 states (Delaware, Illinois, Indiana, Kentucky, Maryland, Michigan, New Jersey, 
North Carolina, Ohio, Pennsylvania, Tennessee, Virginia and West Virginia) and the District 
of Columbia. PJM’s markets include energy (day-ahead and real-time), capacity and 
ancillary services. This market is the biggest one in terms of energy production in North 
America that corresponds to largest population in the regions it serves. PJM market is well 
developed with various products and services including energy, transmission and capacity 
products as well as ancillary services. PJM capacity market came thought various 
adjustments. Extremely cold weather in 2014 had led to increased power station failures and 
a tight supply situation in the PJM grid. Capacity prices were highly volatile and did not 
reflect the real situation pushing new development in the market with substantial supply. As 



a result, in 2015 a substantial upgrade of the PJM capacity market was introduced. The 
performance and reliability of capacity sellers has improved and penalties for non-delivery 
increased. 

Currently PJM operates a number of massive nuclear units, as well as large 
deployments of renewable energy and has the most diverse fuel mix (Coal, Hydro, Gas etc.) 

2.1.4. ISONE 
In 1997, ISO New England was created to operate regional power system, implement 

wholesale electricity market structure and ensure open access to transmission lines. In 1999, 
ISO New England began managing re-structured regional wholesale power markets. 
Standard market design and rules to govern new wholesale markets were implemented in 
2003. Finally in 2008, ISO New England held the first auction under the new Forward 
Capacity Market, designed to ensure the region continuously develops the resources needed 
to meet demand and maintain reliability.  

ISONE is well-developed market. However, New England has volatile weather with 
winter cold snaps and summer heat waves that make this market one of the more difficult US 
electricity markets to support.  

2.1.5. CAISO 
In 1997, the California legislature created two entities, which are the foundation of 

the competitive electricity market in California. The California Power Exchange (CalPX) and 
California Independent System Operator (CaISO), which was founded in 1998. With 
deregulated wholesale prices and regulated retail prices California utilities could recover the 
cost of assets that were stranded as a result of greater competition, based on the expectation 
that "frozen" rates would remain higher than wholesale prices. Such market rules allow 
California electricity market price rise by 800 times from April to December 2000. With 
following Enron scandal California market was reorganized in 2001 putting capacity 
mechanism in place. CAISO market was improved in 2004 and moved to next level of 
locational pricing in 2008. Currently CAISO deals with various energy, capacity, and 
ancillary service products as well as introducing more and more products supporting 
ambition goals for renewable power in the region. . 

2.1.6. IESO 
The Independent Electricity System Operator (IESO) was established in April 1999. 

As a part of government plans to privatize the assets of Ontario Hydro, the utility was split 
into 5 separate Crown corporations with the IESO responsible for directing the flow of 
electricity across the high-voltage province-wide network owned by Hydro One and other 
transmission companies. It was also given the responsibility of managing and operating the 
competitive wholesale electricity market and working with neighboring jurisdictions to 
manage an integrated North American electricity network.  

When the current electricity market opened in 2002, the electricity landscape looked 
very different from today. Coal-fired generation has been phased out; wind and solar 
generation have joined the provincial supply mix; and new types of demand response and 
storage resources are also helping to meet the province's demand for electricity. 



Currently the province has a strong supply situation and can benefit from over a 
decade of sector experience with wholesale markets. The IESO is also working on the 
development of a Market Renewal project. This includes evolving the wholesale energy 
market and introducing capacity auctions to competitively and efficiently procure resources. 

2.1.7. NYISO 
The creation of the New York Independent System Operator (NYISO) was authorized 

by FERC in 1998 and launched in the end of 1999. NYISO is responsible for operating 
wholesale power markets that trade electricity, capacity, transmission congestion contracts, 
and related products, in addition to administering auctions for the sale of capacity. NYISO 
operates New York’s high-voltage transmission network and performs long-term planning.  

Before 2000, electric utilities both generated and delivered most of New York’s 
electricity to homes and businesses. In the competitive market, utilities have sold most of 
their generators while retaining primary responsibility for transmission and delivery. 
Electricity producers, which had previously received predictable revenues embedded in 
utility rates, regulated by the state, now compete for revenues in an open market. Handling 
multiple products, NYISO deals with energy, capacity and ancillary service markets. 

2.1.8. MISO 
MISO the biggest electricity market in terms of territory was organized in December 

2001 but began market operations in April 2005. In January 2009, MISO started operating an 
ancillary services market and combined its 24 separate balancing areas into a single 
balancing area. In 2013, operations began in the MISO South region, including the utility 
footprints of Entergy, Cleco, and South Mississippi Electric Power Association, among 
others, in parts of Arkansas, Mississippi, Louisiana, and Texas. MISO operates the 
transmission system and a centrally dispatched market from three control centers: Carmel, 
Indiana; Eagan, Minnesota; and Little Rock, Arkansas. MISO also serves as the reliability 
coordinator for additional systems outside of its market area, primarily to the north and 
northwest of the market footprint. 

2.1.9. NBSO 
In 2003, the New Brunswick Power was restructured and the New Brunswick System 

Operator (NBSO) was created. As the NBSO has transitioned from a direct carve-out of NB 
Power into a fully staffed, independent organization striving to carry out its legislated 
mandate, its operating costs have by 150% in the seven years since its incorporation. In 
addition to taking over the system operation function, NB Power became the sole developer 
and owner of the transmission system in New Brunswick.  

Currently the Province of New Brunswick is reviewing electricity market policies and 
implements appropriate structural and operational changes, including the dissolution of the 
NBSO. The current goal is to alter the ineffective competitive electricity market model to 
reflect the reality of New Brunswick’s limited market potential. Another goal is to restore 
future development and ownership of transmission system assets to NB Power. 



2.1.10. SPP 
SPP began operating its real-time Energy Imbalance Service (EIS) market in 2007. In 

March 2014, SPP implemented its Integrated Marketplace that includes a day-ahead energy 
market, a real-time energy market, and an operating reserve market. SPP’s Integrated 
Marketplace also includes a market for Transmission Congestion Rights. The SPP Integrated 
Marketplace co-optimizes the deployment of energy and operating reserves to dispatch 
resources on a least-cost basis.  

In 2015, SPP expanded its footprint incorporating the Western Area Power 
Administration – Upper Great Plains (WAPA-UGP) region, the Basin Electric Power 
Cooperative, and the Heartlands Consumer Power District. The expansion nearly doubled 
SPP’s service territory. 
 

2.2. Regulated Bilateral Markets 

2.2.1. Southeast 
The Southeast electricity market is a bilateral market that includes all or parts of 

Florida, Georgia, Alabama, Mississippi, North Carolina, South Carolina, Missouri and 
Tennessee. Southeast market is operated by vertically integrated utilities that are still 
regulated by states (or by cities and towns in the case of municipal utilities or Boards in the 
case of cooperative utilities). In the Southeast, the utilities operate in wholesale markets 
governed by contracts between and among the participants in the market –contracts that are 
regulated by FERC.  Because of this characteristic, these wholesale markets have become 
known as “bilateral markets” even though it is a bit of a misnomer, as bilateral contracts also 
are a significant part of centralized markets. 

2.2.2. Southwest 
The Southwest electric market encompasses the Arizona, New Mexico, southern 

Nevada and the Rocky Mountain Power sub-regions of the Western Electric Coordinating 
Council (WECC). The Southwest relies on nuclear and coal generators, with gas units 
generally used as peaking resources. This market is also operates with bilateral contrasts. 
Southwest market relies on negotiated wholesale contracts or agreements between willing 
buyers and sellers.  Once an agreement is reached, either the buyer or seller arranges 
transmission service to complete the transaction.   

The price charged for power in the Southwest depends on whether or not the seller 
has market-based rate authority under the Federal Energy Regulatory Commission’s 
(FERC’s) rules.  Southwest utilities recover their fixed costs through the regulatory process –
agreeing to meet the existing and future needs of their customers –plus an adequate reserve 
margin, in exchange for receiving a reasonable return to investors on prudently incurred 
costs.   

2.2.3. Northwest 
Northwest includes the Northwest Power Pool (NWPP), the Rocky Mountain Power 

Area (RMPA) and the Arizona, New Mexico, Southern Nevada Power Area (AZ/NM/SNV) 



within the Western Electricity Coordinating Council (WECC), a regional entity. These areas 
contain many balancing authorities responsible for dispatching generation, procuring power, 
operating the transmission grid reliably and maintaining adequate reserves. Although the 
balancing authorities operate autonomously, some have joint transmission-planning and 
reserve-sharing agreements. 

Northwest utilities dispatch their generating plants in merit order (that is lowest to 
highest cost) taking into account transmission or reliability constraints.  There is substantial 
competition for sales and purchases among utilities and independent generators.  

3. Market Operations 
Energy market was established to make the price of electricity based on economics of 

supply and demand. The major benefit of a power market is that it determines which sources 
of electricity will be used to meet demand, selecting or “dispatching” the cheapest sources 
available at any time. All sources of electricity represent generation stack, where low-cost 
“baseload” plants are in the bottom of stack and the most expansive resources are in the top. 
In a basic dispatch model, let’s include hydro, wind, nuclear, coal and gas-fired generation in 
the stack. The less expensive energy production, hydro generation is in the bottom, onshore 
wind is the second one, nuclear is the third, coal is the fourth and the most expensive option, 
gas, is the last. Moreover, in each group the most efficient sources are in the top of group. 
This is called “economic dispatch.” Before restructuring, power pools or crown corporations 
controlled how all of the power plants in their areas were dispatched. This centralized 
dispatch was accomplished based on the estimated incremental (or marginal) costs to run 
each plant. Those incremental costs consist primarily of the cost of the fuel burned to 
produce each kilowatt-hour (kWh) of electricity, plus all of the incremental maintenance 
costs that increase as generation output increases. Figure 2: Market Pricing Mechanism 
shows a supply-demand example in Alberta (AESO) with five types of generating plants and 
interchange data. Left vertical axis shows each type of generation by minute in MW, minute 
interchange data and hourly demand data. Right vertical axis shows hourly Alberta electricity 
price in dollars. The horizontal axis shows point in time. Hydro, wind, and coal plants have 
the lower fuel cost and run at all times.  



 
 

 



 

 
Figure 2: Market Pricing Mechanism 

(Data source: http://ets.aeso.ca, Generation, Pool Price, and Demand) 
 

So, when demand is low, plenty of water, strong wind and calm temperatures hydro, 
coal, and wind generation can meet entire system demand. When consumer demand peaks, 
for example during hot summer day or cold winter day, hydro, wind, and coal have to be 
supplemented with intermediate and peaking generation. 
Intermediate generation tends to be small hydro, gas-fired peakers, biomass and others. The 
majority of the time peaking units are small combustion turbines. 
Whereas big hydro and coal plants are expensive to build, but cheap to operate, peaking gas-
fired plants with combustion turbine are usually cheap to build, but expensive to operate. 
Peaking plants aren’t designed to run all the time. When the system operator needs peaking 
units, the system cost rises to reflect the marginal cost of the last peaking unit needed. 

Most power in North America is bought and sold through bilateral contracts, freely 
negotiated between individual buyers and sellers. In PJM, for example, about 85% of all 
market sales are bilateral. The remaining 15% are made into the market, which acts like a 
clearinghouse for buyers and sellers. However, even though it accounts for only a small 
percentage of total wholesale transactions, the spot market plays a crucial role in these 
bilateral sales, because it provides “visible” market prices. Centralized dispatch is no longer 
determined by a system operator using estimated incremental costs for each generating plant. 
Instead, electricity markets use a bid-based system, in which individual generators submit 
their own price bids every day to the system operator to meet the expected customer demand 
for the following day. Once the system operator has all of the bids, he selects those 
generators whose bids are lowest and tells generators who are not selected that they will not 
be needed.  

3.1. Electricity Market Data 
The volume of electricity market data increased considerably with the electricity 

market development. Electricity market products could be potentially divided into two 
groups: Financial and Physical, in accordance with their delivery mechanism. 
 



3.2. Financial Data 
Financial contracts entail cash delivery at expiration. In this case, a difference 

between a specified financial instrument and the contractual price is settled. The buyer pays 
the contractual price and the seller pays the index. Financial data can be classified into 
several categories: System Operated Day-Ahead (DA) Market, Ancillary Services, 
Transmission Auctions and Exchange-Traded activity.  

In the DA market, generators submit their bids to the system operator. This market 
allows buyers and sellers to hedge their transactions. It doesn’t mean the seller is committed 
to physically deliver the product. It is a financial obligation. This market was design as buyer 
and the seller have to hedge their price risk (that not always works in the reality as 
speculators can take outright positions in DA market). The system operator doesn’t need to 
know anything about the terms of any bilateral contracts in order to optimize dispatch of the 
entire system. This is possible because the bids generators submit determine how the system 
is dispatched, and financial contracts between individual buyers and sellers ensure that the 
terms of their individual agreements are met. 

With the increasing role of intermittent renewable power, the role of generating 
resources that are ready to replace unexpectedly reduced capacity also increases. Ancillary 
service products could be physical and financial. These products prevent energy shortages by 
payments for committing to be on standby and have the ability to adjust load quickly during 
the time of reduced supply. Financial products contain various sets of indices and clearing 
prices based on the Ancillary Services contracts. An increasing number of financial product 
offerings leads to an exponential increase of financial data in the electricity market. 

Since market participants must use the transmission lines in order to carry out their 
transactions, if congestion occurs, market participants have to pay congestion charges. These 
congestion charges arise from the use of scarce transmission capacity. Unfortunately, 
because the market outcome is not known in advance, market participants are exposed to 
volatile congestion charges. Therefore, the congestion charges introduce risk and discourage 
these transactions. Some system operators have introduced the ability to reserve transmission 
rights by holding periodic auctions. These financial rights allow hedging risks associated 
with locational differences.  

An increasing number of exchange-traded electricity products also increases financial 
data in the electricity market. These products include financial futures contracts, financial 
transmission rights, options, swaps/spreads, multiple contracts for difference and others. 
Over-the-Counter Products, which allow for higher contract customization, are also on the 
rise. 

3.3. Physical Data 
Physical contracts entail physical delivery on expiry and potentially cash payments. A 

generator that cannot physically provide the power, based on previous day bid, must procure 
that power in the real-time (RT) market. The reason for having both DA and RT markets is 
that unexpected events can happen in the 24 hours between when generators’ bids are 
accepted and when they are actually scheduled to run. An unplanned outage is a common 
occurrence in the market. Thus, the RT market is a balancing market, which responds to real-
time events that affect supply and demand. Therefore, RT prices tend to be much more 
volatile in comparison with DA prices. 



Buyers and sellers can use the results of the DA market to further hedge against 
factors that can drive prices unexpectedly up or down, such as a change in the weather than 
wasn’t aligned to the forecast. Consequently, day-ahead bilateral sales are often settled 
through contracts-for- differences.  

The nodal pricing or Locational Marginal Pricing (LMP) scheme is based on the 
theory of spot pricing, which is the natural extension of the classical market equilibrium 
theory. In this pricing scheme, a central entity receives voluntary bids from market 
participants, and, under the assumption that the submitted bids reflect true marginal costs of 
production and marginal benefit of consumption, a central operator selects the optimal 
solution through a cost minimization process. This would typically represent an optimal 
power flow. The outcome satisfies all the transmission constraints, balancing the system at 
minimum cost, and obtaining LMP. If the transmission system is congested, even with a 
single binding transmission constraint, the LMPs can be vary drastically. LMPs reflect the 
locational value of power which depends not only on the generation cost, but also on the 
transmission system characteristics and the demand willingness to pay. In this process, the 
power is traded at the corresponding LMPs and all transactions are done through the central 
operator. LMP data is very important for power system owners and operators. On the demand 
side, higher LMPs can encourage consumers to use energy efficiently. On the supply side, 
persistently high LMPs signal to potential investors where additional energy supplies are 
most needed.  LMP pricing is publicly available in near real-time by the system operator. 
For regulated bilateral markets, we also need to consider electricity price indexes, which are 
weighed average price based on traded volumes.  

The volume of physical electricity market data has increased exponentially. 
Government agencies provide electricity market data including daily, weekly, monthly and 
annual electric power industry summary statistics. Government agencies provide 
consumption data, prices and revenues by customer and provider, metering data, electric 
power generator capacity data, generation data, fuel consumption data, cost data, electricity 
transaction data, transmission data and environmental data. Utilities and power generators 
also provide multiple statistics including metering data, electric power generator capacity 
data, generation data, ancillary services, fuel consumption data, cost data, electricity 
transaction data, transmission data and environmental data.  
 

3.4. Market Products and Market Data 
Electricity market does not come without its flaws. The amount of market data 

available does not match the available financial and physical instruments. There are several 
reasons for that. Bids tend to approximate actual marginal costs – a generation owner stands 
to lose money by bidding above marginal cost and not being selected, or by bidding below 
marginal cost, being selected, and then being unable to recoup the costs to produce 
electricity. All generators who submit bids must consider the costs of starting up and shutting 
down their plants. The bid-based dispatch system also allows generation owners to factor in 
more complex considerations, such as the opportunity to sell output into other, higher-priced 
markets and operational limits that might make it more profitable. This is an indicator that it 
can be more valuable to the system to operate later in the day rather than immediately. 
Lastly, generators not only have to cover all of their variable costs, like fuel, but they must 
earn sufficient revenues to pay their fixed costs, such as servicing debt borrowed to build the 
plant, wages and salaries, insurance and other capital costs.  



It is more efficient at the wholesale level to price generation at each node to reflect 
the cost of delivering the next MW of power to that specific node. LMP pricing is both a 
natural outgrowth of a centrally-dispatched market and a key element in creating incentives 
for efficient behavior by suppliers and consumers. In order to optimize the dispatch of 
generation, the system operator needs to know the value of relieving congestion in different 
areas. The system operator must be able to calculate the marginal cost of generation at each 
node and in each hour. Location pricing mechanism introduces finer granularity of electricity 
market data to the overall ecosystem. 

3.5. Do North America Electricity Markets Provide 
A Sufficient Selection of Products? 

The number of electricity market products are continuously increasing as electricity 
markets are constantly facing new challenges.  There are electricity markets that are 
experiencing congestion. Such areas are associated with higher locational prices. Current 
market incentives have not prompted investment in new generation or transmission sufficient 
to eliminate such price differentials has led critics to challenge the current LMP market 
design.  

LMPs are supposed to provide a sufficient price signal to attract new investment 
where and when needed. There is evidence, however, that in some areas this has not proven 
to be the case. In PJM, more new generation has been built in areas with low average LMPs 
rather than high LMPs areas. This is an indicator that the areas with the highest locational 
prices are those where it is also most difficult to site new projects. Additionally, wind and 
hydro units can only be built where wind and dam conditions are present. Wind energy add 
little value on a windless summer day when demand peaks.  

4. Unlocking the Value of Electricity Market Data 
The theme of electricity market data is constant change. This, however, has not 

reduced the value of fundamentally basic information from the past, there are merely 
constant enhancements and evolution to the datasets available. As a consequence, not every 
power market participant or operator reacts adequately to critical events such as heat waves 
or cold snaps. This is a common indicator that risk management models do not incorporate 
the complete and accurate historical data and changes in system parameters in time of critical 
events. All successful market participants today are owners of reliable data collection system 
where all data is properly validated and stored.  
 

4.1. Data Validation 
All market participants aim to operate appropriate systems and processes for data 

collection and data validation. Data can be validated at the time of data collection to ensure 
that the data points, are complete, accurate and collected on time. In addition, data can be 
checked in database tables for the integrity based on additional, more complex, business 
rules.   

Both methods have advantages and limitations. Data validation in time of data 
collection is logically easy as it is simple comparison with source data. It reduces the 
probability human error and it is faster. In current fast-changing real-time data, speed is very 
important.  However, technical implementation of this technique is more complicated and 



algorithms are more advanced. It is technically simple to check existing data in a database. 
However, it required more parameters which can be investigated by using machine learning 
algorithms and advance knowledge about data publishing techniques for each source.  
 

4.2. Storage of Data 
Traditionally, relational databases, have been the tool of choice for storing market 

data. However, modern electricity market data is incorporated not only with well-defined 
structured tables but also text documents, pictures and video.  For such datasets, NoSql 
databases offer a better, more efficient and cheaper solution. NoSQL databases disrupted the 
database market by offering a more flexible, scalable, and less expensive alternative to 
relational databases. They also were built to better handle the requirements of Big Data 
applications.  

NoSql databases differ from relational databases in:  
 Data models: A NoSQL database lets you build an application without having to 

define the schema, unlike relational databases, which make you define a rigid schema 
before you can add any data to the system. No predefined schema makes NoSQL 
databases much easier to update as your data requirements change. 

 Data structure: Relational databases were built in an era where data was mostly 
structured and clearly defined by logical relationships. NoSQL databases are designed 
to handle unstructured data, such as texts, social media posts, video and email, which 
makes up a significant portion of important data today. 

 Scaling: It’s much cheaper to increase the size of a NoSQL database than a relational 
database because you can add capacity by scaling out over less expensive, distributed 
servers. Relational databases, on the other hand, require a single server to host your 
entire database.  

 Development model: NoSQL databases are open source whereas relational databases 
typically are require licensing procurement to utilize. With NoSQL, you can get 
started on a project without significant up-front costs.  

 
When power market participants and operators are choosing storage platforms for their 

data, they usually consider all features, levels of optimizations, and add-ons storage 
platforms have looking at better ways to optimize, deliver, and control data. To enable 
efficient ways to work with data, participants must consider clear and reliable logical and 
physical models. Creating intelligent policies around data and workload optimization is also 
a leading industry practice. Both software and physical systems now offer caching and 
coalescing solutions. The other aspect to consider for private data is storage security.  

Well-defined software architecture lets IT teams, as well as security, compliance, and 
line-of-business users unlock the value of their data by automatically analyzing information 
as it is ingested without impacting production operations. 

5. Data Analytics 
With the rising amount of data, it is becoming harder and harder to mull over 

parameters explaining market movements. At the same time, the response time to market 
movements is an important factor for risk management departments, traders, and managers of 
electric utilities and corporation to make the right decisions. 



5.1. Market Balance and Procurement 
A key physical characteristic of the electricity market is that it cannot be stored. 

However, electricity market must be in balance at all times. Any market unsteadiness leads 
towards dangerous blackouts.  

Efficient balancing markets ensure the security of supply at the least cost and can 
deliver environmental benefits by reducing the need for back-up generation. There is a desire 
to increase harmonization of the rules for balancing and utilization of ancillary services in 
order to extend effective competition for electricity markets and increase efficiency. With 
further electricity market development, more and more market-stabilizing products are being 
offered by the System Operators.  

An important aspect of balancing is the approach to procuring ancillary services. 
Ancillary services refer to a range of functions to guarantee system security. These include 
black start capability, the ability to restart a grid following a blackout, and frequency 
response maintaining system frequency with automatic responses. In the US, balancing 
electric power system operates at or near 60 Hz to avoid a power imbalance, also known as 
frequency deviation. Historically, this balance has been achieved by attempting to accurately 
forecast load, and the reliance on controllable or dispatchable generation assets. However, 
the growing proportion of generation coming from intermittent and variable generation 
sources has created new challenges for balancing authorities, particularly in regard to 
ramping capability. Ramping is the ability of a generating facility to start and stop on 
command, while the ramp rate is the rate at which a power plant can increase or decrease 
output. This type of flexibility in generating units to ramp up or down quickly is paramount 
to manage variability in electric load and grid stability.  

Ancillary services also include fast reserve, which can provide additional energy 
when needed, the provision of reactive power and various other services. Other balancing 
products can come in the future, including Frequency Restoration Reserves and Replacement 
Reserves.  

Electricity markets in North America offer products which are sometimes different in 
their nature. The standardisation of balancing energy and balancing capacity products would 
make it easier for system operators to compare offers from different markets. It would also 
make the relevant markets more liquid, thereby providing greater price certainty to all 
parties. However, product standardisation may result in on-going efficiency losses if the final 
set of standardised products does not include the technical characteristics of specific 
balancing resources.  

North American Electricity Markets bring multiple choices and opportunities, as well 
as risks and complexities to the market participants and operators. Differences in the cost of 
electric power and efficiency of operations exist between electric utilities. The difference 
between a successful and an unsuccessful power procurement strategy will depend on the 
ability to manage dynamics of electricity market data.  Based on electricity market data, 
power market participants and operators must optimize the existing product portfolio, taking 
into account changing market conditions.  They must also identify opportunities to reduce 
expenses and increase revenue through innovative supply strategy and data management. An 
effective model will simulate the execution of the market trades in accordance with the 
principles of strategic procurement, while optimizing the portfolio. The procurement solution 
combines long and mid-term contracts data with real-time data and market monitoring. 



In addition, power market participants and operators must consider transmission, 
balancing, load following and other instruments that can affect prices and basis differentials. 
These instruments must drive not only towards the goal of lowest total energy cost, but also 
own cost structure and operating cashflow. Market instruments include fixed price products 
with guaranteed terms and solid credit, indexed products, caps and floors, options. Other 
commodities that can also contribute to the bottom line, such as input plant fuels.  Financial 
product sales can act as a pre-payment to optimize the cashflows. 

5.2. Asset Management 
Power market participants and operators must understand the lifecycle cost 

implications of power system assets to reduce future operation costs and conduct the 
infrastructure planning, estimating asset remaining lifetime and failure impact.   

The success of asset management depends on the ability to properly interpret data. 
Integrated IT systems and well-structured data systems are playing the major role. Using 
analytics to support asset management only works if electric utilities, power management, 
transmission and distribution companies can produce high-quality data on their assets as well 
as efficiently handle electricity market data.  Such data includes maintenance time, 
generation, transmission and efficiency, future capacity and market data. This data needs to 
be structured so that it can be used to seamlessly model asset-health indexes, asset-criticality 
assessments, and asset-management. 

Power market participants and operators must have the ability to provide historical 
analysis of operational and external data including analysis of emergency interruptions based 
on weather conditions, survival probability based on hour to failure and regression statistics, 
weather model based on the seasonal patterns, unit performance including hours in service 
and maintenance hours based on historical asset maintenance stats. Participants must also 
analyze inventory and outage data for further prioritization of assets requiring additional 
maintenance or replacement generation the list of outage parameters and outage reports. 

This information supports decision-making for the maintenance and replacement 
priorities.  Analytics-driven asset management requires company executives to make 
decisions and establish guidelines that govern day-to-day maintenance work and strategic 
alignment. An asset management program that is based on accurate market data and 
advanced analytics is a valuable part of energy company’s strategic-planning process. It 
provides executives with a much more precise understanding of what they will spend on both 
assets and maintenance activities over the long term. Finally, asset-management analytics can 
inform energy enterprises’ approaches to managing physical, financial, regulatory, and other 
risks. 

5.3. Financial Modeling 
Financial modeling helps with finding the best alternative solution in operational and 

financial decision-making process. Resulting financial statements provide project investors 
and operators with a better understanding of how changes in financial, market, and 
operational parameters can impact firm’s fiscal health. Power market participant and 
operators are using financial modeling at different stages of the business life cycle, from 
project evaluation, operation to expansion or divesting.  Market data components can be used 
as input parameters to financial model. Fundamental market data affecting supply and 
demand can be used as an input as well. Supply can be affected by production capacity, 



production costs, and ancillary factors such as reliability of the supply chains. Demographics 
and lifestyle data affects demand. 

Technological parameters include data provided by new engineering solutions. Such 
analysis comprises technical options and cost considerations, regulatory and political factors. 
The result of integration of all impacting assumptions with the proforma statements are 
income statement, cash flow and balance sheet. Additional modules can be developed for 
market-trading businesses include electricity market price forecast and asset operational 
module. 

Incorporating electricity market data into financial models provides a framework for 
effective evaluation of the fiscal impact, ranging from potential decisions through changes in 
the power markets. At the stage of early business development or expansion, the financial 
proforma model helps analyze various financing options from different financial institutions. 
During operations, it can be used for the evaluation of procurement and asset-related 
decisions. For expansion or divesting evaluations, financial modeling can assess the value of 
the business and benefits from lease, changes in ownership, full or partial. 

5.4. Forward Curve 
Forward curve emulates market behavior based on identified future trends and helps 

to develop successful strategies to keep competitive positioning in the market. The structure 
of a forward curve is t take futures or forwards quotes for the specific date and align quotes 
to the future time scale. Futures and Forwards market data built in forward curve could be 
useful for decision makers as a collective market opinion.   Energy Trading Risk 
Management Systems also require the use of forward curves and can exceed thousands of 
daily points to value commodities within those systems. The accuracy of forward marks 
depends on data collection, data validation, data organization, and storage and multiplicity of 
data sources. Multiple data sources have different availability, data formats and reputation. 
Data has to be complete, come in on time, and written accurately into the database.  

However, even accurate data can create issues. Data Granularity varies between 
sources for forward and futures contracts. Risk management departments typically utilize all 
granularity available for the time period, with the preference of using the most granular 
available data points first. Simple mixture of forward curves results in commodity over-
evaluation for quarterly and half-year periods. Proper data organization should allow creation 
of forward curves,  near prompt, strip analysis and settlement analysis. 

It is important to understand the interdependency of market data as the number of 
available data sources increases. If one data provider provides exchange quotes, other 
provides Exchange for Physical and while others provides Time Spreads, Contract for 
Difference and Dated to Frontline, market participants must consider all interdependencies 
calculating result. 

6. Market Projections 
Power market participants and operators conduct market projections for short-term, mid-

term and long-term periods. Market projections represent a critical input into companies’ 
decision-making mechanisms. For the power producer, market projections help adjust market 
bidding strategy. For utilities, they support procurement and risk management decisions, such 
as own power production versus market purchases to reduce risk and maximize profits. 



Forecast models are impacted by fundamental drivers, technical parameters, 
macroeconomics, policy and technological developments. 

Data has to be collected and classified to develop the proforma market design includes: 
 market structure and rules 
 market access and limitations for market players 
 infrastructure and commodity transportation (transmission) flow 
 influencing factors and other markets, their characteristics and impact on the 

forecasted prices (e.g., for electricity prices, those are natural gas, oil, coal, and 
emission markets) 

 neighboring jurisdictions, commodity trading exchange among them. 
Development of the logical schemes and algorithms include statistical analysis of the 

commodity flows between the local and influencing markets, demand and supply data. 
Development of the pricing schema and mechanism includes analysis of the price 
components, their dependencies and drivers including economic indicators, common market 
opinion, system conditions, technical parameters and weather.  

For electricity, the market price is defined by the price of the marginal dispatchable 
unit of a fuel constituting the generation stacks, which include fuels such as coal, natural gas 
and oil. Projection model development also includes the calculation of historical price 
deviations and price influencers for later inclusion into simulation model to account for an 
uncertain nature of markets. Gathering, classification and quantification of the qualitative 
factors, such as policies, regulations, economic growth, business activities and new 
technologies. utilized for adjusting assumptions and inputs into the model for developing 
different scenarios.  

The major issue of market projections is the lack of interdependency of short-term, 
mid-term and long-term models.  

Rather often, power market participants and operators cannot use the full set of 
corresponding market data and products properly or some market products have not been 
well designed.  For example, due to the load fluctuations, that accompany increasing 
integration of wind and solar generation, power operators must maintain the ability to quickly 
ramp up or down resources on its grid in order to avoid disruptions. Since baseload 
generating units cannot be quickly cycled, most generators attempt to resist being frequently 
ramped up or down due to negative impacts on their equipment. Another option has been to 
obtain marginal generation outside of particular market. This solution for system ramping 
capability in the real-time balancing market will be designed in the future. 

As a result, a short-term model often incorporates just historical data and historical 
trends of system operation under certain conditions. Mid-term model is usually based on 
economic dispatch principles. Long-term model usually uses key drivers and fundamental 
parameters to simulate fuel and emission costs, estimate allocated costs, and predict regional 
business activity and commodity market price. A more unified solution must take shape in 
the future and it will likely involve markets data and the associated market instruments.   

7. Data Reports 
Effective data reports provide accurate market watch, incorporating raw data as input 

parameters and provide clear system vision after all manipulations. Accurately structuring 
data reports, while dealing with a large amount of data, can clearly describe market structure 



and pricing dynamics, identify the market demand in relation to prices and product offerings, 
and market trends including ccompetitive intelligence and competition, and supply analysis. 

If data is validated and stored properly, analytical reports can be easily automated. 
Forward curves can also be built automatically. Electricity market data is not designed and 
structured well enough, such that all market projections can be done automatically. However, 
with further electricity market product development, standardizing and structuring existing 
electricity market data automated market reports will play major role replacing semi-
automated and manual work. 
 


