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Executive Summary 

The deliverable D3.2, within the Work Package 3, makes a comparison of the baseline load calculation 

methods involved in several key DR programs (resource adequacy/capacity, economic/energy tariff, 

balancing/ancillary services). These are vital to assess the success of the overall DR participation. 

¢ƘŜ ǎǘǳŘƛŜŘ ƳŜǘƘƻŘǎ ǿƛƭƭ ōŜ ōŀǎŜŘ ƻƴ ƳƻƳŜƴǘ ƻŦ ŘƛǎǇŀǘŎƘΣ ŀǾŜǊŀƎŜ ŀƴŘ ǿŜƛƎƘǘŜŘ ŀǾŜǊŀƎŜ ƻǾŜǊ ά· ƻŦ ¸έ Ƴƻǎǘ 

recent days with the highest or medium load preceding an event (e.g. highest 5 of 10 previous admissible 

days). Consolidated Edison of New York and the NYISO (New York Independent System Operator) Emergency 

Demand Response Program Manual (12/02/2010 version 6.2 Section 5.2) will be taken into account together 

with the currently employed methodologies by the EU member states to calculate a Customer Baseline Load 

όά/.[έύ ŦƻǊ /ǳǎǘƻƳŜǊǎκ!ƎƎǊŜƎŀǘƻǊǎ ŜƴǊƻƭƭŜŘ ƛƴ 5w ǇǊƻƎǊŀƳǎΦ 

In the eDREAM use cases, a data model will be applied and the prediction algorithm to predict the CBL will 

be taken from T3.1. In T3.2, an approach to produce the flexibility forecast will be chosen and applied to this 

particular part of the project. This task will result in recommendations for applying specific Consumer 

Baseline load (CBL) calculation methods across EU. 
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1 Introduction 
1.1 Scope and objectives of the deliverable and relevance in the 
eDREAM framework  
 

This report is produced within Task 3.2 of Work Package 3 with the aim identifying and analysing baseline 

load calculation methods for DR programs. The methods identified and recommendations made in this report 

will then feed directly into the second version of this deliverable, D3.6, where recommendations are made 

for applying these DR program baseline load calculations across the EU. 

On a broader scale, the methods identified and evaluated by this report lay the groundwork for a key 

component of the eDREAM platform, baseline calculation, which will be an essential part of implementing 

an efficient and optimal DR strategy, as explored and implemented in Work package 4. 

This document registers the combined knowledge produced through the cooperation of the different 

partners, and uses the collected information different scenarios and UCs. 

 

1.2 Structure of the deliverable 
 

5ŜƭƛǾŜǊŀōƭŜ оΦн άwŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ ōŀǎŜƭƛƴŜ ƭƻŀŘ ŎŀƭŎǳƭŀǘƛƻƴǎ ƛƴ 5w ǇǊƻƎǊŀƳǎ ±мέ ƛǎ ƻǊƎŀƴƛǎŜŘ ƛƴ ŦƛǾŜ 
ǎŜŎǘƛƻƴǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ŦƛǊǎǘ ǾŜǊǎƛƻƴ ƻŦ ǳǎŜ ŎŀǎŜǎ ŀƴŘ ǎŎŜƴŀǊƛƻǎ ƘŀǾŜ ōŜŜƴ ŎƻƭƭŜŎǘŜŘ ŀƴŘ ŘŜǎŎǊƛōŜŘΣ ŀǎ ŦƻƭƭƻǿǎΥ 

¶ DŜƴŜǊŀƭ ƛƴǘǊƻŘǳŎǘƛƻƴ ŀƴŘ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ǎŎƻǇŜ ŀƴŘ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ŘŜƭƛǾŜǊŀōƭŜ  

¶ .ŀǎƛŎ ŎƻƴŎŜǇǘǎ ŀƴŘ ǎƘƻǊǘ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ CǊŀƳŜǿƻǊƪ /ƻƴŎŜǇǘǳŀƭ !ǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ǘƘŜ 
Ŝ5w9!a  

¶ tǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ŀǇǇǊƻŀŎƘŜǎ ǳǎŜŘ ƛƴ ŘƛŦŦŜǊŜƴǘ ǇŀǊǘǎ ƻŦ ǘƘŜ ǿƻǊƭŘΤ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ 
ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŎƻƴǘŜȄǘΣ ƛƴ ǿƘƛŎƘ ǘƘŜ ǇǊƻƧŜŎǘ ƛǎ ŘŜǾŜƭƻǇŜŘ 

¶ 5ŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŦƻǊ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ ǘƘŀǘ ƛǎ ŀǇǇǊƻŀŎƘŜŘ ŦƻǊ ǎŎŜƴŀǊƛƻ 
ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ǳǎŜ ŎŀǎŜ ŘŜŦƛƴƛǘƛƻƴ 

¶ !ƴŀƭȅǎƛǎ ƻŦ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ  

¶ /ƻƴŎƭǳǎƛƻƴǎΣ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΣ ŀƴŘ ǊŜŦŜǊŜƴŎŜǎ 

 

1.3 Methodology 
 

Production of this document was a result of a desktop research applied to collect and analyse evidence from 

various published information sources. Several mathematical procedures are identified and evaluated and then 

compared utilising historical energy data provided by members of the consortium. 
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2 Key Drivers for Demand Response 
 

¢ƘŜ ŦǳǘǳǊŜ ƻŦ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ǘŜŎƘƴƻƭƻƎȅ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǎǇŜŜŘ ŀƴŘ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ǿƛǘƘ ǿƘƛŎƘ 
ǿŜ ŀǊŜ ŀōƭŜ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴΣ ǘƘŜ ŀŘǾŀƴŎŜ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ŘǊŀǎǘƛŎŀƭƭȅ ƛƳǇǊƻǾŜ ǘƘŜ ŎƻƳǇǳǘƛƴƎ 
ŎŀǇŀŎƛǘȅ ŀƴŘ ǘƘŜ ǎǇŜŜŘ ǿƛǘƘ ǿƘƛŎƘ ǿŜ ǎƘŀǊŜ ƛƴŦƻǊƳŀǘƛƻƴΦ hƴŜ ǎǳŎƘ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ tŜŜǊπǘƻπtŜŜǊ όtнtύ 
ǘŜŎƘƴƻƭƻƎȅΣ ǿƘŜǊŜ ǊŀǘƘŜǊ ǘƘŀƴ ƛƴŦƻǊƳŀǘƛƻƴ ōŜƛƴƎ ǎƘŀǊŜŘ ŦǊƻƳ ŀ ǎƛƴƎƭŜ Ǉƻƛƴǘ ƻƴ ŀ ƴŜǘǿƻǊƪΣ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ 
ǎǘƻǊŜŘ ŀŎǊƻǎǎ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ƴƻŘŜǎ ƻƴ ŀ ƴŜǘǿƻǊƪ ŀƴŘ Ŏŀƴ ōŜ ŀŎŎŜǎǎŜŘ ǳǎƛƴƎ ǘƘŜ Ƴƻǎǘ ŜŦŦƛŎƛŜƴǘ 
ǊƻǳǘŜ ǇƻǎǎƛōƭŜ όFigure 1ύΦ ²ƛǘƘ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅ ǿŜ Řƻ ƴƻǘ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ǎǇŜŜŘ ƻŦ ŀ ǎǇŜŎƛŦƛŎ ŜǉǳƛǇƳŜƴǘ ōǳǘ 
ƻƴ ŀ ǎŜǘ ƻŦ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ŜǉǳƛǇƳŜƴǘΣ ǘƘƛǎ ŎƻƴŎŜǇǘ Ƙŀǎ ŀƭƭƻǿŜŘ ǘƘŜ ōƛǊǘƘ ƻŦ .ƭƻŎƪŎƘŀƛƴ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎΦ 
¢ƻŘŀȅΣ ǿŜ Ŏŀƴ ƘŀƴŘƭŜ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΣ ǇǊƻŎŜǎǎ ƛǘ ŀƴŘ ǳǎŜ ƛǘ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ōŜƘŀǾƛƻǳǊ ƻŦ ǘƘŜ 
ŘŜƳŀƴŘ ƻƴ ŀƴ ŜƭŜŎǘǊƛŎŀƭ ƎǊƛŘΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ƭƻŀŘ ǇǊŜŘƛŎǘƛƻƴΣ ŦŀŎƛƭƛǘŀǘƛƴƎ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ŜŎƻƴƻƳƛŎ 
ŘƛǎǇŀǘŎƘ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ǘƻ ƳŀƪŜ ŜƴŜǊƎȅ ƭƻŀŘ ǇǊƻŦƛƭŜǎ ƳƻǊŜ ƎŜƴŜǊŀǘƛƻƴπŦǊƛŜƴŘƭȅ ǎǳŎƘ 
ŀǎ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ǿƛƭƭ ǇǊŜǎŜƴǘ ŀƴŘ ŜǾŀƭǳŀǘŜ ǿƘƛŎƘ ŀǊŜ ǘƘŜ ƪŜȅ ŘǊƛǾŜǊǎ ŦƻǊ ǇнǇ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜΦ 
hŦ ǘƘŜǎŜΣ ǘƘŜ Ƴƻǎǘ ǊŜƳŀǊƪŀōƭŜ ŀǊŜΥ {ǘŀƪŜƘƻƭŘŜǊǎΣ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ tǊƻƎǊŀƳǎΣ tнt 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ 
CƭŜȄƛōƛƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ Řŀǘŀ ƳƻŘŜƭ ŦƻǊ ŦƭŜȄƛōƛƭƛǘȅ ŦƻǊŜŎŀǎǘƛƴƎΦ ¢ƘŜǎŜ ŀǊŜ ǘƘŜ ƎǳƛŘŜƭƛƴŜǎ ǘƘŀǘ ƳŀǊƪ ŀƴȅ 
5ŜƳŀƴŘ wŜǎǇƻƴǎŜ tǊƻƧŜŎǘΦ 

 

Figure 1 P2P network illustration 

The Stakeholders are an important part of any project, they are the parties affected by the activities of a 

company or a project. These groups should always be kept in mind for the strategic planning of any business, 

and the two types of which are primary and secondary stakeholders. Primary stakeholders are those that are 

indispensable for the operation of the organization, that is all those who have some direct relationship, such 

as the employees, manager, owners. The secondary ones are those who do not participate directly in the 

activities, but who, nevertheless, are affected by it. For example, the customers, government and society. A 

project is not an entity that is isolated from the environment, it will always be disturbed to a greater or lesser 

extent by other organizations, or by its parts, the employees, the suppliers, the clients, they are groups, 

organized or not. They are indispensable for any company, therefore, the impact on the stakeholders must 

be taken into account in the planning, however, some impacts can be predicted before putting the Project 

into operation. New stakeholders may arise that were not foreseen, as parts of the society that were not 

taken into account in the initial planning. Projects always affect their environment in ways that were not 

expected for this reason is important to keep watch on all possible that will appear in the future. In the case 

of Demand Response, the primary stakeholders would be the employees of the Project. The persons in charge 

of carrying out the case studies, put ideas into practice, among the external stakeholders the most important 

would be the electricity production companies that receive the information of DR can plan their production 

depending on this and the final users of electricity, or customers, who receive more economical electricity. 
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We could also mention the environment, since the technology of renewable energies is favoured by the 

development of DR. 

Typical dispatchable DR programs give incentives to DR customers based on the amount by which they reduce 

their energy/power consumption. To verify the amount, a customer baseline load (CBL) needs to be 

determined. CBL refers to the amount of electricity that would have been consumed by the customer if the 

DR event had not been occurred. The difference between actual load and CBL is considered as the amount 

of load reduction, i.e. the DR performance that the customer achieves. Hence, the accurate estimation of 

CBL is critical to the success of DR programs because it benefits all stakeholders by aligning the incentives, 

actions and interests of DR participants, utilities, and grid operators. Note that CBL plays a key role in 

implementing DR programs; if the baseline is determined relatively low, customers are less motivated to 

participate in the DR program because they might think their performance is not fully acknowledged. On the 

other hand, if the baseline is estimated relatively high, utility companies are less motivated to operate DR 

program because the amount of load reduction is over-estimated and thus more incentive should be paid to 

customers (Park, et al., 2015). 

 

Currently Demand Response is a growing technology, and there are many different DR programs. These 

programs try to predict with the highest reliability the future electrical load profile, and almost all DR 

programs use the historical consumption as data principal, and as background, so that a model used in one 

specific site cannot be applied in another. Unless you have access to historical consumption data in this new 

site, or if a significant change in consumption characteristics occurs in the installations in a short time period, 

it would be possible that the model becomes ineffective. Some programs use the external temperature in 

real time, and have managed to demonstrate that the electrical consumption of some buildings is 

proportional to the ambient temperature, many use the electrical load data of one week to predict the load 

the for following week, and some DR programs use fuzzy logic to have gain flexibility and quick answers. 

There are so many methods that it would be impossible to describe all those that are currently being tested, 

thanks to the speed of data processing and information transmission with which now have the possibility to 

analyse more data more quickly, that will allow us to have more flexible systems and an accurate assessment. 

A process that is not measured cannot be controlled, in all processes it is important to have feedback, for 

which you can select different measuring instruments, which gives us information that we will then have to 

interpret, in order to improve the process and close the cycle. Demand response programs are not an 

exception, all DR programs need to be flexible to respond to unexpected stimuli, and to be able to receive 

assessment. Otherwise it would be like having a blind man driving a car, a potential disaster. Advances in P2P 

technology make it possible to transmit information quickly, some of the most promising programs in the 

field of DR use the technology of neural networks to quickly analyse the information they receive, in order to 

give a quick and effective response, Some DR programs analyse data provided in real time by different 

sensors to try to be as accurate as possible in the forecasting. 

In literature, there are many types of forecasting models to predict the electricity demand based on different 

algorithms, techniques and theories. Each forecasting model gives new information and has different 

characteristics, from the horizon that so much in the future can predict the electric charge, up to the speed 

of response, it will be how fast it responds to unforeseen events, or how flexible the model is, there are many 

models with different forecasting times periods, from a number of hours, a number of days to several weeks, 

and knowing the time period is fundamental for DR project, 

In some sense, short term load forecasting is similar to customer baseline load estimation since it investigates 

same time scales. Baseline estimation is however slightly different to short term load forecasting since it 

must satisfy both consumers and utility side. The purpose of load forecasting for generation side is to match 

the amount of electricity generation to the consumption while minimizing generation cost. In contrast, the 
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establishment of baseline load is aimed at demand side to measure the DR performance. Accurate demand 

forecasting can motivate customers to participate in DR programs and to receive monetary rewards from the 

utility company (Park, et al., 2015).  

All these concepts are fundamental to plan and execute a DR project, and it is important to have these parts 

clear before analysing any DR project. For this reason, in the previous paragraphs the basic concepts were 

explained. In the following parts this DR Project will discussed, and its characteristics, stakeholders, DR 

programs, flexibility assessment, data model for forecasting will be examined. The basic concepts of this 

project will be available and will allow the results to be much easier to interpret by third parties, people who 

do not work directly within the program. 

 

2.1 Stakeholders 
 

Energy markets are evolving in a new connected vision, in which, compared to the classical framework, 
different stakeholders are called to take part into the whole energy value chain, from Generation to services 
for transmission and distribution. Keeping in mind the new pŀǊŀŘƛƎƳ ƻŦ ǘƘŜ ǘƻŘŀȅΩǎ ǎƳŀǊǘ ƎǊƛŘ ǎŎŜƴŀǊƛƻΣ ǿŜ 
can specify the following stakeholders for the eDREAM project: 

¶ System Operators (Transmission System Operators, Independent System Operators, Distribution System 
Operators and other local network operation entities) 

¶ Market Operators (Retailers, Large producers & Traders, Brokers, Aggregators, ESCo, etc) 

¶ Governance and Policy Bodies (Regulation Authorities, Governmental Institutions, Public 
administrations, Policy Makers, no profit Agencies) 

¶ Final Users (prosumers, producers, large consumers, user cooperatives) 

¶ External Services providers (all those subjects that does not produce, dispatch, sell or use energy and 
participate to the market in a subsidiary way: services providers, third part service providers, Research & 
Innovation Entities, industrial or consultancy providers, like the P2P Blockchain Service provider 
mentioned) 

The diagram below indicates the relationship between the stakeholders among such new vision. From the 
final users like active consumers (or prosumers), the value chain is connected to form a bi-directional flow, 
where market players like aggregators, brokers, ESCOs and traders, provide services to system operators 
and/or to final users on the energy markets.  

In the eDREAM concept, another stakeholder that can take part to the logic of Energy markets and DR 
programs is the P2P Blockchain Service provider: it may address one of the most promising target markets. 
Blockchain platform could be considered as enabling technologies to allow aggregators to reduce their 
operational risk and lowering transaction costs. On the other side, the majority of the typical activities 
covered by an aggregator could be done thanks to the automated support of P2P DLT/Blockchain platform. 
This is comprehensively defined in eDREAM D2.1: User group definitions, end-user needs, requirement 
analysis and deployment guidelines, Chapter 2. 
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Figure 2 Stakeholders in a modern smart grid scenario 

 

2.2 Demand Response Programs 
 

Several definitions of Demand Response (DR) can be found in literature. One of the most popular and cited 

defines Demand Response as the changes in electric usage by end-use customers from their normal 

consumption patterns in response to changes in the price of electricity over time. Further, DR can be also 

defined as the incentive payments designed to induce lower electricity use at times of high wholesale market 

prices or when system reliability is jeopardised (i). 

Different DR programs exist and can be executed. They are mainly divided into two categories: Incentive 

Based Programs (IBPs) and Price Based Programs (PBP, sometimes referred as Time-Based Rate Programs). 

In IBP, the customer response is triggered by a form of explicit economic incentive that can be generated 

enabling the DR, while in PBP, the customer is induced to react to a change of price signals to have economical 

advantage and for this reason can be considered as an implicit form of DR. 

/ƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ tǊƻƎǊŀƳǎ 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŘƻƴŜ ōȅ !ƭōŀŘƛ Ŝǘ ŀƭΦiiΣLƴŎŜƴǘƛǾŜ .ŀǎŜŘ tǊƻƎǊŀƳǎ Ŏŀƴ ōŜ /ƭŀǎǎƛŎŀƭ ƻǊ aŀǊƪŜǘ 
ōŀǎŜŘΥ 

(i) /ƭŀǎǎƛŎŀƭ L.tǎ ƛƴŎƭǳŘŜ  

¶ 5ƛǊŜŎǘ /ƻƴǘǊƻƭ tǊƻƎǊŀƳǎΣ ǿƘŜǊŜ ŀ ǳǘƛƭƛǘȅ ǇǊƻǾƛŘŜǊ Ŏŀƴ ŘƛǊŜŎǘƭȅ ŎƻƴǘǊƻƭ ŀ ŎǳǎǘƻƳŜǊ ŜǉǳƛǇƳŜƴǘ 
όƛΦŜΦ ǎƘǳǘ Řƻǿƴ ŀ ǊŜƴŜǿŀōƭŜ ǇƭŀƴǘΣ ƻǊ ŎƘŀǊƎŜκŘƛǎŎƘŀǊƎŜ ŀ ǎǘƻǊŀƎŜΣ ŜǘŎΧύΣ ŀŦǘŜǊ ŀƴ ŀƎǊŜŜƳŜƴǘ 
ǳǎǳŀƭƭȅ ƳŀŘŜ ōȅ ŀ ŘƛǊŜŎǘ ŎƻƴǘǊŀŎǘΦ 

¶ LƴǘŜǊǊǳǇǘƛōƭŜπ/ǳǊǘŀƛƭŀōƭŜ tǊƻƎǊŀƳǎΦ Lƴ ǘƘƛǎ ŎŀǘŜƎƻǊȅ ǘƘŜ ŎǳǎǘƻƳŜǊ Ŏŀƴ ƛƴǘŜǊǊǳǇǘπŎǳǊǘŀƛƭ ǘƘŜƛǊ 
ƭƻŀŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ŎƻƴǘǊŀŎǘǳŀƭ ŀǊǊŀƴƎŜƳŜƴǘǎΣ ŀŦǘŜǊ ŀ ŘƛǊŜŎǘ ǊŜǉǳŜǎǘ ŦǊƻƳ ǘƘŜ ǎȅǎǘŜƳ 
ƻǇŜǊŀǘƻǊΦ ¢Ƙƛǎ ŎŀǘŜƎƻǊȅ ǳǎǳŀƭƭȅ ƛƴǾƻƭǾŜǎ ƭŀǊƎŜ ƛƴŘǳǎǘǊƛŀƭ ƻǊ ŎƻƳƳŜǊŎƛŀƭ ŎǳǎǘƻƳŜǊǎΦ  

(ii) aŀǊƪŜǘ ōŀǎŜŘ tǊƻƎǊŀƳǎ ƛƴŎƭǳŘŜ 

¶ 5ŜƳŀƴŘ ōƛŘŘƛƴƎ όƻǊ ōǳȅōŀŎƪύΣ ŀ ǇǊƻƎǊŀƳ ǘƘŀǘ ŜƴŎƻǳǊŀƎŜǎ ƛƴŘǳǎǘǊƛŀƭ ƭŀǊƎŜ ŎƻƴǎǳƳŜǊǎ ǘƻ 
ǊŜǎŎƘŜŘǳƭŜ ǘƘŜƛǊ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ŘŜŎƭƛƴŜ ǘƘŜƛǊ ƭƻŀŘ ƛƴ ǇŜŀƪ ƘƻǳǊǎ ƛƴ ǊŜǘǳǊƴ ŦƻǊ 
ŦƛƴŀƴŎƛŀƭ ǊŜǿŀǊŘǎΦiii ¦ǎǳŀƭƭȅ ŀ ŎǳǎǘƻƳŜǊ Ŏŀƴ ōƛŘ ŦƻǊ ŀ ƭƻŀŘ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘΦ 
LŦ ǘƘŜ ōƛŘ ƛǎ ŀŎŎŜǇǘŜŘΣ ǘƘŜ ŎǳǎǘƻƳŜǊ Ƴǳǎǘ ǊŜŘǳŎŜ ǘƘŜ ƭƻŀŘ ŀǎ ǎǇŜŎƛŦƛŜŘ ƛƴ ǘƘŜ ōƛŘ ƻǘƘŜǊǿƛǎŜ 
ǇŜƴŀƭǘƛŜǎ ǿƛƭƭ ŀǇǇƭȅΦ 
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¶ 9ƳŜǊƎŜƴŎȅ 5w tǊƻƎǊŀƳǎ ό95wtύΣ ƛǎ ŀŎǘƛǾŀǘŜŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŀƴ ŜƳŜǊƎŜƴŎȅ ŦǊƻƳ ƎǊƛŘ ƻǇŜǊŀǘƻǊ 
ǎǳŎƘ ŀǎ ǎƘƻǊǘŀƎŜ ƻǊ ŎƻƴƎŜǎǘƛƻƴΦ CƻǊ ǘƘŜ 95wt ǇǊƻƎǊŀƳΣ ǘƘŜ ǎȅǎǘŜƳ ƻǇŜǊŀǘƻǊ ǘȅǇƛŎŀƭƭȅ ǎŜƴŘǎ 
ƴƻǘƛŦƛŎŀǘƛƻƴǎ ŀ Řŀȅ ōŜŦƻǊŜ ǘƘŜ ŜǾŜƴǘ ŀƴŘ ƻƴ ǘƘŜ Řŀȅ ƻŦ ǘƘŜ ŜǾŜƴǘ όƛƴ ǎƻƳŜ ŎŀǎŜǎ ǳǇ ǘƻ ол 
ƳƛƴǳǘŜǎ ǇǊƛƻǊ ǘƻ ǘƘŜ ŜǾŜƴǘύΦivΣvΦ 

¶ /ŀǇŀŎƛǘȅ aŀǊƪŜǘ tǊƻƎǊŀƳǎΣ ŘŜǎƛƎƴŜŘ Ƴŀƛƴƭȅ ŦƻǊ ǎŜŎǳǊƛǘȅ ǊŜŀǎƻƴ ōȅ ŎŜƴǘǊŀƭ ƻǇŜǊŀǘƻǊǎ όƛΦŜΦ ¢{hΣ 
ƭƛƪŜ ǘƘŜ Lǘŀƭƛŀƴ ¢9wb!ύΣ ǘƻ ŀǾƻƛŘ ōƭŀŎƪƻǳǘ ƻǊ ƻǘƘŜǊ ƎǊƛŘ ǎŜǊǾƛŎŜ ƛǎǎǳŜǎΦ ¢ƘŜ Ƴŀƛƴ ǇǳǊǇƻǎŜ ƛǎ ǘƻ 
ŜƴǎǳǊŜ ŀƴ ŀŘŜǉǳŀǘŜ ŀƴŘ ǊŜƭƛŀōƭŜ ŎŀǇŀŎƛǘȅ ŀǾŀƛƭŀōƭŜ ǿƘŜƴ ƴŜŜŘŜŘΦ CƻǊ ǘƘŀǘΣ ŎǳǎǘƻƳŜǊǎ ƻǊ 
ŎŀǇŀŎƛǘȅ ǇǊƻǾƛŘŜǊǎ ŀǊŜ ǇŀƛŘ ǘƻ ƳŀƪŜ ŀ ŘƛǎǇƻǎƛǘƛƻƴ ŜƴŜǊƎȅ ǊŜǎŜǊǾŜ ŦƻǊ ǘƘŜ ǿƘƻƭŜ ŘǳǊŀǘƛƻƴ ƻŦ 
ǘƘŜ ŎƻƴǘǊŀŎǘΦ 

¶ !ƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎ ƳŀǊƪŜǘ ǇǊƻƎǊŀƳƳŜǎΣ ǎŜǊǾƛŎŜǎ ŘŜǎƛƎƴŜŘ ōȅ ǎȅǎǘŜƳ ƻǇŜǊŀǘƻǊǎ ǘƻ ǎŜŎǳǊŜƭȅ 
ƳŀƴŀƎŜ ǘƘŜ ƎǊƛŘ ǿƘƛƭŜ ŜƴǎǳǊƛƴƎ ŀ ƎƻƻŘ ǉǳŀƭƛǘȅ ƻŦ ǎŜǊǾƛŎŜΦ ¢ƘŜ ŦǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜ ƛǎ ƻƴŜ ƻŦ 
ǘƘŜ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜ ƳŀǊƪŜǘ ǇǊƻƎǊŀƳǎΦ 

tǊƛŎŜ .ŀǎŜŘ tǊƻƎǊŀƳǎ ƛƴŎƭǳŘŜΥ 

(i) ¢ƛƳŜ ƻŦ ¦ǎŜ ό¢h¦ύΣ ƛƴ ǿƘƛŎƘ ǘƘŜǊŜ ŀǊŜ ŀ ǎŜǘ ƻŦ ōƭƻŎƪǎΣ ŜŀŎƘ ƻƴŜ ǿƛǘƘ ŀ ǎǇŜŎƛŦƛŎ ǇǊƛŎŜΦ ¦ǎǳŀƭƭȅ ǿŜ 
Ŏŀƴ ŦƛƴŘ нπо ǇǊƛŎŜ ōƭƻŎƪǎ ǇŜǊ ŘŀȅΦ 

(ii) /ǊƛǘƛŎŀƭ tŜŀƪ tǊƛŎƛƴƎ ό/ttύΣ Ŏƻƴǎƛǎǘǎ ƛƴ ŎǊŜŀǘƛƴƎ ōƭƻŎƪǎ ǿƛǘƘ ƘƛƎƘ ǇǊƛŎŜǎ ƛƴ ǇǊƻȄƛƳƛǘȅ ƻŦ ŜȄǇŜŎǘŜŘ 
ǇŜŀƪ ƘƻǳǊǎΣ ŀƴŘ ƭƻǿ ǇǊƛŎŜǎ ŦƻǊ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ƘƻǳǊǎΦ {ƛƳƛƭŀǊƭȅΣ ǘƻ /ttΣ ǘƘŜǊŜ ŀǊŜ ƻǘƘŜǊ ǎǇŜŎƛŦƛŎ 
ǇǊƻƎǊŀƳǎΣ ƴŀƳŜƭȅ 9ȄǘǊŜƳŜ 5ŀȅ tǊƛŎƛƴƎ ό95tύ ŀƴŘ 9ȄǘǊŜƳŜ 5ŀȅ /tt ό95π/ttύΦ 

(iii) wŜŀƭ ¢ƛƳŜ tǊƛŎƛƴƎ όw¢tύΣ ǿƘŜǊŜ ǇǊƛŎŜ ŎƘŀƴƎŜǎ ƻƴ ƘƻǳǊƭȅ ōŀǎƛǎΣ ŀǎ ŦǳƴŎǘƛƻƴ ƻŦ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ 
ŎƻƴŘƛǘƛƻƴǎΦ 

 

Figure 3 TOU, CPP, RTP and FP programs comparison over 24 hours 
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2.3 Flexibility Assessment and Demand Response 
 

!ŎŎƻǊŘƛƴƎ ǘƻ 9¦w9[9/¢wL/vi Σ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ƻŦ ŀ ǇƻǿŜǊ ǎȅǎǘŜƳ ǊŜŦŜǊǎ ǘƻ Ϧ¢ƘŜ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ƎŜƴŜǊŀǘƛƻƴ 

ƛƴƧŜŎǘƛƻƴ ŀƴŘκƻǊ ŎƻƴǎǳƳǇǘƛƻƴ ǇŀǘǘŜǊƴǎ ƛƴ ǊŜŀŎǘƛƻƴ ǘƻ ŀƴ ŜȄǘŜǊƴŀƭ ǎƛƎƴŀƭ όǇǊƛŎŜ ǎƛƎƴŀƭ ƻǊ ŀŎǘƛǾŀǘƛƻƴύ ƛƴ ƻǊŘŜǊ ǘƻ 

ǇǊƻǾƛŘŜ ŀ ǎŜǊǾƛŎŜ ǿƛǘƘƛƴ ǘƘŜ ŜƴŜǊƎȅ ǎȅǎǘŜƳϦΦ 

¢ƘŜƴΣ ǿƛǘƘ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅΣ ǿŜ Ŏŀƴ ǊŜŦŜǊ ǘƻ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŀ ǎȅǎǘŜƳ ǘƻ ŎƘŀƴƎŜ ǇƻǿŜǊ ǎǳǇǇƭȅκŘŜƳŀƴŘ ǘƻ ŀƴȅ ǘȅǇŜ 

ƻŦ ǎŎŀƭŜΣ ŦǊƻƳ ǘƘŜ ǎƛƴƎƭŜ ŘŜǾƛŎŜ ǘƻ ǘƘŜ ŜƴǘƛǊŜ ōǳƛƭŘƛƴƎ ǳǇ ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǇƻǿŜǊ ǇƭŀƴǘΦ 

¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘƛǎǘǊƛōǳǘƛƻƴ ǎŜŎǘƻǊ ƴŜŜŘǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ƳŀǊƎƛƴǎ ƻŦ ǳǎŜǊǎ ƛƴ ƻǊŘŜǊ ǘƻ ŜȄǇƭƻƛǘ ŀƴŘ 

ƳŀƴŀƎŜ ǘƘŜ ƎǊƻǿǘƘ ƛƴ ǾŀǊƛŀōƭŜ w9{ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘ ŀ ƎǊƻǿƛƴƎ ǎƘŀǊŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǘƛƻƴΦ LƴŘŜŜŘΣ ǘƘŜ 

ƭŀŎƪ ƻŦ ŦƭŜȄƛōƛƭƛǘȅ ǊŜǎǳƭǘǎ ƛƴ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜŘǳŎǘƛƻƴ ƛƴ w9{ ŀƴŘκƻǊ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ Ŏƻǎǘǎ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ 

ƴŜǘǿƻǊƪΦ 

5ŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ƛǎ ǘƘŜ Ƴƻǎǘ ƛƳƳŜŘƛŀǘŜƭȅ ŀǾŀƛƭŀōƭŜ ǿŀȅ ǘƻ ƛƴŎǊŜŀǎŜ ŦƭŜȄƛōƛƭƛǘȅΣ ŀƭƭƻǿƛƴƎ ŎǳǎǘƻƳŜǊǎ ǘƻ ǘŀƪŜ 

ŀŘǾŀƴǘŀƎŜ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻǿŜǊ ŜƴŜǊƎȅ ǇǊƛŎŜǎ ǘƘŀƴ ǘƘƻǎŜ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǘƘŜ ŎƭŀǎǎƛŎ ƳƻŘŜΦ ¢ƻ ǘƘƛǎ ŜƴŘΣ ƛǘ ƛǎ 

ƛƳǇƻǊǘŀƴǘ ǘƻ ǘŀŎƪƭŜ ǎƻƳŜ ƛǎǎǳŜǎ ǘƘŀǘ ǎǘƛƭƭ ǎǘŀƴŘ ōŜǘǿŜŜƴ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ŀƴŘ ƳŀǊƪŜǘ 

ǇǊƻƎǊŀƳǎΣ ǎǳŎƘ ŀǎ ǘƘŜ ƴŜŎŜǎǎƛǘȅ ǘƻ ƛƳǇǊƻǾŜ ŎƻƴǎǳƳŜǊϥǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŀŎǘ όƳŜǘŜǊǎΣ ǘŀǊƛŦŦ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ƪƴƻǿƭŜŘƎŜύ 

ŀƴŘ ƛǎǎǳŜǎ ǊŜƭŀǘŜŘ ǘƻ ƳŀǊƪŜǘ ŘŜǎƛƎƴ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴ όŀŎŎŜǎǎ ǊǳƭŜǎ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎύΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ŘŜƳŀƴŘ 

ǊŜǎǇƻƴǎŜ Ƴŀȅ ŜƴŎƻƳǇŀǎǎ ƴƻƴπǘǊƛǾƛŀƭ ǳƴŎŜǊǘŀƛƴǘȅΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ǇǊƛŎŜπōŀǎŜŘ 5w ǇǊƻƎǊŀƳǎ ƻǊ ǿƘŜƴ ƴƻƴπ

ŎƻƳǇƭƛŀƴŎŜ ƛǎ ƴƻǘ ǇŜƴŀƭƛȊŜŘ ŀƴŘ ǘƘŀǘ ŀƭƭ ƻŦ ǘƘƛǎ Ŏŀƴ ƭŜŀŘ ǘƻ ǎƛǘǳŀǘƛƻƴǎ ǿƘŜǊŜ ƳƻǊŜ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ŀŎǘƛǾŀǘŜŘ ŦƻǊ 

ŜƴǎǳǊƛƴƎ ǘƘŜ ǊŜǉǳƛǊŜŘ ŦƭŜȄƛōƛƭƛǘȅΣ ǿƘƛŎƘ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ƛƴŎǊŜƳŜƴǘ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ Ŏƻǎǘ ƻŦ ǘƘŜ ǎŜǊǾƛŎŜΦ 

CƻǊ ǘƘŜǎŜ ǊŜŀǎƻƴǎΣ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ ǇǊƻƎǊŀƳǎ ƛǎ Ŧǳƭƭȅ ŘŜǇŜƴŘŜƴǘ ōȅ ǘƘŜ ǊƛƎƘǘ 

ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ŦƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ƳŜǘƘƻŘǎ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅΦ 

!ƭƭ ƻŦ ǘƘŜǎŜ ŀŘŀǇǘ ǘƻ ŀ ǎǇŜŎǘǊǳƳΣ ŀƴŀƭȅǎƛƴƎ ŜȄŎƭǳǎƛǾŜƭȅ ǘƘŜ ǇƘȅǎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ŀƭƭ ǎȅǎǘŜƳ ǊŜǎƻǳǊŎŜǎ ƛƴ 
ƻǊŘŜǊ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŦƭŜȄƛōƛƭƛǘȅ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ŀƴŀƭȅǎƛǎ ƻǊ ŀ ŘŜǘŀƛƭŜŘ 
ǎƛƳǳƭŀǘƛƻƴ ƻŦ ŦǳǘǳǊŜ ȅŜŀǊǎΦ  

¢ƘŜǊŜ ŀǊŜ ŘƛŦŦŜǊŜƴǘ ŦƭŜȄƛōƛƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘ ƳŜǘƘƻŘǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ƎǊƻǳǇŜŘ ƻƴ ǘƘŜ ōŀǎŜ ƻŦ ǘƘŜ ƭŜǾŜƭ ƻŦ ŘŜǘŀƛƭ ƻŦ 
ǘƘŜ Řŀǘŀ ǳǎŜŘ ƛƴǘƻ ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎ όǎŎǊŜŜƴƛƴƎΣ ƛƴǘŜǊƳŜŘƛŀǘŜ ŀƴŘ ŘŜǘŀƛƭŜŘύΣ ŀƭƭ ƻŦ ǘƘƛǎ Ƴǳǎǘ ōŜ ǳǎŜŘ ǘƻ ǉǳŀƴǘƛŦȅ 
ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ŀǘ ŘƛŦŦŜǊŜƴǘ ǘƛƳŜ ǎŎŀƭŜǎ όғр ƳƛƴǳǘŜǎΣ р ƳƛƴǳǘŜǎΣ мл ƳƛƴǳǘŜǎΣ м ƘƻǳǊΣ о ƘƻǳǊǎύΦ ¢ƘŜ ǎƛƳǇƭŜǎǘ 
ŀǇǇǊƻŀŎƘŜǎ ŜǾŀƭǳŀǘŜ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ōȅ ŀƴŀƭȅǎƛƴƎ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǇƘȅǎƛŎŀƭ ǊŜǎƻǳǊŎŜǎ ƻƴ ǘƘŜ 
ǎȅǎǘŜƳ ǿƛǘƘƻǳǘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜƛǊ ƻǇŜǊŀǘƛƻƴΦ aƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘ ŀǇǇǊƻŀŎƘŜǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŘŜǘŀƛƭŜŘ 
ǎƛƳǳƭŀǘƛƻƴ ƻŦ ǎȅǎǘŜƳ ƻǇŜǊŀǘƛƻƴΦ wŜŎŜƴǘƭȅΣ ǘƘŜǎŜ ǎƛƳǳƭŀǘƛƻƴǎ ŀƭǎƻ ƛƴŎƭǳŘŜ ŀ ŎƻƳǇƭŜǘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ 
ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΣ ƛŦ ǘǊŀƴǎƳƛǎǎƛƻƴ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǎŎŀǊŜ ǊŜǎƻǳǊŎŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳΦ ¢ƘŜ ŘƛŦŦŜǊŜƴǘ ŎŀǘŜƎƻǊƛŜǎ Ŏŀƴ ŀƭǎƻ 
ōŜ ǳǎŜŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΣ ǎƻƳŜ ŜȄŀƳǇƭŜǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ōŜƭƻǿviiΥ 

¶ {ŎǊŜŜƴƛƴƎ ƻŦ ŀǾŀƛƭŀōƭŜ ŦƭŜȄƛōƛƭƛǘȅΥ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǊŜǎƻǳǊŎŜǎ ōŀǎŜŘ ŜȄŎƭǳǎƛǾŜƭȅ ƻƴ ǇƘȅǎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ 
ǿƛǘƘƻǳǘ ŀƴȅ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜƛǊ ǎǘŀǘǳǎ ƛƴ ƻǇŜǊŀǘƛƻƴΦ ¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǘȅǇŜ ƻŦ ŀƴŀƭȅǎƛǎ ƛǎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ 
ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ǊŀƳǇ ƻŦ ŀ ƎƛǾŜƴ ǎŜǘ ƻŦ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜ Ǌƛǎƪ ƛǎ ǘƻ ƻǾŜǊŜǎǘƛƳŀǘŜ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǊŜǎƻǳǊŎŜǎ 
ǘƻ ǇǊƻǾƛŘŜ ŦƭŜȄƛōƛƭƛǘȅΦ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ǘƘƛǎ ǘȅǇŜ ƻŦ ŜǾŀƭǳŀǘƛƻƴ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ǎŎǊŜŜƴƛƴƎ ŀŎǘƛǾƛǘȅΦ ¢ƘŜ 
ǎŎǊŜŜƴƛƴƎ ŀƴŀƭȅǎŜǎ ƛƴŎƭǳŘŜ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴ ƻŦ ǎǇŜŎƛŦƛŎ ǎȅǎǘŜƳ ŎƻƴŘƛǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ǇŜŀƪ ŀƴŘ ƳƛƴƛƳǳƳ 
ƭƻŀŘΣ ŀƴŘ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ŦƭŜȄƛōƛƭƛǘȅ ŦǊƻƳ ǘƘŜǎŜ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘǎ ƻǊ ǎŜƭŜŎǘƛƻƴ ƻŦ ŀ ǇŀǊǘƛŎǳƭŀǊ ǎǘŀǘŜ ƻŦ ǘƘŜ 
ǎȅǎǘŜƳ ƛƴ ǿƘƛŎƘ ŦƭŜȄƛōƛƭƛǘȅ ƛǎ ŜȄǇŜŎǘŜŘ ƛǎ ōƻǳƴŘΦ {ƻƳŜ ǿŜƭƭπƪƴƻǿƴ ǘƻƻƭǎ ŀƴŘ ƳŜǘƘƻŘǎ ŦƻǊ ǘƘŜ 
ǎŎǊŜŜƴƛƴƎ ƻŦ ŀǾŀƛƭŀōƭŜ ŦƭŜȄƛōƛƭƛǘȅ ŀǊŜ ǊŜǇƻǊǘŜŘ ōŜƭƻǿΥ 

o CƭŜȄƛōƛƭƛǘȅ !ǎǎŜǎǎƳŜƴǘ ¢ƻƻƭ όC!{¢ύviii Σ ŘŜǾŜƭƻǇŜŘ ŦǊƻƳ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅΣ ƛǎ 
ōŀǎŜŘ ƻƴ ŀ aƛŎǊƻǎƻŦǘ 9ȄŎŜƭ ǎǇǊŜŀŘǎƘŜŜǘ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ƻŦ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜΦ 
5ƛǎǇŀǘŎƘŀōƛƭƛǘȅ ŀǘ ǇŜŀƪ ŀƴŘ ƳƛƴƛƳǳƳ ƭƻŀŘ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ōŀǎŜŘ ƻƴ ƎŜƴŜǊŀǘƻǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ 
ŀƴŘ ǳǎŜǊ ƪƴƻǿƭŜŘƎŜΦ ¢ƘŜ ŦƭŜȄƛōƛƭƛǘȅ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ƛǎ ǘƘŜƴ ǉǳŀƴǘƛŦƛŜŘ ƻƴ ŘƛŦŦŜǊŜƴǘ 
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ǘƛƳŜ ƘƻǊƛȊƻƴǎ ƻŦ ƛƴǘŜǊŜǎǘ όŦǊƻƳ ŀ ŦŜǿ ƳƛƴǳǘŜǎ ǳǇ ǘƻ ŀ ŦŜǿ ƘƻǳǊǎύ ŦƻǊ ǳǇ ŀƴŘ Řƻǿƴ ǊŀƳǇǎΦ ¢Ƙƛǎ 
ƛǎ ǘƘŜƴ ŜȄǘǊŀǇƻƭŀǘŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƳŀȄƛƳǳƳ ǾŀǊƛŀōƛƭƛǘȅ ǘƘŀǘ ŎƻǳƭŘ ōŜ ǎŀǘƛǎŦƛŜŘ ōȅ ǘƘŜ 
ǎȅǎǘŜƳ ǊŜǎƻǳǊŎŜǎΦ 

o  

 

Figure 4 FAST screening Method 

 

o tƻǊǘƭŀƴŘ DŜƴŜǊŀƭ 9ƭŜŎǘǊƛŎΩǎ όtD9Ωǎύ LƴǘŜƎǊŀǘŜŘ wŜǎƻǳǊŎŜ tƭŀƴix ŀƛƳǎ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ŀƴǎǿŜǊǎ 
ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǉǳŜǎǘƛƻƴǎΥ όмύ Ƙƻǿ Ƴŀƴȅ a² ƻŦ ŘƛǎǇŀǘŎƘŀōƭŜ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ όŀύ 
ƳŜŜǘ ƭƻŀŘΣ ŀƴŘ όōύ ƳŜŜǘ ŦƭŜȄƛōƛƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎΣ όнύ ²Ƙŀǘ ƛǎ ǘƘŜ ƻǇǘƛƳŀƭ ƳƛȄ ƻŦ ƴŜǿ ǊŜǎƻǳǊŎŜǎΣ 
ƎƛǾŜƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ŜȄƛǎǘƛƴƎ ŦƭŜŜǘ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ŀƴŘ ǊŜƴŜǿŀōƭŜ ǊŜǎƻǳǊŎŜǎΦ ¢Ƙƛǎ 
ƳŜǘƘƻŘ ǘǊƛŜǎ ǘƻ ǉǳŀƴǘƛŦȅ ǘƘŜ ǊŜǉǳƛǊŜŘ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ŀǾŀƛƭŀōƭŜ ŦƭŜȄƛōƭŜ ǊŜǎƻǳǊŎŜΣ 
ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ǊŜƭŜǾŀƴǘ ǘƛƳŜ ǎŎŀƭŜǎ ŦƻǊ ǳǇ ǘƻ ƻƴŜ ƘƻǳǊΦ ¢ƘŜ ŀǾŀƛƭŀōƭŜ ǊŜǎƻǳǊŎŜ ƛǎ ǉǳŀƴǘƛŦƛŜŘ 
ōȅ ŀŎǘƛǾŀǘƛƴƎ ŀƭƭ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ƳƻǾƛƴƎ ǘƘŜƳ ǘƻ ǘƘŜ ƳŀȄƛƳǳƳ ŎŀǇŀŎƛǘȅ ŀǎ ǎƻƻƴ ŀǎ ǇƻǎǎƛōƭŜΦ 
.ȅ ǳǎƛƴƎ ǘƘƛǎ ŀǇǇǊƻŀŎƘΣ ǘƘŜ ǘƻƭƭ ŎƻƳǇŀǊŜǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŀǾŀƛƭŀōƭŜ ŎŀǇŀŎƛǘȅ ŜǎǘƛƳŀǘŜŘ ǿƛǘƘ 
ǘƘŜ ǊŜǉǳƛǊŜŘ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ŘŜǘŜǊƳƛƴŜǎ ǿƘŜǘƘŜǊ ǎǳŦŦƛŎƛŜƴǘ ŦƭŜȄƛōƛƭƛǘȅ ŜȄƛǎǘǎΦ 

o YƛǊǎŎƘŜƴκaŀx Υ Lƴ ǘƘƛǎ ƳŜǘƘƻŘ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ƎŜƴŜǊŀǘƛƻƴ ǊŜǎƻǳǊŎŜǎ ƛǎ 
ŘŜǇŜƴŘŜƴǘ ƻƴ ǎǘŀǊǘ ǘƛƳŜΣ ǊŀƳǇ ǊŀǘŜ ŀƴŘ ƻǇŜǊŀǘƛƴƎ ǊŀƴƎŜΦ ¢Ƙƛǎ aŜǘƘƻŘ ŘŜŦƛƴŜǎ ŀ ŦƭŜȄƛōƛƭƛǘȅ 
ƛƴŘŜȄ ǇǊŜǎŜƴǘŜŘ ŦƻǊ ǳƴƛǘǎ ŀƴŘ ǎȅǎǘŜƳ ŀǎ ŀ ƳŜŀƴǎ ǘƻ ƳŜŀǎǳǊŜ ŀƴŘ ŎƻƳǇŀǊŜ ŦƭŜȄƛōƛƭƛǘȅ ŀŎǊƻǎǎ 
ǊŜǎƻǳǊŎŜǎΦ 

¶ LƴǘŜǊƳŜŘƛŀǘŜ !ǎǎŜǎǎƳŜƴǘΥ ƛƴ ǘƘƛǎ ŎŀǎŜ ŀ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ŀǇǇǊƻŀŎƘ ǘƘŀƴ ǘƘƻǎŜ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ 
ǎǳōǎŜŎǘƛƻƴ ŀǊŜ ǳǎŜŘΣ ōǳǘ Řƻ ƴƻǘ ȅŜǘ ŜȄŀƳƛƴŜ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǎǘǳŘȅ ƻŦ ǘƘŜ ŘƛǎǇŀǘŎƘƳŜƴǘΣ ǿƛǘƘ ŀƭƭ ǘƘŜ 
ƛƳǇƭƛŎŀǘƛƻƴǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳƻŘŜƭƭƛƴƎΦ {ƻƳŜ ƳŜǘƘƻŘǎ ƪƴƻǿƴ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀǊŜ 
ǊŜǇƻǊǘŜŘ ōŜƭƻǿΥ 

o {ŎƘƛƭƭƳƻŜƭƭŜǊ xi Υ Lǘ ƳŀƪŜǎ ǳǎŜ ƻŦ ŀƴ ŀǇǇǊƻŀŎƘ ǘƘŀǘ ƳŀƪŜǎ ƛǘ ǇƻǎǎƛōƭŜ ǘƻ ǎƻǊǘ ǘƘŜ ŀǾŀƛƭŀōƭŜ 
ǊŜǎƻǳǊŎŜǎ ƻƴ ŘƛŦŦŜǊŜƴǘ ǘƛƳŜ ǎŎŀƭŜǎ ǎƻ ǘƘŀǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǊŜǎǇƻƴǎŜ ǊŀǘŜǎ Ŏŀƴ ōŜ ŎƻƳōƛƴŜŘ ǘƻ 
ǇǊƻǾƛŘŜ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ƻǾŜǊŀƭƭ ǎȅǎǘŜƳ ǊŀƳǇǎΦ ¢Ƙƛǎ ǎƘƻǿǎ ǘƘŜ ǘƻǘŀƭ ǊŀƳǇƛƴƎ ǘƘŀǘ Ŏŀƴ ōŜ 
ǇǊƻǾƛŘŜŘ ŦƻǊ ŀ ŎŜǊǘŀƛƴ ǇŜǊƛƻŘ ƻŦ ǘƛƳŜΣ ŦƛǊǎǘ ŘŜǎŎǊƛōƛƴƎ ŀ ŎǳƳǳƭŀǘƛǾŜ ŎǳǊǾŜ ƻŦ ǘƘŜ ǊŀƳǇ ŘǳǊŀǘƛƻƴΣ 
ǿƘƛŎƘ ŘƻŜǎ ƴƻǘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǊŜŎƻǾŜǊȅ ƻŦ ŎŀǇŀŎƛǘȅΦ ¢ƘŜ ŎŀǇŀŎƛǘȅ ǘƻ ǊŜŎƻǾŜǊ ŘǳǊƛƴƎ ŀ 
ƴŜǘ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ǘƘŜǊŜŦƻǊŜ ŘŜǎŎǊƛōŜŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƛƴƛǘƛŀƭ ŎƻƴŘƛǘƛƻƴǎΣ ƛƴŘƛŎŀǘŜŘ ŀǎ ŀ ǇŀǘƘΦ 
¢ƘŜ ǘƻǘŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜ ǘƘŜƴ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ǘƘŜ ƳƛƴƛƳǳƳ ǊŜǉǳƛǊŜŘ ǊŜǎƻǳǊŎŜ ǘƘŀǘ ǎŀǘƛǎŦƛŜǎ 
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ŀƭƭ ǇŀǘƘǎΦ /ƻƳǇŀǊƛƴƎ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǿƛǘƘ ǘƘŜ ŀǾŀƛƭŀōƭŜ ŎŀǇŀŎƛǘȅ ǎƘƻǿǎ ƛŦ ŀƴŘ Ƙƻǿ ǘƘŜ 
ǎȅǎǘŜƳ ŘƻŜǎ ƴƻǘ ƘŀǾŜ ǎǳŦŦƛŎƛŜƴǘ ŦƭŜȄƛōƛƭƛǘȅΤ 

o C!{¢нxii ǎǘŀǊǘƛƴƎ ŦǊƻƳ ŀƴ ƛƴƛǘƛŀƭΣ ƘƛƎƘπƭŜǾŜƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǇƻǿŜǊ ǎȅǎǘŜƳ ŦƭŜȄƛōƛƭƛǘȅ ōŀǎŜŘ ƻƴ ŀ 
ŎƘǊƻƴƻƭƻƎƛŎŀƭ ƘƻǳǊƭȅ ƳŀǘŎƘƛƴƎ ƻŦ ƭƻŀŘ ŀƴŘ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎǳǇǇƭȅΣ ǘƘƛǎ ŀƭƎƻǊƛǘƘƳ 
ƛǎ ŀōƭŜ ǘƻ ŎŀƭŎǳƭŀǘŜ ŦƭŜȄƛōƛƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦǊƻƳ ƘƻǳǊƭȅ ƭƻŀŘ ŀƴŘ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ 
ƎŜƴŜǊŀǘƛƻƴ Řŀǘŀ ƻǾŜǊ ŀ ǇŜǊƛƻŘ ŀƴŘ ƳŀǘŎƘŜǎ ƛǘ ŀƎŀƛƴǎǘ ŦƭŜȄƛōƛƭƛǘȅ ǇǊƻǾƛǎƛƻƴǎ ŦǊƻƳ ŦƭŜȄƛōƭŜ ǇƭŀƴǘǎΣ 
ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴǎΣ ŘŜƳŀƴŘπǎƛŘŜ ǊŜǎǇƻƴǎŜΣ ǿƘƛƭŜ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ŜȄƛǎǘƛƴƎ ƛƴŦƭŜȄƛōƛƭƛǘȅ ŘǳŜ 
ǘƻ ǘƘŜ ƳƛƴƛƳǳƳ ƎŜƴŜǊŀǘƛƻƴ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ŘƛǎǇŀǘŎƘŀōƭŜ ǇƭŀƴǘǎΦ Lǘǎ ƻǳǘǇǳǘ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ 
ƘƻǳǊǎ ǿƛǘƘ ƛƴǎǳŦŦƛŎƛŜƴǘ ŦƭŜȄƛōƛƭƛǘȅ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ƘȅǇƻǘƘŜǘƛŎŀƭ ƭŜǾŜƭǎ ƻŦ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜ 
ŜƴŜǊƎȅ ǇŜƴŜǘǊŀǘƛƻƴΦ {ǳŎƘ ŀƴ ŀǎǎŜǎǎƳŜƴǘ Ŏŀƴ ōŜ ŎƻƴŘǳŎǘŜŘΣ ƛƴ ǘƘŜ ƭƻƴƎπǘŜǊƳ ǇƭŀƴƴƛƴƎ ŎƻƴǘŜȄǘΣ 
ŀǎ ŜȄπǇƻǎǘ ǾŀƭƛŘŀǘƛƻƴ ƻŦ ƳƻŘŜƭ ǊŜǎǳƭǘǎ ŦƻǊ ŀ ǎƛƴƎƭŜ ŦǳǘǳǊŜ ȅŜŀǊΦ 

o 9twLxiiiΣ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǳǎŜ ƻŦ {ȅǎǘŜƳ CƭŜȄƛōƛƭƛǘȅ {ŎǊŜŜƴƛƴƎ ŀƴŘ !ǎǎŜǎǎƳŜƴǘ ¢ƻƻƭ όLƴC[9·ƛƻƴύΣ 
ƴƻǿ ƛƴ ƛǘǎ оΦл ǾŜǊǎƛƻƴxiv όŦƛǊǎǘ ǘƘǊŜŜ ƭŜǾŜƭ ƻŦ ǘƘŜ 9twL aǳƭǘƛπ[ŜǾŜƭ CƭŜȄƛōƛƭƛǘȅ !ǎǎŜǎǎƳŜƴǘύΦ ¢ƘŜ 
¢ƻƻƭ ŀƭƭƻǿǎ ŦƻǊ ŜŀǎƛŜǊ ŀƴŀƭȅǎƛǎ ƻŦ ŦƭŜȄƛōƛƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ŦƭŜȄƛōƭŜ ǊŜǎƻǳǊŎŜǎ ŦƻǊ ǎȅǎǘŜƳǎ 
ǿƛǘƘ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ǾŀǊƛŀōƭŜ ƎŜƴŜǊŀǘƛƻƴΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ŀǎǎŜǎǎŜǎ ǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ƴŜǘ 
ƭƻŀŘ ōŀǎŜŘ ƻƴ ǘƛƳŜ ǎŜǊƛŜǎ Řŀǘŀ όŀǘ ƭŜŀǎǘ ƻƴŜ ȅŜŀǊ ŀǘ р ƳƛƴǳǘŜ ƛƴǘŜǊǾŀƭǎύ ǇŜǊŦƻǊƳƛƴƎ ŀ ƴǳƳōŜǊ 
ƻŦ ƘƛǎǘƻǊƛŎŀƭ ŀƴŀƭȅǎƛǎΣ ǎƛƳƛƭŀǊ ǘƻ ƻǘƘŜǊ ƳŜǘƘƻŘǎΣ ƻǾŜǊ ŀ ǊŀƴƎŜ ƻŦ ǘƛƳŜ ǎŎŀƭŜǎΣ ŀƭƭƻǿƛƴƎ ǾŀǊƛƻǳǎ 
ƳŜǘǊƛŎǎ ǘƻ ōŜ ǉǳŀƴǘƛŦƛŜŘ ŀƴŘ ƎǊŀǇƘǎ ǇǊƻŘǳŎŜŘ ŦƻǊ ŦƭŜȄƛōƛƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎΦ 9ǎǎŜƴǘƛŀƭƭȅΣ ǘƘŜ 
ƳŜǘǊƛŎǎ ŀǊŜ ƻŦ ǘƘǊŜŜ ǘȅǇŜǎΥ tŜǊƛƻŘǎ ƻŦ CƭŜȄƛōƛƭƛǘȅ 5ŜŦƛŎƛǘΣ 9ȄǇŜŎǘŜŘ ¦ƴǎŜǊǾŜŘ wŀƳǇƛƴƎΣ 
LƴǎǳŦŦƛŎƛŜƴǘ wŀƳǇƛƴƎ wŜǎƻǳǊŎŜ 9ȄǇŜŎǘŀǘƛƻƴΦ ¢ƘŜ ŘŜǘŀƛƭŜŘ ŦƭŜȄƛōƛƭƛǘȅ ƳŜǘǊƛŎǎ ŀƭƭƻǿ ŦƻǊ 
ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ǎǳŦŦƛŎƛŜƴŎȅ ƻŦ ŀ ǎȅǎǘŜƳΣ ƛƴŎƭǳŘƛƴƎ Ƙƻǿ ǘǊŀƴǎƳƛǎǎƛƻƴ ƛƳǇŀŎǘǎ ƻƴ 
ǘƘŜ ǎȅǎǘŜƳ ŦƭŜȄƛōƛƭƛǘȅ ƳŜǘǊƛŎǎΣ ŀƴŘ Ƙƻǿ ŘƛŦŦŜǊŜƴǘ ǊŜǎƻǳǊŎŜǎ Ŏŀƴ ƛƳǇǊƻǾŜ ǎȅǎǘŜƳ ŦƭŜȄƛōƛƭƛǘȅΦ 

 

Figure 5 EPRI Multi-Level Flexibility Assessment 
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¶ 5ŜǘŀƛƭŜŘ !ǎǎŜǎǎƳŜƴǘ aŜǘƘƻŘǎΥ ¢ƘŜ ŎƻƳǇƭŜǘŜ ŀƴŀƭȅǎƛǎ ǘƻ ŀǎǎŜǎǎ ŦƭŜȄƛōƛƭƛǘȅ ǊŜǉǳƛǊŜǎ ƳƻǊŜ ŘŜǘŀƛƭǎ 
ŀōƻǳǘ ǎȅǎǘŜƳ ƻǇŜǊŀǘƛƻƴǎΣ ǿƘƛŎƘ ƎŜƴŜǊŀƭƭȅ ƳŜŀƴǎ ŎƻƳǇƭŜǘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ Ƙƻǿ ǘƻ ƻŎŎǳǊ ǘƘŜ ǳƴƛǘ 
ŎƻƳƳƛǘƳŜƴǘ ŀƴŘ ŜŎƻƴƻƳƛŎ ŘƛǎǇŀǘŎƘΦ ¢ƻ Řƻ ǘƘƛǎΣ ƴŜǿ ƳŜǘǊƛŎǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ƘŀǾŜ ŜǾƻƭǾŜŘ ŦǊƻƳ ǳǎƛƴƎ 
ŜȄƛǎǘƛƴƎ ƻǊ ǎƛƳǳƭŀǘŜŘ ǇǊƻŘǳŎǘƛƻƴ ǎƛƳǳƭŀǘƛƻƴ ǘƻƻƭǎ ǘƻ ŜǾŀƭǳŀǘŜ ŦƭŜȄƛōƛƭƛǘȅΦ 

o E3 REFLEXxv, production simulation model designed to identify operational flexibility needs 
in the presence of a strong penetration of renewable energy by capturing the real-world 
constraints on operational flexibility to evaluate investments in flexible resources. The tool 
determines the availability of resources using conventional production simulation tools and 
present a large number of 3-day scenarios simulated, energy and reserve violations tracked. 
The shapes are determined to be used with tools based on flexibility required with penalties 
for not meeting energy or reserve; 

o IRRExvi, the insufficient ramping resource expectation (IRRE) is a probabilistic method of 
assessing the frequency of flexibility deficits. The metric defined by this method is dependent 
on the result of the production cost modelling that determines the dispatch level of each 
resource during a study period. Depending on the dispatch level, resource parameters and 
availability, a distribution of the flexibility available in the system can be determined. This 
can then be used to determine the probability of encountering ramp load events throughout 
the year. When these probabilities are aggregated into an expected value, the result is a 
metric for the overall flexibility of the system. This metric can be applied to ramping in the 
up and down directions and for a range of time horizons so that distinct flexibility issues can 
be identified. 

¢ƘŜ ƳŀǊƪŜǘ ŦƻǊ ƎǊƛŘ ŦƭŜȄƛōƛƭƛǘȅ ǎŜǊǾƛŎŜǎ ƛǎ ƛƴ ŀ ǇƘŀǎŜ ƻŦ Ŏƻƴǎǘŀƴǘ ƎǊƻǿǘƘ ƛƴ ŀƭƭ ƻŦ 9ǳǊƻǇŜ ǘƘŀƴƪǎ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ 
ǊŜƴŜǿŀōƭŜǎ ōŜŎƻƳŜ ŀƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ƭŀǊƎŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ǇƻǊǘŦƻƭƛƻΦ ! ƭŀǊƎŜ ƎŜƴŜǊŀǘƻǊ Ŏŀƴ 
ǇǊƻǾƛŘŜ ƎǊƛŘ ǎŜǊǾƛŎŜǎ ŀƴŘ ƛƳǇǊƻǾŜ ƴŜǘǿƻǊƪ ŦƭŜȄƛōƛƭƛǘȅ ōȅ ƎǊƻǳǇƛƴƎ ǎǘƻǊŀƎŜ ǿƛǘƘ ǊŜƴŜǿŀōƭŜǎΦ Lǎƻƭŀǘƛƻƴ ŦǊƻƳ ǘƘŜ 
ƎǊƛŘΣ ŀƎƎǊŜƎŀǘƛƻƴ ƻŦ ŘŜƳŀƴŘ ŀƴŘ ƭƻŎŀƭ ǇǊƻŘǳŎǘƛƻƴ ǘƻ ōŀƭŀƴŎŜ ǘƘŜ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ƻŦ ŀ ŎƻƳƳǳƴƛǘȅΣ 
ƛƴŘǳǎǘǊƛŀƭ ǇŀǊƪΣ Ŏƛǘȅ ƻǊ ŀƴȅ ǘȅǇŜ ƻŦ ϦƛǎƭŀƴŘϦ ǊŜǎǳƭǘ ƛƴ ǊŜŘǳŎŜŘ Ǿƻƭŀǘƛƭƛǘȅ ŀƴŘ ǾƻƭǳƳŜ ƻŦ ŘŜƳŀƴŘ ǘƘŀǘ ǊŜŀŎƘŜǎ ǘƘŜ 
ƴŜǘǿƻǊƪΦ !ǘ ǘƘŜ Ǉƻƛƴǘ ƻŦ ŘŜƳŀƴŘΣ ǎǘƻǊŀƎŜ ōŜƘƛƴŘ ǘƘŜ ƳŜǘŜǊΣ ŘŜƳŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ƳŀƴŀƎŜŘ ŎƘŀǊƎƛƴƎ 
Ŏŀƴ ǊŜŘǳŎŜ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ŀƴŘ ŜƴŜǊƎȅ ǊŜǉǳƛǊŜŘ ōȅ ǘƘŜ ƎǊƛŘΣ ǇǊƻǾƛŘƛƴƎ ƭƻŎŀƭ ǎƳŀƭƭπǎŎŀƭŜ ōŀŎƪπǳǇ ŎŀǇŀōƛƭƛǘƛŜǎ 
ŀƴŘ ǇǊƻǾƛŘŜ ǘƘŜƴ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ǎŜǊǾƛŎŜǎ ƴŜǘǿƻǊƪ ŀƴŘ ŀǊōƛǘǊŀƎŜΣ ǊŜŎƘŀǊƎŜ ǿƘŜƴ ǇǊƛŎŜǎ ŀǊŜ ƭƻǿ 
ŀƴŘ ŘƛǎŎƘŀǊƎŜ ǿƘŜƴ ǇǊƛŎŜǎ ŀǊŜ ƘƛƎƘΦ /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŎƻƴǘƛƴǳŜŘ ƎǊƻǿǘƘ ƛƴ ǘƘŜ ǎǇǊŜŀŘ ƻŦ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎΣ ǘƘŜ 
ƎǊƛŘ ǎŜǊǾƛŎŜǎ ǿƛƭƭ ōŜ ǇǊƻǾƛŘŜŘ ƛƴŎǊŜŀǎƛƴƎƭȅ ŀƭǎƻ ōȅ ǾŜƘƛŎƭŜǎΦ 

Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ǇŜŜǊπǘƻπǇŜŜǊ όtнtύ ŜƴŜǊƎȅ ǘǊŀŘƛƴƎ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŘƛǊŜŎǘ ǘǊŀŘŜ ƻŦ ŜƴŜǊƎȅ ōŜǘǿŜŜƴ ǇŜŜǊǎΣ ǿƘŜǊŜ 
ǘƘŜ ŜƴŜǊƎȅ ŦǊƻƳ ŘƛǎǘǊƛōǳǘŜŘ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ό59wύ ƛƴ ƘƻƳŜǎΣ ƻŦŦƛŎŜǎΣ ŦŀŎǘƻǊƛŜǎΣ ŜǘŎΦ ƛǎ ŜȄŎƘŀƴƎŜŘ ōŜǘǿŜŜƴ 
ƭƻŎŀƭ ŜƴŜǊƎȅ ǇǊƻǎǳƳŜǊǎ ŀƴŘ ŎƻƴǎǳƳŜǊǎΦ {ǘǊŀǘŜƎƛŎ ōƛŘŘƛƴƎ ōŜƘŀǾƛƻǳǊ ƻŦ ŜƴŜǊƎȅ ŎƻƴǎǳƳŜǊǎ ŀƴŘ ǎƳŀƭƭπǎŎŀƭŜ 
ǇǊƻǎǳƳŜǊǎ ƛƴ tнt ŜƴŜǊƎȅ ǘǊŀŘƛƴƎ ƛǎ Ƴŀƛƴƭȅ ōŀǎŜŘ ƻƴ ǘƘŜ ǇƭŀƴƴƛƴƎ ƻŦ ŦƭŜȄƛōƭŜ ŘŜƳŀƴŘ ŀƴŘ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎΣ ƛŦ 
ƎŜƴŜǊŀǘƛƻƴ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ōȅ ǘƘŜ ǳƴŎƻƴǘǊƻƭƭŀōƭŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΦ ¢ƘŜ ƎŜƴŜǊŀǘƛƻƴǎ ŘƛǎǘǊƛōǳǘŜŘ ōȅ ƛƴǘŜǊƳƛǘǘŜƴǘ 
ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ Ŏŀƴ ōŜ ƳŀƴŀƎŜŘ ǘƘǊƻǳƎƘ ŘƛǎŎƻƴƴŜŎǘƛƻƴ κ ǊŜŎƻƴƴŜŎǘƛƻƴ ƻǊ ŘŜπǊŀǘƛƴƎ ƻŦ ǘƘŜ ƳŀȄƛƳǳƳ 
ǇƻǿŜǊǎ ŦƻǊ ŜƴŜǊƎȅ ǘǊŀŘƛƴƎ ǇǳǊǇƻǎŜǎΦ ¢ƘŜ ŦƭŜȄƛōƭŜ ŘŜƳŀƴŘ Ƴǳǎǘ ōŜ ǎŎƘŜŘǳƭŜŘ ǿƛǘƘƻǳǘ ǎŀŎǊƛŦƛŎƛƴƎ ŀƴȅ 
ǎŀǘƛǎŦŀŎǘƛƻƴ ƻŦ ŜƴŘ ǳǎŜǊǎΣ ŀǎ ŎƻƳǇǊƻƳƛǎƛƴƎ ŜƴŘπǳǎŜǊ ǎŀǘƛǎŦŀŎǘƛƻƴ Ŏŀƴ ŀƭǎƻ ƭŜŀŘ ǘƻ ƎǊŜŀǘŜǊ ŦƭŜȄƛōƛƭƛǘȅ ŦƻǊ ǇƭŀƴƴƛƴƎΣ 
ōǳǘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ǊŜǎǳƭǘƛƴƎ ƛƴ ŀ ƘƛƎƘŜǊ ǎƻŎƛŀƭ ŎƻǎǘΦ ¢Ƙƛǎ ƛƴǾƻƭǾŜǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀƴ ƛƴǘŜǊƳŜŘƛŀǊȅ ǎǳŎƘ ŀǎ ǘƘŜ 
ŀƎƎǊŜƎŀǘƻǊ ƻŦ ǿƘƛŎƘ ǘƘŜ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ǘƘŜ ƳŀǊƪŜǘ ƛǎ ǿƛŘŜƭȅ ŀŎƪƴƻǿƭŜŘƎŜŘ ŀǎ ŀ ƪŜȅ ŦŀŎǘƻǊ ƛƴ ƛƴƛǘƛŀǘƛƴƎ 
ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ŘŜƳŀƴŘ ƛƴ ǘŜǊƳǎ ƻŦ ŦƭŜȄƛōƛƭƛǘȅΦ ! tнt ŀǇǇǊƻŀŎƘΣ ǊŜǎǇŜŎǘ ǘƻ ŀ ǘǊŀŘƛǘƛƻƴŀƭ ƻƴŜΣ ƎƛǾŜ ǘƘŜ 
ŀŘǾŀƴǘŀƎŜǎ ƛƴ ǘŜǊƳǎ ƻŦ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ŦƭŜȄƛōƛƭƛǘȅ ƻǇǘƛƳƛȊŀǘƛƻƴ ŀǘ ǘƘŜ ƭŜǾŜƭ ƻŦ ƳƛŎǊƻƎǊƛŘ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ 
ƛƴŘƛǾƛŘǳŀƭ ǇǊƻǎǳƳŜǊǎΦ aƻǊŜƻǾŜǊΣ ǿƛǘƘ tнt ŀǇǇǊƻŀŎƘ ŜŀŎƘ ƳƛŎǊƻƎǊƛŘ ƻǇǘƛƳƛȊŜǎ ƛǘǎ ǊŜǎŜǊǾŜ ǎǳǇǇƭȅΣ ƴƻǘ ƻƴƭȅ ǿƛǘƘ 
ƛǘǎ ƻǿƴ ǊŜǎƻǳǊŎŜǎ ōǳǘ ŀƭǎƻ ǿƛǘƘ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ƳƛŎǊƻƎǊƛŘǎ ƛƴ ǘƘŜ ŎŜƭƭΣ ōǊƛƴƎƛƴƎ ƻǳǘ ƳƻǊŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ƛƴ 
ǘƘŜ ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘ ōȅ ƭƻǿŜǊƛƴƎ ŎƻǎǘǎΦ tнt ŜƴŜǊƎȅ ǘǊŀŘƛƴƎ ƛǎ ŀ ƳŀƧƻǊ ƛŘŜƴǘƛŦƛŜŘ ǳǎŜπŎŀǎŜ ƛƴ ǘƘŜ Ŝ5w9!a 
ǇǊƻƧŜŎǘ ŀƴŘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ŀ ǇǊƻƧŜŎǘ ǳǎŜπŎŀǎŜ ƛƴ 5ŜƭƛǾŜǊŀōƭŜ нΦнΥ ¦ǎŜ ŎŀǎŜ !ƴŀƭȅǎƛǎ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴ ǎŎŜƴŀǊƛƻǎ 
ŘŜǎŎǊƛǇǘƛƻƴ ±мΣ /ƘŀǇǘŜǊ оΦоΦнΦ 
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3 Techniques and Approaches for Energy Consumption Baseline 
Flexibility Estimation 

 

¢ƘŜ ōŀǎŜƭƛƴŜ ŦƻǊŜŎŀǎǘƛƴƎ ŀǊŜ ŀ ŎŜƴǘǊŀƭ ǇŀǊǘ ƛƴ ŀƭƭ 5w ǇǊƻƎǊŀƳΣ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ŎƻƴǘǊƻƭ ƻƴŜ ǾŀǊƛŀōƭŜ ƛŦ ǘƘƛǎ ǾŀǊƛŀōƭŜ 
ƛǎ ƴƻǘ ƳŜŀǎǳǊŀōƭŜΣ ǘƘŜǊŜ ŀǊŜ ƴǳƳŜǊƻǳǎ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǘƻ ƳŀƪŜ ŀ ŦƻǊŜŎŀǎǘƛƴƎ ōŀǎŜƭƛƴŜΣ ŀƴȅƻƴŜ ǳǎŜ ŘƛŦŦŜǊŜƴǘ 
ŘŀǘŀΣ ŀƴŘ ŘƛŦŦŜǊŜƴǘ ǇǊƻŎŜŘǳǊŜΣ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƛǎ ǘƘŜ ƘƻǊƛȊƻƴΦ {ǘŀǊǘƛƴƎ ŦǊƻƳ ǘƘŜ 
ƘƻǊƛȊƻƴΣ ȅƻǳ Ŏŀƴ ƳŀƪŜ ǇǊŜπƻǊŘŜǊǎ ƻŦ ŀ ŦŜǿ ƘƻǳǊǎΣ ƳƛƴǳǘŜǎ ƻǊ ŜǾŜƴ ǿŜŜƪǎΣ ŀƴŘ ǘƘŜƴ ǳǎŜ ǘƘŜǎŜ ǇǊŜŎƻƴŘƛǘƛƻƴǎ 
ǎƻ ǘƘŀǘ ǘƘŜ ǎȅǎǘŜƳ ŀƴŘ ǘƘŜ ƎǊƛŘ ŀǊŜ ǇǊŜǇŀǊŜŘΣ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴǎ ǿƛǘƘ ŀ ƭŀǊƎŜǊ ƘƻǊƛȊƻƴ ƎƛǾŜ ŀ ƭƻƴƎŜǊ ǊŜǎǇƻƴǎŜ 
ǘƛƳŜΣ ōǳǘ ǘƘŜȅ ŀǊŜ ƳƻǊŜ ǊƛƎƛŘΣ ǇǊŜŘƛŎǘƛƻƴǎ ǿƛǘƘ ŀ ǎƘƻǊǘŜǊ ƘƻǊƛȊƻƴ ƎƛǾŜ ǎƳŀƭƭ ǊŜǎǇƻƴǎŜ ǘƛƳŜǎ ōǳǘ ƎƛǾŜ ƎǊŜŀǘ 
ŦƭŜȄƛōƛƭƛǘȅ ǘƻ ǘƘŜ ǎȅǎǘŜƳΣ ŀƴŘ ŀ ƳǳŎƘ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǘƛƻƴΦ ¢ƘŜ ōŜǎǘ ŦƻǊ ŀ 5w ǇǊƻƧŜŎǘ ƛǎ ǘƻ ǳǎŜ ƳƻǊŜ ǘƘŀƴ 
ƻƴŜ ǘȅǇŜ ƻŦ ōŀǎŜƭƛƴŜΣ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ƘƻǊƛȊƻƴǎ ǘŀƪƛƴƎ ǘƘŜ ōŜǎǘ ǉǳŀƭƛǘƛŜǎ ŦǊƻƳ ōƻǘƘΦ Lƴ Ŝ5w9!a ǘƘŜ ōŀǎŜƭƛƴŜ 
ŦƻǊŜŎŀǎǘƛƴƎ ƳƻŘŜƭǎΣ Ŧƻƭƭƻǿ ǘƘŜ ōŀǎŜƭƛƴŜ ŦƻǊŜŎŀǎǘƛƴƎ ǇŀǘǘŜǊƴ ǳǎŜŘ ƛƴ 9b9w/hb (EnerNOC Utility Solutions, 

2013)Υ 

- .ŀǎŜƭƛƴŜ ǘȅǇŜ LΥ ǳǎŜ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ƭƻŀŘ Řŀǘŀ ŀƴŘ Ƴŀȅ ŀƭǎƻ ǳǎŜ ǿŜŀǘƘŜǊ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ǇǊƻŦƛƭŜ ōŀǎŜƭƛƴŜ 
ǘƘŀǘ ǳǎǳŀƭƭȅ ŦƻǊŜŎŀǎǘƛƴƎ ŀƴȅ ƘƻǳǊΦ ¢Ƙƛǎ ƛǎ ǘƘŜ Ƴƻǎǘ ǘȅǇƛŎŀƭ ōŀǎŜƭƛƴŜΣ ŀƴŘ ƎƛǾŜǎ ǾŜǊȅ ƎƻƻŘ ǊŜǎǳƭǘǎ ƛƴ 
ǇƭŀŎŜǎ ǿƘŜǊŜ ǘƘŜ ŘŜƳŀƴŘ ƛǎ ǇŜǊƛƻŘƛŎΣ ŀǎ ƛƴ ƻŦŦƛŎŜǎΣ ƻǊ ǎƻƳŜ ǘȅǇŜǎ ƻŦ ŦŀŎǘƻǊȅΣ ǿƘƛŎƘ Ƴŀƛƴǘŀƛƴ ŀ ƭƻŀŘ 
ŘǳǊƛƴƎ ǘƘŜ ƘƻǳǊǎ ƻŦ ƻǇŜǊŀǘƛƻƴ ƻǊ ǳǎŜ ƻŦ ǘƘŜ ŦŀŎƛƭƛǘƛŜǎΣ ŀƴŘ ŀƴƻǘƘŜǊ ǇŀǘǘŜǊƴ ŎƻƳǇƭŜǘŜƭȅ 5ƛŦŦŜǊŜƴǘΣ ǿƘŜƴ 
ƛǘ ƛǎ ƴƻǘ ǿƻǊƪƛƴƎ ƻǊ ǳǎŜŘΣ ŀ ƎƻƻŘ ŜȄŀƳǇƭŜ ƻŦ ǘƘƛǎ ǘȅǇŜ ƻŦ ōǳƛƭŘƛƴƎǎ ŀǊŜ ǘƘŜ ƻŦŦƛŎŜ ōǳƛƭŘƛƴƎǎΣ ƛƴ ǘƘŜƛǊ 
ƭƻŀŘ ǘƘŜȅ Ŏŀƴ ǎŜŜ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ǿƻǊƪƛƴƎ ŘŀȅΣ ǘƘŜ ŜƴŘ ŀƴŘ Ŏŀƴ ōŜ ŘƛŦŦŜǊŜƴǘ ǘƘŜ ǿƻǊƪƛƴƎ Řŀȅǎ ƻŦ 
ǘƘŜ ƴƻƴπǿƻǊƪƛƴƎ ŘŀȅǎΦ !ƴ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊ ǘƘŀǘ ŀŦŦŜŎǘǎ ǘƘŜ ƭƻŀŘ ƻŦ ŀ ōǳƛƭŘƛƴƎ ƛǎ ǘƘŜ ǿŜŀǘƘŜǊΣ ǘƻ ƳŀƪŜ 
ŀ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǇǊŜŘƛŎǘƛƻƴ ƻŦ ǘƘŜ ƭƻŀŘΣ ǘƘŜ ōŜǎǘ ǘƘƛƴƎ ƛǎ ǘƻ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǿŜŀǘƘŜǊΦ CƻǊ ŜȄŀƳǇƭŜΣ 
ǘƘŜ ǎǳƳƳŜǊ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ƴƻǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǿƛƴǘŜǊ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ŀƭǎƻ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ Ƴŀȅ ǾŀǊȅ 
ōŜǘǿŜŜƴ ŎƻƭŘŜǊ ŀƴŘ ǿŀǊƳŜǊ ƻƴŜǎΦ 

- .ŀǎŜƭƛƴŜ ƳŜǘŜǊ .ŜŦƻǊŜπ!ŦǘŜǊΥ ōŀǎŜƭƛƴŜ ƛǎ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ ƻƴƭȅ ŀŎǘǳŀƭ ƭƻŀŘ Řŀǘŀ ŦǊƻƳ ŀ ǘƛƳŜ ǇŜǊƛƻŘ 
ŘƛǊŜŎǘƭȅ ǇǊŜŎŜŘƛƴƎ ŀƴ ŜǾŜƴǘΦ ¢Ƙƛǎ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŦƭŜȄƛōƭŜΣ ōŜŎŀǳǎŜ ƴƻǘ ƻƴƭȅ ǳǎŜǎ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ 
ŀƭǎƻ ǳǎŜǎ ǘƘŜ ŎǳǊǊŜƴǘ ƭƻŀŘ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ƴŜȄǘΣ ƛƴ ǘƘŜǎŜ ŎŀǎŜǎΣ ǘƘŜ ƘƻǊƛȊƻƴΣ ƛƴ ǘƘƛǎ ŎŀǎŜΣ ǿƛƭƭ ōŜ ǎŜǘ ōȅ 
ǘƘŜ {ȅǎǘŜƳΣ ŀƴŘ ǘƘŜ ǊŜǎǇƻƴǎŜ ǎǇŜŜŘ ƻŦ ǘƘŜ ƎǊƛŘΣ ƛƴ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎΣ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƘŜ 
ŘŜƳŀƴŘ ƛƴ ǘƘŜ ƴŜȄǘ ƛƴǎǘŀƴǘ ŀƴŘ ǘƘŜ ƎǊƛŘ ǊŜǎǇƻƴŘǎ ƛƴ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘƛǎ ǇǊŜŘƛŎǘƛƻƴΣ ŦƻǊ ǘƘŜ Ŝ5w9!a 
tǊƻƧŜŎǘ ǘƘƛǎ ǘȅǇŜ ƻŦ ōŀǎŜƭƛƴŜ ƛǎ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘΦ {ƛƴŎŜ ƛǘ ŀƭƭƻǿǎ ǘƻ ƳŀƪŜ ǘƘŜ ŎƻƴǘǊŀŎǘǎ ƛƴǘŀŎǘΣ ŀǘ ŀ 
ƎƛǾŜƴ ƳƻƳŜƴǘ ƛǘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ǘƘŜ ŘŜƳŀƴŘ ŀƴŘ ƴŜȄǘ ƳƻƳŜƴǘ ŀƴŘ ƛƴ ǘǳǊƴ ŀ ŎƻƴǘǊŀŎǘ ƛǎ ƳŀŘŜ ǿƛǘƘ ǘƘŜ 
ǇǊƻŘǳŎŜǊǎ ǘƘŀǘ ǿƛƭƭ ǎǳǇǇƭȅ ǘƘŀǘ ŜƴŜǊƎȅΣ ƛƴ ǘƘŜ ŎŀǎŜ ǘƘŀǘ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ƛǎ ŜǊǊƻƴŜƻǳǎΣ ǘƘŜ ŎƻƴǘǊŀŎǘ ǿƛƭƭ 
ōŜ ǳƴŦǳƭŦƛƭƭŜŘΣ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ōƛƭƭΦ 

- .ŀǎŜƭƛƴŜ ǘȅǇŜ LLΥ ǎǘŀǘƛǎǘƛŎŀƭ ǎŀƳǇƭƛƴƎ ƎŜƴŜǊŀǘŜǎ ŀ ōŀǎŜƭƛƴŜ ŦƻǊ ŀ ǇƻǊǘŦƻƭƛƻ ƻŦ ŎǳǎǘƻƳŜǊǎΣ ǘƘƛǎ ǘȅǇŜ ƻŦ 
ōŀǎŜƭƛƴŜ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǳƴǇǊŜŘƛŎǘŀōƭŜΣ ōŜŎŀǳǎŜ ƛǘ ŘƻŜǎ ƴƻǘ ǿƻǊƪ ǿƛǘƘ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ƻŦ ǘƘŜ 
ōǳƛƭŘƛƴƎΣ ƛƴǎǘŜŀŘ ƻŦ ǘƘƛǎ ǿƻǊƪ ǿƛǘƘ ǘƘŜ Řŀǘŀ ƻŦ ƻǘƘŜǊ ōǳƛƭŘƛƴƎǎ ǿƛǘƘ ǎƛƳƛƭŀǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ǎŜŜƴ 
ŦǳƴŎǘƛƻƴ ƻŦ ǘƘƛǎ ǇǊŜŘƛŎǘǎ ǘƘŜ ŜƭŜŎǘǊƛŎŀƭ ƭƻŀŘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ƘŀǾŜ ǘƘŜ Řŀǘŀ ƻŦ ŀƴ ƻŦŦƛŎŜǎ ōǳƛƭŘƛƴƎΣ ƛǘ 
ŎƻǳƭŘ ōŜ ǎŀƛŘ ǘƘŀǘ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ŀƴƻǘƘŜǊ ƻŦŦƛŎŜ ōǳƛƭŘƛƴƎ ƻŦ ǘƘŜ ǎŀƳŜ ŘƛƳŜƴǎƛƻƴǎ ǿƛǘƘ ǘƘŜ ǎŀƳŜ 
ŀƳƻǳƴǘ ƻŦ ǿƻǊƪŜǊǎΣ ƭƻŎŀǘŜŘ ƛƴ ǇƭŀŎŜǎ ǿƛǘƘ ǎƛƳƛƭŀǊ ŎƭƛƳŀǘƛŎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ǿƛƭƭ ƘŀǾŜ ǎƛƳƛƭŀǊ ōŀǎŜƭƛƴŜǎΣ 
ǘƘƛǎ ƛǎ ŀ ǾŜǊȅ ǳǎŜŦǳƭ ǘƻƻƭ ǘƘŜ ŎŀǎŜ ƻŦ ƴƻǘ ƘŀǾƛƴƎ ŀŎŎŜǎǎ ǘƻ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ 

- .ŀǎŜƭƛƴŜ ƎŜƴŜǊŀǘƛƻƴΥ ōŀǎŜƭƛƴŜ ƛǎ ǎŜǘ ŀǎ ȊŜǊƻ ŀƴŘ ƳŜŀǎǳǊŜŘ ŀƎŀƛƴǎǘ ǳǎŀƎŜ ǊŜŀŘƛƴƎǎΣ ǘƘƛǎ ǘȅǇŜ ƻŦ 
ōŀǎŜƭƛƴŜ ƛǎ ƻƴƭȅ ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘ ƻƴπǎƛǘŜ ƎŜƴŜǊŀǘƛƻƴ (EnerNOC Utility Solutions, 2013) 

- .ŀǎŜƭƛƴŜ ōŀǎŜƭƻŀŘΥ όŀƭǎƻ ƪƴƻǿƴ tWa ōŀǎŜƭƛƴŜύ ¢Ƙƛǎ ƳƻŘŜƭ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ 
tWa ƎǊƛŘ ŦƻǊ ǘƘŀǘ ǊŜŀǎƻƴ ƛǘ ƛǎ ƪƴƻǿƴ ōȅ ǘƘŀǘ ƴŀƳŜΣ ŀƴŘ ƛǎ ōŀǎŜŘ ƻƴ ƳŀƛƴǘŀƛƴƛƴƎ ŀ Ŧƭŀǘ ōŀǎŜƭƛƴŜ ƭŜǾŜƭΣ 
ŀƴŘ ŀƭǿŀȅǎ ƪŜŜǇƛƴƎ ǘƘŜ ŎƭƛŜƴǘ ōŜƭƻǿ ǘƘƛǎ ƭŜǾŜƭΦ 
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3.1 Existing ISO Demand Response Products 
 

¢ƘŜǊŜ ŀǊŜ ƴǳƳŜǊƻǳǎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ōŀǎŜƭƛƴŜǎ ŦƭŜȄƛōƛƭƛǘȅ ŜǎǘƛƳŀǘƛƻƴΣ Ƴŀƴȅ ƎǊƻǳǇǎ ƛƴ 
ǊŜŎŜƴǘ ȅŜŀǊǎ ƘŀǾŜ ǎǘǳŘƛŜŘ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎŜ ǇǊŜŘƛŎǘƛƻƴ ƳƻŘŜƭǎΣ ŜŀŎƘ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǘƘŜƻǊƛŜǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ƳƻǘƛŦǎΣ 
ǎƻƳŜ ƘŀǾŜ ǿƻǊƪŜŘ ōŜǘǘŜǊ ƻǘƘŜǊǎ ǿƻǊǎŜΣ ŀƭƭ ǿƛǘƘ ŦŜŀǘǳǊŜǎΣ ŘŀǘŀΣ ŀƭƎƻǊƛǘƘƳǎΣ ǘƘŜƻǊƛŜǎΣ ǎƻƳŜ ƘŀǾŜ ōŜŜƴ 
ƛƳǇǊƻǾŜŘΣ ŀƴŘ ǿƛǘƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ /ƻƳǇǳǘŜǊǎ ŀǊŜ ōŜŎƻƳƛƴƎ ŜŀǎƛŜǊ ǘƻ ǘǊŀƴǎƳƛǘ ƛƴŦƻǊƳŀǘƛƻƴΦ ¢Ƙƛǎ ŀǊǘƛŎƭŜ 
ǇǊŜǎŜƴǘǎ ǎƻƳŜ ŎŀǎŜ ǎǘǳŘƛŜǎ ǘƘŀǘ ǎƘƻǿ ŘƛŦŦŜǊŜƴǘ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ŀǇǇǊƻŀŎƘŜǎΣ ǘƘŜ ŎŀǎŜǎ ǘƘŀǘ ǿƛƭƭ ǎƘƻǿ ŀǊŜΣ 
/ŀƭƛŦƻǊƴƛŀ LƴŘŜǇŜƴŘŜƴǘ {ȅǎǘŜƳ ƻǇŜǊŀǘƻǊΣ tWaΣ L{h bŜǿ 9ƴƎƭŀƴŘΣ bŜǿ ¸ƻǊƪ L{hΣ 9w/h¢Σ ǘƘŜ ǊŜǾƛŜǿ ƻŦ ŀƭƭ ǘƘŜǎŜ 
ŎŀǎŜ ǎǘǳŘƛŜǎ ƎƛǾŜǎ ŀ ōŜǘǘŜǊ ŦƻŎǳǎ ƻŦ ǘƘŜ ƻōƧŜŎǘƛǾŜǎ ǘƘŀǘ ŀǊŜ ǇǳǊǎǳŜŘ ǿƛǘƘ ǘƘƛǎ tǊƻƧŜŎǘΦ  

 

3.1.1 CAISO 
 

¢ƘŜ /ŀƭƛŦƻǊƴƛŀ LƴŘŜǇŜƴŘŜƴǘ {ȅǎǘŜƳ hǇŜǊŀǘƻǊ ό/!L{hύ (Alaywan, 2000) ǎǘŀǊǘŜŘ ƻǇŜǊŀǘƛƻƴ ƻƴ оκомκмффуΣ ǿƛǘƘ 
ǘƘŜ YŜȅ ŘǊƛǾŜ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ {ƛǘǳŀǘƛƻƴΩǎ ŜƭŜŎǘǊƛŎŀƭ ƎǊƛŘ (Goodin, 2012)/!L{h ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŜƴǎǳǊƛƴƎ ǘƘŜ 
ǎŀŦŜǘȅ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎŀƭ ǇƻǿŜǊ ŀƴŘ ŜƴǎǳǊƛƴƎ ǘƘŀǘ ǊŜǎƻǳǊŎŜǎ ƘŀǾŜ ǘƘŜ ǎŀƳŜ 
ŀŎŎŜǎǎ ǘƻ ǘƘŜ ƳŜǎƘŜǎΦ ¢ƘŜ /ŀƭƛŦƻǊƴƛŀ ǇƻǿŜǊ ƎǊƛŘ ƳŀŘŜ ǳǇ ƻŦ ƘƛƎƘ ǾƻƭǘŀƎŜΣ рлл ƪ±Σ нол ƪ±Σ ммр ƪ±Σ тлƪ±Σ ŀƴŘ 
сл ƪ±Σ ǘƘŜ ǇƻǿŜǊ ƭƛƴŜǎ ŘŜƭƛǾŜǊǎ нсо ǘŜǊŀǿŀǘǘǎκƘƻǳǊΣ Ƙŀǎ ƳƻǊŜ ǘƘŀƴ нт Ƴƛƭƭƛƻƴ ŎǳǎǘƻƳŜǊǎ ǇŜǊ ȅŜŀǊΣ ƛƴ ŀŘŘƛǘƛƻƴΣ 
ǘƘŜ ƎǊƛŘ ǘŀƪŜǎ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ ǊƻǳǘƛƴƎ ŦǊƻƳ ƻǘƘŜǊ ƎǊƛŘǎΣ /ŀƭƛŦƻǊƴƛŀ ƛǎ ŀƴ ƛƳǇƻǊǘŜǊ ƻŦ ŜƴŜǊƎȅΣ нл҈ ƻŦ ƛǘǎ ŜƴŜǊƎȅ 
ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƴŜƛƎƘōƻǳǊƛƴƎ ǎǘŀǘŜǎΦ ¢ƘŜ ƳŜǘƘƻŘ ǘƘŀǘ /!L{h ǳǎŜǎ ŀƭƭƻǿǎ ǘƘŜƳ ǘƻ ŦƻǊŜŎŀǎǘΣ ƛƴ ǎǳŎƘ ŀ ǿŀȅΣ 
ǘƘŜȅ ƪƴƻǿ ǿƛǘƘ ŀ Řŀȅ ƻŦ ŀƴǘƛŎƛǇŀǘƛƻƴ ǿƘŀǘ ǘƘŜ ŜƭŜŎǘǊƛŎŀƭ ŘŜƳŀƴŘ ǿƛƭƭ ōŜ ŀƴŘ ǘƘŜƴ ǘƘŜȅ ŎƻƴǘǊƻƭ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ 
ŀƴŘ ǘƘŜ ŜƴŜǊƎȅ ŜȄŎƘŀƴƎŜ ǿƛǘƘ ǘƘŜ ƴŜƛƎƘōƻǳǊƛƴƎ ǎǘŀǘŜǎ ǘƻ ƳŀǘŎƘ ƛǘ ǿƛǘƘ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴΦ tŜǊŦƻǊƳƛƴƎ ǘƘƛǎ 
ŦƻǊŜŎŀǎǘƛƴƎ ƛǎ ƴƻǘ Ŝŀǎȅ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ L{h ƛǎ ǘƘŜ ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ L{h ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀŦǘŜǊ 
tWaΣ ƴƻƴŜǘƘŜƭŜǎǎΣ tWa ŜȄƛǎǘǎ ƛƴ ǎŜǾŜǊŀƭ ǎǘŀǘŜǎΣ ōŜŎŀǳǎŜ ȅƻǳ ŎƻǳƭŘ ǎŀȅ ǘƘŀǘ ǘƘŜ /!L{h ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ L{h ƛƴ ŀƴȅ 
ǎǘŀǘŜΣ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ ¢ƘǳǎΣ /!L{hΩǎ ǿƘƻƭŜǎŀƭŜ ŜƴŜǊƎȅ ƳŀǊƪŜǘ ƛƴŎƻǊǇƻǊŀǘŜǎ ǘǿƻ ǘȅǇŜǎ ƻŦ ƳŀǊƪŜǘǎΣ ƻƴŜ 
that focuses on day-ahead processes and another one that focuses on real-time processes (CAISO, 2019). In 
the day-ahead market the following steps are performed sequentially (CAISO, 2019):  

(1) Run a market power mitigation test,  

(2) Establish the amount of power needed to satisfy the forecasted demand, and  

(3) Determine supplementary plants that must be prepared to generate electricity for the next day. Bids 
establish the electricity prices and the market is capable of identifying the cheapest energy to be provided to 
the consumer, by making use of the full network model.  

Also in this market, scheduling coordinators have a specific time interval in which they can transact, i.e. seven 
days before the trade date until the last day before the trade date. The real-time market, named Energy 
Imbalance Market ensures that the power is provided to its customers at the lowest cost when demanded 
through its real-time trading system, which involves running an automated auction every 5 minutes daily. 
Such an ŀǇǇǊƻŀŎƘ ŜƴŀōƭŜǎ ǘƘŜ ƳŀǊƪŜǘΩǎ ǇŀǊǘƛŎƛǇŀƴǘǎΣ ōƻǘƘ ŎƻƴǎǳƳŜǊǎ ŀƴŘ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ŎƻƳǇŀƴƛŜǎΣ ǘƻ ōǳȅ 
or sell power right before it is used. Besides providing power at lower costs, the market also supports the 
integration of renewable energy. The renewable energy is predicted daily and in case of predicting an excess, 
the energy is provided at a lower cost to other areas in which the energy would otherwise be provided at 
higher costs and from less cleaner sources. Moreover, the Energy Imbalance Market maintains ǘƘŜ ƎǊƛŘΩǎ 
reliability and stability through its ancillary services, which regulate energy up and down, or provide spinning 
and non-spinning reserves. 
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3.1.2 ISO New England 
 

L{h bŜǿ 9ƴƎƭŀƴŘ ƳŀƴŀƎŜǎ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ǎǇŀƴƴƛƴƎ /ƻƴƴŜŎǘƛŎǳǘΣ wƘƻŘŜ LǎƭŀƴŘΣ aŀǎǎŀŎƘǳǎŜǘǘǎΣ ±ŜǊƳƻƴǘΣ 
bŜǿ IŀƳǇǎƘƛǊŜΣ ŀƴŘ aŀƛƴŜΣ ŀƴŘ ǘƘŀǘ ŀŘƳƛƴƛǎǘǊŀǘŜǎ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘǎ όƛΦŜΦ 5ŀȅπ
!ƘŜŀŘ 9ƴŜǊƎȅ aŀǊƪŜǘΣ wŜŀƭπ¢ƛƳŜ 9ƴŜǊƎȅ aŀǊƪŜǘΣ CƻǊǿŀǊŘ /ŀǇŀŎƛǘȅ aŀǊƪŜǘύΦ Lƴ ǘƘŜ 5ŀȅπ!ƘŜŀŘ 9ƴŜǊƎȅ aŀǊƪŜǘ 
ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ǎƻƭŘ ƻǊ ōƻǳƎƘǘ ƻƴŜ Řŀȅ ōŜŦƻǊŜ ƛǘ ƛǎ ǳǎŜŘΣ ǿƘƛƭŜ ƛƴ ǘƘŜ wŜŀƭπ¢ƛƳŜ 9ƴŜǊƎȅ aŀǊƪŜǘ 
ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ǎƻƭŘ ƻǊ ōƻǳƎƘǘ ǊƛƎƘǘ ƛƴ ǘƘŜ Řŀȅ ƛǘ ƛǎ ǳǎŜŘ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ǘƘŀǘ ƳƛƎƘǘ ŀǇǇŜŀǊ ƛƴ ǘƘŜ Řŀȅπ
ŀƘŜŀŘ ŘŜƳŀƴŘπǊŜǎǇƻƴǎŜ ŀǊŜ ōŀƭŀƴŎŜŘ ōȅ ǘƘŜ ǊŜŀƭπǘƛƳŜ ŘŜƳŀƴŘπǊŜǎǇƻƴǎŜ (ISO New England, 2019)Φ ¢ƘŜ 
ǇŀǊǘƛŎƛǇŀƴǘǎ ƛƴ ǘƘŜ 5ŀȅπ!ƘŜŀŘ 9ƴŜǊƎȅ aŀǊƪŜǘ Ŏŀƴ ōŜ ŜƛǘƘŜǊ ǇŀƛŘ ƻǊ ǇŜƴŀƭƛȊŜŘ ǿƛǘƘ ŀ ǎǳƳ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǘƘŜ 
wŜŀƭπ¢ƛƳŜ 9ƴŜǊƎȅ aŀǊƪŜǘ ƛƴ ŎŀǎŜ ƻŦ ǊŜŀƭπǘƛƳŜ ŘŜƳŀƴŘ ƻǊ ƎŜƴŜǊŀǘƛƻƴ ǘƘŀǘ ƛǎ ƴƻǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƻƴŜ 
ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǘƘŜ ŘŀȅπŀƘŜŀŘ (ISO New England, 2019)Φ ¢ƘŜ ŀƛƳ ƻŦ ǘƘŜ CƻǊǿŀǊŘ /ŀǇŀŎƛǘȅ aŀǊƪŜǘ ƛǎ ǘƻ ŜƴǎǳǊŜ 
ǘƘŜ ƭƻƴƎπǘŜǊƳ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ōȅ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ƳŀǊƪŜǘΩǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŀǘ ŎƻƳƳƛǘ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ 
ŘŜƳŀƴŘ ŦƻǊŜŎŀǎǘŜŘ ƻƴ ǘƘŜ ƴŜȄǘ ǘƘǊŜŜ ȅŜŀǊǎΦ L{h bŜǿ 9ƴƎƭŀƴŘ ŀƭǎƻ ǇǊƻǾƛŘŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎ ǘƻ 
ŜƴǎǳǊŜ ǘƘŜ ǎƘƻǊǘπǘŜǊƳ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ (ISO New England, 2019)Υ  

όмύ wŜƎǳƭŀǘƛƻƴ aŀǊƪŜǘ ς ǎŜƭŜŎǘǎ ŀƴŘ ŎƻƳǇŜƴǎŀǘŜǎ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŀǘ ǊŜǎǇƻƴŘ ǘƻ L{hΩǎ ǊŜǉǳŜǎǘǎ ŦƻǊ ƻǳǘǇǳǘ 
ƛƴŎǊŜŀǎŜκŘŜŎǊŜŀǎŜ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ƎǊƛŘΩǎ ŦǊŜǉǳŜƴŎȅ ƛǎ ƪŜǇǘ ŀǘ ŀǊƻǳƴŘ сл ƘŜǊǘȊ  

όнύ CƻǊǿŀǊŘ wŜǎŜǊǾŜ aŀǊƪŜǘ ς ŎƻƳǇŜƴǎŀǘŜǎ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŀǘ Ŏŀƴ ǊŜǎǇƻƴŘ ǿƛǘƘ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ŎŀǎŜ ƻŦ ŀƴ 
ǳƴŜȄǇŜŎǘŜŘ ŜǾŜƴǘΣ  

όоύ wŜŀƭπ¢ƛƳŜ wŜǎŜǊǾŜ tǊƛŎƛƴƎ ς ŎƻƳǇŜƴǎŀǘŜǎ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŀǘ Ŏŀƴ ǊŜǎǇƻƴŘ ƛƴ ǊŜŀƭπǘƛƳŜ ǘƻ L{hΩǎ ǊŜǉǳŜǎǘǎ 
ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅƛƴƎ ƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ǊŜŘǳŎƛƴƎΣ  

όпύ ±ƻƭǘŀƎŜ {ǳǇǇƻǊǘ ς ŎƻƳǇŜƴǎŀǘŜǎ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŀǘ Ŏŀƴ Ƴŀƛƴǘŀƛƴ ǘƘŜ ǾƻƭǘŀƎŜ ŎƻƴǘǊƻƭΣ  

όрύ .ƭŀŎƪ{ǘŀǊǘ /ŀǇŀōƛƭƛǘȅ ς ŎƻƳǇŜƴǎŀǘŜǎ ǇƻǿŜǊ ǇƭŀƴǘǎΣ ǿƘƛŎƘ Ŏŀƴ ƛƳƳŜŘƛŀǘŜƭȅ ǘŀƪŜ ŀŎǘƛƻƴ ƛƴ ŎŀǎŜ ƻŦ ŀ ōƭŀŎƪƻǳǘ 
ōȅ ǊŜǎǘŀǊǘƛƴƎ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳΦ  

hƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ǘƘŜ ƎǊƻǿƛƴƎ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ŜƭŜŎǘǊƛŎŀƭ ƎǊƛŘǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ƳŀǊƪŜǘǎΣ ƛǎ ǘƘŜ 
ƎǊƻǿƛƴƎ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŘ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ǘƘŜ ŘŜƳŀƴŘΣ ǘƘŜ L{h bŜǿ 9ƴƎƭŀƴŘ tǊƻƧŜŎǘ ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ ŦƻǊŜŎŀǎǘ ǘƘŜ 
ŜƭŜŎǘǊƛŎŀƭ ŘŜƳŀƴŘΣ ǳǎƛƴƎ ŀ ǇǊƻƎǊŀƳƳƛƴƎ ƛƴ ǘƘŜ ǇŀǊŀƭƭŜƭ ŎƻƳǇǳǘŜǊ ŎƭǳǎǘŜǊΣ (Ma, 2016) ōǳǘ ƴŜǾŜǊǘƘŜƭŜǎǎ ŜŀŎƘ 
ǘƛƳŜ ǘƘŜ ǎȅǎǘŜƳǎ ŀǊŜ ōƛƎƎŜǊ ŀƴŘ ƳƻǊŜ ŎƻƳǇƭŜȄΦ ¢Ƙƛǎ ƳŀƪŜǎ ǘƘŜ L¢ ǊŜǎƻǳǊŎŜǎ ƛƴǎǳŦŦƛŎƛŜƴǘΣ ŀŘŘƛǘƛƻƴŀƭƭȅ ǘƘŜǊŜ 
ŀǊŜ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ǳǎŜǊǎ ǳǎƛƴƎ ǘƘŜ ǇƭŀǘŦƻǊƳΣ ǿƘƛŎƘ ƭŜŀŘǎ ǘƻ ŀ ƭƻƴƎŜǊ ǿŀƛǘƛƴƎ ǘƛƳŜΣ ǘƘƛǎ ƭŜŀŘǎ ǘƻ ǘƘŜ 
ǇƻǎǘǇƻƴŜƳŜƴǘ ƻŦ ǎǘǳŘƛŜǎ ƻǊ ǘƘŜ ƛƴǘŜǊǊǳǇǘƛƻƴ ƻŦ ƳƛƴƻǊ ǇǊƛƻǊƛǘȅΣ ǘƘŜ ŜȄƛǎǘƛƴƎ ŎƻƳǇǳǘŜǊ ǊŜǎƻǳǊŎŜǎ Ŏŀƴƴƻǘ ƳŜŜǘ 
ǘƘŜ ƛƴǘŜǊƴŀƭ ƴŜŜŘǎ ƻŦ ǇǊƻŦƛǘŀōƭŜΦ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴ ǘƘŜ L{hπb9 ǇǊƻƧŜŎǘ Ƙŀǎ ŘŜŎƛŘŜŘ ǘƻ ŀŘƻǇǘ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƻŦ 
ǇǊƻƎǊŀƳƳƛƴƎ ƛƴ ǘƘŜ ŎƭƻǳŘ ŦƻǊ ŜƭŜŎǘǊƛŎŀƭ ǎȅǎǘŜƳǎΣ ¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ Ϧ{ƳŀǊǘ DǊƛŘ /ƭƻǳŘϦ ǿŀǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ 
(Liu, 2017)Σ ŀƴŘ ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ ƳŀƪŜ ŎƭƻǳŘ ŎƻƳǇǳǘƛƴƎ ŀŘƧǳǎǘ ǘƻ ŀǎǇŜŎǘǎ ƻŦ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ¢ƘŜ ǳǎŜ ƻŦ ŎƭƻǳŘ 
ŎƻƳǇǳǘƛƴƎ ŦƻǊ ǇƻǿŜǊ hŦŦπƭƛƴŜ ǇƭŀƴƴƛƴƎ ǎǘǳŘƛŜǎ ǎȅǎǘŜƳ ƛǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ǘƘŜ ŀƴŀƭȅǘƛŎŀƭ ƳƻŘǳƭŜǎ ƻŦ ǘƘŜ Ϧ{ƳŀǊǘ 
DǊƛŘ /ƭƻǳŘϦ ǇǊƻǇƻǎŀƭΦ 

 

3.1.3 New York ISO 
 

New York ISO is the independent system operator that manages the electric grid of New York and associated 

wholesale electricity market since 1999. The aim of New York ISO is to (New York ISO, 2018):  (1) balance the 

available power every six seconds over the 11173 miles of managed transmission lines, while adhering to 

мллл ǊŜƭƛŀōƛƭƛǘȅ ǎǘŀƴŘŀǊŘǎΣ όнύ ōŀƭŀƴŎŜ ŎƻƴǎǳƳŜǊǎΩ ǇƻǿŜǊ ŘŜƳŀƴŘ ǿƛǘƘ ǘƘŜ ŜƴŜǊƎȅ ǇǊƻŘǳŎŜǊǎΩ ƻŦŦŜǊǎ ƛƴ ŀ Ŏƻǎǘ-

effective manner by constantƭȅ ǊŜǾƛŜǿƛƴƎ ǘƘŜ ŜƴŜǊƎȅ ǇǊƻŘǳŎŜǊǎΩ ōƛŘǎΣ όоύ ǎǳǇŜǊǾƛǎŜ нпκт Ƙƻǿ ǘƘŜ ǇƻǿŜǊ ƛǎ 

delivered from generators to the utility companies that provide electricity to the 19.8 million population of 

New York, and (4) integrate renewable energy sources into the managed market which compete along with 

traditional energy sources. New York ISO implements two types of demand response programs within its 
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market (New York ISO, 2018): (1) reliability-based programs ς the Installed Capacity - Special Case Resource 

program and the Emergency Demand Response program, and (2) economic-based programs - Day-ahead 

Demand Response program and Demand-Side Ancillary Services. ¢ƘŜǎŜ ƳƻŘŜƭǎ ŦŀǾƻǳǊ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ǘƘŜ 

ƭƻŀŘ ό[ŀǿǊŜƴŎŜΣ нллнύ ¢ƘŜ ǊŜƭƛŀōƛƭƛǘȅπōŀǎŜŘ ǇǊƻƎǊŀƳǎ ŀƭƭƻǿ ǘƘŜ ŘŜƳŀƴŘ ǘƻ ōŜ ǊŜŘǳŎŜŘ ƻǊ ǊŜǎŜǊǾŀǘƛƻƴ 

ƎŜƴŜǊŀǘƻǊǎ ǘƻ ōŜ ƛƎƴƛǘŜŘ ǿƘŜƴ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ƛƴǎǳŦŦƛŎƛŜƴǘΣ ŦƻǊ ŜȄŀƳǇƭŜ ǿƘŜƴ ŀƴ ŜƳŜǊƎŜƴŎȅ ǘŀƪŜǎ ǇƭŀŎŜΦ Lƴ 

ǎǳŎƘ ǎƛǘǳŀǘƛƻƴǎΣ ǘƘǊƻǳƎƘ ǘƘŜ 9ƳŜǊƎŜƴŎȅ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ tǊƻƎǊŀƳΣ ǘƘŜ bŜǿ ¸ƻǊƪ L{h ǿƛƭƭ ƴƻǘƛŦȅ ǘƘŜ 

/ǳǊǘŀƛƭƳŜƴǘ {ŜǊǾƛŎŜ tǊƻǾƛŘŜǊǎ ǘƘŀǘ ƭƻŀŘ Ƴǳǎǘ ōŜ ǊŜŘǳŎŜŘΣ ǿƛǘƘ ŀƴ ŀƳƻǳƴǘ ŎƻƳǇǳǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 

ŎǳǎǘƻƳŜǊΩǎ ōŀǎŜƭƛƴŜ ŎƻƴǎǳƳǇǘƛƻƴ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ƭŀǎǘ ŦƛǾŜ Řŀȅǎ ǿƛǘƘƛƴ ŀ ǘƛƳŜŦǊŀƳŜ ƻŦ ǘŜƴ Řŀȅǎ ƛƴ ǿƘƛŎƘ 

ǘƘŜ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƭŜǾŜƭ ǿŀǎ ǘƘŜ ƘƛƎƘŜǎǘ ό[ŀǿǊŜƴŎŜΣ нллнύΦ ¢ƘŜ ƴƻǘƛŦƛŎŀǘƛƻƴ ƛǎ ƎƛǾŜƴ ōƻǘƘ ŀ Řŀȅ ŀƴŘ ǘǿƻ 

ƘƻǳǊǎ ōŜŦƻǊŜ ǘƘŜ ǊŜŘǳŎǘƛƻƴ Ƴǳǎǘ ōŜ ŜƴŦƻǊŎŜŘΦ ¢ƻ ŜƴŎƻǳǊŀƎŜ ǘƘŜ ƳŀǊƪŜǘΩǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŜƴŜǊƎȅ 

consumption in this situation, the market pays Curtailment Service Providers according to the achieved load 

reduction. In the case of the Installed Capacity - Special Case Resource program, the participants are obliged 

to reduce load every time the New York ISO signals a reliability event for at least four hours, and receive 

monthly a capacity payment (New York ISO, 2018). A condition that must be fulfilled by a participant to be 

accepted in the reliability-based programs is to commit to reduce the load with at least 100kW. The 

economic-based demand response programs enable participants to offer load reduction even in non-

emergency situations, when the electric grid is not stressed (New York ISO, 2018).  CƻǊ ŜȄŀƳǇƭŜΣ ǿƛǘƘƛƴ ǘƘŜ 

ŘŀȅπŀƘŜŀŘ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ǇǊƻƎǊŀƳΣ ƭƻŀŘ ǊŜŘǳŎǘƛƻƴ ƛǎ ŀǳŎǘƛƻƴŜŘ ŀƴŘ ŜǾŀƭǳŀǘŜŘ ƛƴ ǘƘŜ ŘŀȅπŀƘŜŀŘ ƳŀǊƪŜǘ 

ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ōƛŘǎ ό[ŀǿǊŜƴŎŜΣ нллнύΦ ¢ƘǳǎΣ ǘƘŜ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ƛǎ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ 

ōŀǎŜƭƛƴŜ ŦƻǊŜŎŀǎǘƛƴƎΣ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎ ŀǊŜ ƎƛǾŜƴ ŦƻǊ ǘƘƻǎŜ ǿƘƻ ŘŜŎǊŜŀǎŜ ǘƘŜƛǊ Řŀƛƭȅ ŘŜƳŀƴŘ ƛƴ ǊŜŀƭ ǘƛƳŜΣ ǿƘƛƭŜ 

ǇŜƴŀƭǘƛŜǎ ŀǊŜ ƎƛǾŜƴ ƛƴ ŎŀǎŜ ǘƘŜ ŘŜƳŀƴŘ ƛǎ ƴƻǘ ŘŜŎǊŜŀǎŜŘ ƛƴ ǊŜŀƭ ǘƛƳŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎŎƘŜŘǳƭŜŘ ƭƻŀŘ ǊŜŘǳŎǘƛƻƴΦ 

hƴŎŜ ŀ ƭƻŀŘ ǊŜŘǳŎǘƛƻƴ ƛǎ ŀŎŎŜǇǘŜŘ ŀƴŘ ǎŎƘŜŘǳƭŜŘΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘ Ƴǳǎǘ ǊŜǎǇŜŎǘ ǘƘŜ ǎŎƘŜŘǳƭŜΦ ¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ 

ƛƴ ǘƘŜ 5ŜƳŀƴŘπ{ƛŘŜ !ƴŎƛƭƭŀǊȅ {ŜǊǾƛŎŜǎ tǊƻƎǊŀƳ Ƴǳǎǘ ǊŜǎǇƻƴŘ ǿƛǘƘ ƭƻŀŘ ǊŜŘǳŎǘƛƻƴ ŀƴȅ ǘƛƳŜ ǘƘŜ bŜǿ ¸ƻǊƪ L{h 

ǊŜǉǳŜǎǘǎ ƛǘ ƛƴ ǊŜŀƭ ǘƛƳŜΦ A condition that must be fulfilled by a participant to be accepted in the economic-

based programs is to commit to be able to reduce the load with at least 1MW. 

 

3.1.4 ERCOT 
 

5w ǇǊƻƎǊŀƳǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƳŀƪŜ ŎƭƛŜƴǘǎ ŀǿŀǊŜ ŀƴŘ ǘƻ ŜƴŎƻǳǊŀƎŜ ǘƘŜƳ ǘƻ ǊŜŘǳŎŜ ǘƘŜƛǊ ŜƭŜŎǘǊƛŎ ŎƻƴǎǳƳǇǘƛƻƴΣ 
ǘƘǊƻǳƎƘ ƛƴŎŜƴǘƛǾŜǎΣ ¢ƘŜ 9ƭŜŎǘǊƛŎ wŜƭƛŀōƛƭƛǘȅ /ƻǳƴŎƛƭ ƻŦ ¢ŜȄŀǎ ό9w/h¢ύ ǎǘŀǊǘŜŘ ŀ 5w ǇǊƻƎǊŀƳ ƛƴ нлмл ǘƻ ōŜƴŜŦƛǘ 
ŎǳǎǘƻƳŜǊǎΣ ǘƘƛǎ ǇǊƻƎǊŀƳ ƛƴŎƭǳŘŜǎ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŎƭƛŜƴǘǎΣ ŀƴŘ ŦƻǊŜǎŜŜǎ ǘƘŜ ŜŦŦŜŎǘƛǾŜ ƛƴŎƻǊǇƻǊŀǘƛƻƴ 
ƻŦ ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎ ŀƴŘ ōŀǘǘŜǊƛŜǎ ǘƻ ǘƘŜ ƎǊƛŘ ǘƘŜ ǇǊƻǇƻǎŜŘ ǎŎŜƴŀǊƛƻ ǇǊŜǎŜƴǘǎ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀ ǎƻƭŀǊ 
ǇŀƴŜƭ ǎȅǎǘŜƳ ǿƛǘƘ ōŀǘǘŜǊƛŜǎΣ ƛƴ ǳǊōŀƴ ŀǊŜŀǎ ǘƘŜ ǇǊƛŎŜ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƛǎ ŘŜŎǊŜŀǎƛƴƎΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ǎƻƭŀǊ 
ǇŀƴŜƭǎΣ ǿƘƛŎƘ ŀǊŜ Ŝŀǎȅ ǘƻ ƛƴǎǘŀƭƭ ƻƴ ǘƘŜ ǊƻƻŦǎ ƻŦ ōǳƛƭŘƛƴƎǎΣ Řƻ ƴƻǘ ǇǊƻŘǳŎŜ ǎƻƴƛŎ Ǉƻƭƭǳǘƛƻƴ ƻǊ /hнΦ CƻǊ ǘƘŜǎŜ 
ǊŜŀǎƻƴǎ ǘƘŜ ǎƻƭŀǊ ŜƴŜǊƎȅ ƛǎ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ŦƻǊ ǘƘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎƛŜǎ ƛƴ ǳǊōŀƴ ŀǊŜŀǎΦ hƴ нлмлΣ 9w/h¢ ƭŀǳƴŎƘŜŘ 
ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƴƻŘŀƭ ƳŀǊƪŜǘ ǿƘŜǊŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ŎƻƴƎŜǎǘƛƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ пллл ƴƻŘŜǎ (Liu, 

2014)9w/h¢ ƳŀƴŀƎŜǎ ур҈ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ƭƻŀŘ ƛƴ ¢ŜȄŀǎΣ ǿƘŜǊŜ ǘƘŜȅ ǎŜǊǾŜ но Ƴƛƭƭƛƻƴ ŎǳǎǘƻƳŜǊǎΣ ŀƴȅ 
ƴƻŘŜ ƎƛǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ǇǊƛŎŜΣ ǘƘŜ Ŏƻǎǘ ŀǘ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ƴŜȄǘ ƳŜƎŀǿŀǘǘ ƻŦ ǇƻǿŜǊΣ ¢Ƙƛǎ ǇǊƻƧŜŎǘ ƛǎ ǾŜǊȅ 
ŀƳōƛǘƛƻǳǎ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ǘƻ ƛƴǘŜƎǊŀǘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƛƴǘƻ ŀ ƎǊƛŘ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ƳŀƪŜ 5w 
ǇǊƻƎǊŀƳǎ ŀƴŘ ƳƻŘŜǊƴƛȊŜ ǘƘŜ ƎǊƛŘ ǎƻ ǘƘŀǘ ƛǘ Ŏŀƴ ōŜ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ ŀ ǎƳŀǊǘ ƎǊƛŘΦ ¢ƘŜ Ƴŀƛƴ Ǝƻŀƭ ƻŦ 9w/h¢ ƛǎ ǘƻ 
ŜƴǎǳǊŜ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ƳŀƴŀƎŜ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ƎǊƛŘΦ  

¢Ƙƛǎ Ǝƻŀƭ ƛǎ ŀŎƘƛŜǾŜŘ ōȅ ŜƴŎƻǳǊŀƎƛƴƎ ŎǳǎǘƻƳŜǊǎ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜ ŀǎ ǾƻƭǳƴǘŜŜǊǎ ƛƴ 9w/h¢ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ό5wύ 
ǇǊƻƎǊŀƳǎΦ ¢ƻ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ŦƛƴŀƴŎƛŀƭ ōŜƴŜŦƛǘ ƻōǘŀƛƴŜŘ ōȅ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ 9w/h¢ 5w 
ǇǊƻƎǊŀƳǎΣ ό[ƛǳΣ нлмпύ ǇǊŜǎŜƴǘǎ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ǎŎŜƴŀǊƛƻǎ ƻŦ ƛƳǇƭŜƳŜƴǘƛƴƎ ǇƘƻǘƻǾƻƭǘŀƛŎ όt±ύ ǎȅǎǘŜƳǎ ŀƴŘ [ƛπ
ōŀǎŜŘ ōŀǘǘŜǊƛŜǎ ŦƻǊ ƘƻǳǎŜƘƻƭŘ ǳƴŘŜǊ ǘƘŜ 9w/h¢ϥǎ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜΦ ¢ƘŜ ŦƛǊǎǘ ǎŎŜƴŀǊƛƻ ŎƻƴǎƛŘŜǊǎ ǘƘŀǘ ƻƴƭȅ t±ǎ 
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ŀǊŜ ƛƴǎǘŀƭƭŜŘ ƛƴ ǘƘŜ ƘƻǳǎŜƘƻƭŘ ŀƴŘ ǘƘŀǘ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǿƛƭƭ ōŜ ƛƳǇƻǊǘŜŘ ŦǊƻƳ ǘƘŜ ƎǊƛŘ ǿƘŜƴ ǘƘŜ t±ǎ Ŏŀƴƴƻǘ 
ǇǊƻŘǳŎŜ ŜƴƻǳƎƘ ŜƭŜŎǘǊƛŎƛǘȅΦ ¢ƘŜ ǎŜŎƻƴŘ ǎŎŜƴŀǊƛƻ ŎƻƴǎƛŘŜǊǎ ǘƘŀǘ ƻƴƭȅ ōŀǘǘŜǊƛŜǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘ ƛƴ ǘƘŜ ƘƻǳǎŜƘƻƭŘ 
ŀƴŘ ǘƘŀǘ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǿƛƭƭ ōŜ ǎǘƻǊŜŘ ƛƴ ōŀǘǘŜǊƛŜǎ ǿƘŜƴ ǘƘŜ [ƻŎŀǘƛƻƴŀƭ aŀǊƎƛƴŀƭ tǊƛŎƛƴƎ ό[atύ ƛǎ ƭƻǿΦ ¢ƘŜ ǘƘƛǊŘ 
ǎŎŜƴŀǊƛƻ ŎƻƴǎƛŘŜǊǎ ǘƘŀǘ ōƻǘƘ t±ǎ ŀƴŘ ōŀǘǘŜǊƛŜǎ ŀǊŜ ƛƴǎǘŀƭƭŜŘ ƛƴ ǘƘŜ ƘƻǳǎŜƘƻƭŘ ŀƴŘ ǘƘŀǘ ǘƘŜ ǎǳǊǇƭǳǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ 
ƎŜƴŜǊŀǘŜŘ ōȅ t±ǎ ƛǎ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ōŀǘǘŜǊƛŜǎΦ ¢ƘŜ ǎǳǊǇƭǳǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǿƛƭƭ ōŜ ǳǎŜŘ ǿƘŜƴ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ 
ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ōŜŦƻǊŜ ƛƳǇƻǊǘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŦǊƻƳ ǘƘŜ ƎǊƛŘΦ .ŀǎŜŘ ƻƴ ǘƘŜ 
ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴΣ ƛǘ Ƙŀǎ ōŜŜƴ ƴƻǘƛŎŜŘ ǘƘŀǘ ƛƴ ǘƘŜ ŦƛǊǎǘ ǎŎŜƴŀǊƛƻ ǘƘŜ Ŏƻǎǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ Ƙŀǎ ōŜŜƴ ǊŜŘǳŎŜŘ 
ōȅ ро҈Σ ǿƘƛƭŜ ǘƘŜ ǎŜŎƻƴŘ ǎŎŜƴŀǊƛƻ ƻōǘŀƛƴŜŘ ƴƻǘ ƳǳŎƘ ǊŜŘǳŎǘƛƻƴ ƻŦ ǘƘŜ ŎƻǎǘΣ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƘƛƎƘ Ŏƻǎǘ ƻŦ ǘƘŜ 
ōŀǘǘŜǊƛŜǎΦ ¢ƘŜ ǘƘƛǊŘ ǎŎŜƴŀǊƛƻ ǇǊƻǾƛŘŜǎ ǘƘŜ ōŜǎǘ ǊŜǎǳƭǘǎ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻǎǘǎΦ 

!ƭǎƻΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀƴ 9w/h¢ ǊŜǇƻǊǘ ƛƴ нлму ό9w/h¢Σ нлмуύΣ ƛǘ ǿŀǎ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ Ŏƻŀƭ ŀƴŘ 
ƴŀǘǳǊŀƭ Ǝŀǎ ŀǎ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ Ƙŀǎ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ унΦф҈ ƛƴ нллт ǘƻ тмΦл҈ ƛƴ нлму ƛƴ ǘƘŜ 9w/h¢ ǎŜǊǾƛŎŜ 
ǘŜǊǊƛǘƻǊȅΦ ¢Ƙƛǎ ŘŜŎǊŜŀǎŜ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƛƴ нллрΣ ǘƘŜ tǳōƭƛŎ ¦ǘƛƭƛǘȅ /ƻƳƳƛǎǎƛƻƴ ƻŦ ¢ŜȄŀǎ όt¦/ύ ƛƴ 
ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ 9w/h¢ ƘŀǾŜ ŘŜŎƛŘŜŘ ǘƻ ŘŜǎƛƎƴ ŎƻƳǇŜǘƛǘƛǾŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ȊƻƴŜǎ ό/w9½ύ ǿƘƛŎƘ ƛƴǘŜƎǊŀǘŜ 
ŀǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ǘƘŜ ǎƻƭŀǊ ŜƴŜǊƎȅ ŀƴŘ ǘƘŜ ǿƛƴŘ ǘǳǊōƛƴŜǎΦ !ƭǎƻΣ ŀ ǘǊŀƴǎƳƛǎǎƛƻƴ Ǉƭŀƴ Ƙŀǎ ōŜŜƴ 
ŘŜǾŜƭƻǇŜŘΣ ōȅ ǿƘƛŎƘ ǘƘŜ ǊŜƴŜǿŀōƭŜ ǇƻǿŜǊ ƛǎ ŘŜƭƛǾŜǊŜŘ ŦǊƻƳ /w9½ ǘƻ ǘƘŜ ŎǳǎǘƻƳŜǊǎΦ ¢ƘŜ ŘŜǎƛƎƴ ƻŦ ǎǳŎƘ 
ŎƻƳǇŜǘƛǘƛǾŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ȊƻƴŜǎ ό/w9½ύ Ƙŀǎ ōŜŜƴ ƳƻǘƛǾŀǘŜŘ ōȅ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ 9w/h¢ ǊŜƎƛƻƴ Ƙŀǎ ǿƻǊƭŘπ
Ŏƭŀǎǎ ǿƛƴŘ ǊŜǎƻǳǊŎŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ƳƻƴǘƘ ƻŦ hŎǘƻōŜǊ нлмт ǊŜŎƻǊŘŜŘ ŀ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǿƛƴŘ ŜƴŜǊƎȅ 
ǊŜǇǊŜǎŜƴǘƛƴƎ рпΦл҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ƭƻŀŘ ƻŦ ǘƘŜ Ƴŀƛƴ ǇƻǿŜǊ ƎǊƛŘ ƻŦ ǘƘŜ ǎǘŀǘŜ όƻŦ ¢ŜȄŀǎύΣ ǿƘƛƭŜ ƛƴ aŀǊŎƘ 
омΣ нлму ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ǿƛƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ¢ŜȄŀǎ ǿŀǎ мсΣмпм a²Φ ¢ƘŜ ŀŘƻǇǘƛƻƴ ƻŦ ǘƘƛǎ ǎǘǊŀǘŜƎȅ ƘŀŘ ŀ 
ǇƻǎƛǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŀǾŜǊŀƎŜ ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘ ǇǊƛŎŜǎ ōȅ ǊŜŘǳŎƛƴƎ ǘƘŜ ƳŀǊƪŜǘ ǇǊƛŎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ 
ƻƴ ŀǾŜǊŀƎŜ ǘƻǿŀǊŘǎ ŀ ǾŀƭǳŜ ōŜǘǿŜŜƴ Ϸм ŀƴŘ ϷнΦрлκa²ƘΦ ¢ƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ǘƘŜ ƳŀǊƪŜǘ ǇǊƛŎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ 
ŀƭƭƻǿŜŘ ŎǳǎǘƻƳŜǊǎ ǘƻ ǎŀǾŜ ƳƻƴŜȅΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ƛƴ нлмт ǘƘŜ ƳƻƴŜȅ ǎŀǾƛƴƎ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊǎ ŘǳŜ ǘƻ ǳǎƛƴƎ 
ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǿŀǎ ƻŦ ϷуррΦф ƳƛƭƭƛƻƴΦ 

 

3.1.5 PJM 
 

¢ƘŜ tŜƴƴǎȅƭǾŀƴƛŀ ς bŜǿ WŜǊǎŜȅ ς aŀǊȅƭŀƴŘ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ όtWaύΣ ǇŀǊǘ ƻŦ ǘƘŜ 9ŀǎǘŜǊƴ LƴǘŜǊŎƻƴƴŜŎǘƛƻƴΣ ƛǎ ŀ 
ǊŜƎƛƻƴŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻǊƎŀƴƛȊŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǘƘŀǘ ŎƻƻǊŘƛƴŀǘŜǎ ǘƘŜ ǿƘƻƭŜǎŀƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǘƘŜ 
ŦƻƭƭƻǿƛƴƎ ǎǘŀǘŜǎ ŦǊƻƳ ǘƘŜ ¦{Υ 5ŜƭŀǿŀǊŜΣ LƭƭƛƴƻƛǎΣ LƴŘƛŀƴŀΣ YŜƴǘǳŎƪȅΣ aŀǊȅƭŀƴŘΣ aƛŎƘƛƎŀƴΣ bŜǿ WŜǊǎŜȅΣ bƻǊǘƘ 
/ŀǊƻƭƛƴŀΣ hƘƛƻΣ tŜƴƴǎȅƭǾŀƴƛŀΣ ¢ŜƴƴŜǎǎŜŜΣ ±ƛǊƎƛƴƛŀΣ ²Ŝǎǘ ±ƛǊƎƛƴƛŀΣ ŀƴŘ ǘƘŜ 5ƛǎǘǊƛŎǘ ƻŦ /ƻƭǳƳōƛŀΦ tWa Ƙŀǎ мллл 
ƳŜƳōŜǊǎ ǿƘƛŎƘ ǎŜǊǾŜ ср Ƴƛƭƭƛƻƴ ŎǳǎǘƻƳŜǊǎΦ Lƴ нлмсΣ tWa ǊŜǇƻǊǘŜŘ ŀ ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ƻŦ мтсΣрсф a²Σ 
унΣрпс ƳƛƭŜǎ ƻŦ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎΣ ŀƴŘ уол ǘŜǊŀǿŀǘǘ ƘƻǳǊǎ ƻŦ ŘŜƭƛǾŜǊŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ό¢²Ƙǎύ (PJM, 2016)Φ tWa 
ǇǊƻǾƛŘŜǎ ŀ ǾƻƭǳƴǘŀǊȅ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ ǇǊƻƎǊŀƳ ŦƻǊ ƛǘǎ ŎǳǎǘƻƳŜǊǎΣ ōȅ ǿƘƛŎƘ ǘƘŜ ŎǳǎǘƻƳŜǊǎ ǘƘŀǘ ŘŜŎƛŘŜ ǘƻ 
ǊŜŘǳŎŜ ǘƘŜƛǊ ŜƭŜŎǘǊƛŎƛǘȅ ƭƻŀŘ ǿƘŜƴ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ tWa ƎǊƛŘ ƛǎ ǘƘǊŜŀǘŜƴŜŘ ƻǊ ǘƘŜ ŜƴŜǊƎȅ ǇǊƛŎŜ ƛǎ ƘƛƎƘ ŀǊŜ 
ŦƛƴŀƴŎƛŀƭƭȅ ǊŜǿŀǊŘŜŘ (PJM, 2017)Φ 

tŜƴƴǎȅƭǾŀƴƛŀπbŜǿ WŜǊǎŜȅπaŀǊȅƭŀƴŘ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴΣ (Barancewicz, 2010) ƛƴ нллс ƛƴ ¦{ ƛƴǘǊƻŘǳŎŜŘ ǘƻ ǘƘŜ 
ŎƻƴŎŜǇǘ ƻŦ ǳǘƛƭƛȊƛƴƎ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ƭƻŀŘΦ ¢Ƙƛǎ ǿŀǎ ŘƻƴŜ ǿƛǘƘ ŀ ŦƛƴŀƴŎƛŀƭ ōŜƴŜŦƛǘ ǘƘǊƻǳƎƘ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ǘƘŜ ǊŜŀƭπ
ǘƛƳŜ ƻǇǘƛƻƴ ƻŦ ǘƘŜ tŜƴƴǎȅƭǾŀƴƛŀπbŜǿ WŜǊǎŜȅπaŀǊȅƭŀƴŘ LƴǘŜǊŎƻƴƴŜŎǘƛƻƴ όtWaύ ŜŎƻƴƻƳƛŎ ƭƻŀŘ ǊŜǎǇƻƴǎŜ 
ǇǊƻƎǊŀƳΦ tWa ƛǎ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƎǊƛŘ ƛƴ ǘƘŜ ¦{Σ ¢ƘŜ 5w ǇǊƻƧŜŎǘ ƛƴ ǘƘƛǎ ƎǊƛŘ Ƙŀǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ǘƘŜ 
¦{ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘΦ ŀŎŎƻǊŘƛƴƎ ǘƻ ²ŀƭŀǿŀƭƪŀǊΣ wΣ Ŝǘ ŀƭ όнллуύ (Walawalkar, 2008) ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ ǘƘŜ 5w 
ǇǊƻƎǊŀƳ ƛƴ ǘƘŜ ƎǊƛŘ tWaΣ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘΣ ōŜŎŀǳǎŜ ǘƘƛǎ ƛǎ ŀ ƭŀǊƎŜ ƎǊƛŘ ŀƴŘ ƛŦ ƛƴ ǘƘŜ ǇŜŀƪ ƘƻǳǊǎ ȅƻǳ Ŏŀƴ ǊŜŘǳŎŜ ŀ 
ōƛǘ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ǎƻƳŜǿƘŜǊŜ ƛƴ ǘƘŜ ƎǊƛŘ ǘƘƛǎ ǊŜǇǊŜǎŜƴǘǎ ŀ ŘǊƻǇ ƛƴ ǇǊƛŎŜǎ ŀƴŘ ŀƴ ƛƴŎǊŜŀǎŜ Lƴ ǊŜƭƛŀōƛƭƛǘȅ 
ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƎǊƛŘΣ ǘƘŜ w¢h όwŜƎƛƻƴŀƭ ¢ǊŀƴǎƳƛǎǎƛƻƴ hǊƎŀƴƛȊŀǘƛƻƴǎύ ƳŜǊŎƘŀƴǘǎ ŀǊŜ ǾŜǊȅ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘΣ ǘƘƛǎ 
ƳŀƪŜǎ ǘƘŜ {ȅǎǘŜƳ ǎŜƴǎƛōƭŜ ǘƻ ŀƴȅ ŘƛǎǘǳǊōŀƴŎŜΦ .ȅ ƭƻŀŘ ǊŜŘǳŎǘƛƻƴ ǇǊƻƎǊŀƳǎΣ ǘƘŜ ŎǳǎǘƻƳŜǊǎ ƘŀǾŜ ǘƘŜ 
ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƳŀƴŀƎŜ ǘƘŜ ǿŀȅ ƛƴ ǿƘƛŎƘ ǘƘŜȅ ǳǎŜ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅΣ ōŀǎŜŘ ƻƴ ǘƘŜ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ 
ǿƘƻƭŜǎŀƭŜ ƳŀǊƪŜǘ όŜΦƎΦ ǘƘŜȅ Ŏŀƴ ŘŜŎƛŘŜ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ǿƘŜƴ ǘƘŜ ǿƘƻƭŜǎŀƭŜ ǇǊƛŎŜǎ ŀǊŜ 
ƘƛƎƘ ƻǊ ǿƘŜƴ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƎǊƛŘ ƛǎ ǘƘǊŜŀǘŜƴŜŘύΦ tWa ƛƴǘŜƎǊŀǘŜǎ ŘƛŦŦŜǊŜƴǘ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜ ǘȅǇŜǎ ǎǳŎƘ ŀǎ 
ŎƻŀƭΣ ƴŀǘǳǊŀƭ Ǝŀǎ ǎǘŜŀƳΣ ƴŀǘǳǊŀƭ Ǝŀǎ ŎƻƳōǳǎǘƛƻƴ ǘǳǊōƛƴŜΣ ƻƛƭ ǎǘŜŀƳΣ ƻƛƭ ŎƻƳōǳǎǘƛƻƴ ǘǳǊōƛƴŜΣ ƴǳŎƭŜŀǊΣ ǎƻƭŀǊΣ ǿƛƴŘΣ 
ƘȅŘǊƻΣ ŀƴŘ ōŀǘǘŜǊȅκǎǘƻǊŀƎŜΦ ²ƘŜǊŜŀǎ ƛƴ нллрΣ ǘƘŜ ŎƻŀƭΣ ƴŀǘǳǊŀƭ ƎŀǎŜǎ ŀƴŘ ƴǳŎƭŜŀǊ ǊŜǎƻǳǊŎŜǎ ƎŜƴŜǊŀǘŜŘ фм҈ 
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ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƻƴ ǘƘŜ tWa ǎȅǎǘŜƳΣ ƛƴ нлмс ǘƘŜ ǇŜǊŎŜƴǘ ŘŜŎǊŜŀǎŜǎ ǘƻ уп҈ ŘǳŜ ǘƻ ǊŜƴŜǿŀōƭŜǎ ŜƴŜǊƎȅ 
ǊŜǎƻǳǊŎŜǎ ǘƘŀǘ ǿŜǊŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ tWa (PJM, 2017)Φ ¢ƘŜ ŦǳǘǳǊŜ ǎǘǊŀǘŜƎȅ ƻŦ tWa ƛǎ ǘƻ ŜȄǘŜƴǎƛǾŜƭȅ ƎǊƻǿ ǘƘŜ 
ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎΣ ǎƻ ŀǎ ǳƴǘƛƭ нлнл ǘƻ ǎŜǊǾŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нл҈ ƻŦ ǘƘŜ ƭƻŀŘ (PJM, 

2017)Φ CƻǊ ƛƴǘŜƎǊŀǘƛƴƎ ǘƘŜ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎΣ tWa ǘŀƪŜǎ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǘƘŜ 
Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ǳǎƛƴƎ I±5/ ŀǎ ŜƭŜŎǘǊƛŎ ǘǊŀƴǎƳƛǎǎƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ ¢ƻ ƳŜŀǎǳǊŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ 
I±5/ ǎȅǎǘŜƳǎ ƛƴǘƻ ǘƘŜ wŜƎƛƻƴŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻǊƎŀƴƛȊŀǘƛƻƴ όw¢hύ (J. TONG, 2015)Φ tWa ǇŜǊŦƻǊƳŜŘ ǎŜǾŜǊŀƭ 
ƳŀǊƪŜǘ ǎƛƳǳƭŀǘƛƻƴǎ ǘƘŀǘ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ŦƻǊ ŀƴƴǳŀƭ ǇŜǊƛƻŘǎ ǳǎƛƴƎ ŀƴ ƘƻǳǊƭȅ ǳƴƛǘ ŀƴŘ ŀ ŎƻƳƳƛǘƳŜƴǘ ǎƻŦǘǿŀǊŜ 
ǘƻƻƭΦ ¢ƘŜǎŜ ǎƛƳǳƭŀǘƛƻƴǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎ ǿŜǊŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǘƘŜ tWa ǎȅǎǘŜƳ 
ŦǊƻƳ ǊŜƳƻǘŜ ŀǊŜŀǎΣ ǿƘƛŎƘ ŀǊŜ ƴƻǘ ǇŀǊǘ ƻŦ ǘƘŜ w¢h ōȅ ǳǎƛƴƎ ŀƴ I±5/ ǎȅǎǘŜƳΦ ¢ƘŜ ŜǾŀƭǳŀǘƛƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ 
ōȅ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘǊŜŜ ƳŜǘǊƛŎǎ όǇǊƻŘǳŎǘƛƻƴ ŎƻǎǘǎΣ ŘŜƳŀƴŘ ŎƻǎǘǎΣ ŀƴŘ ŜƳƛǎǎƛƻƴǎ ǘƻƴǎύΣ ŀƴŘ ƛǘ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ 
I±5/ ƛǎ ŀ ǾƛŀōƭŜ ƻǇǘƛƻƴ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ǳǎƛƴƎ ŀƴ !/ ǎȅǎǘŜƳΣ ǘƘŀǘ ƛǎ ƴƻǘ ŀōƭŜ ǘƻ ƛƴǘŜƎǊŀǘŜ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ 
ǊŜƴŜǿŀōƭŜ ǊŜǎƻǳǊŎŜǎ ƻǾŜǊ ƭƻƴƎ ŘƛǎǘŀƴŎŜǎ ƛƴǘƻ tWaΦ 

 

3.2 Existing Baseline Methodologies 
 

¢ƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜǘǿƻǊƪ ƻǇŜǊŀǘƻǊǎ ŦŀŎŜ Řŀƛƭȅ ǇǊƻōƭŜƳǎ ŘǳŜ ǘƻ ǘƘŜ ƭŀŎƪ ƻǊ ŜȄŎŜǎǎ ƻŦ ŜƴŜǊƎȅ ŀƴŘ ǘƘŜ ƎǊŜŀǘ 
ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǇŜŀƪ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ōŀǎƛŎ ŎƻƴǎǳƳǇǘƛƻƴΣ ŜǾŜƴ ƳƻǊŜ ŀŦǘŜǊ ǘƘŜ ŀŘǾŜƴǘ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ 
ƎŜƴŜǊŀǘƛƻƴ ōȅ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎΣ ǿƘƻǎŜ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ƛƴǘŜǊƳƛǘǘŜƴǘ ŀƴŘ ƻŦǘŜƴ ƻŎŎǳǊǎ ƛƴ ǘƘŜ ƘƻǳǊǎ 
ǿƘŜƴ ǳǎŜǊǎ Řƻ ƴƻǘ ŎƻƴǎǳƳŜΤ ƛƴ ǘƘƛǎ ǎŎŜƴŀǊƛƻΣ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ ό5wύ Ƙŀǎ ōŜŜƴ ǿƛŘŜƭȅ ǊŜŎƻƎƴƛȊŜŘ ŀǎ ŀƴ 
ƛƳǇƻǊǘŀƴǘ ǘƻƻƭ ŦƻǊ ōŀƭŀƴŎƛƴƎ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘΦ 5w ƛƴǾƛǘŜǎ ŎǳǎǘƻƳŜǊǎ ǘƻ ǊŜŘǳŎŜΣ ƳƻǾŜ ƻǊ ǘŜƳǇƻǊŀǊƛƭȅ 
ƭƻǎŜ ǘƘŜƛǊ ŘŜƳŀƴŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǇǊƛŎŜ ǎƛƎƴŀƭǎ ƻǊ ƻǘƘŜǊ ƳŀǊƪŜǘ ƛƴŎŜƴǘƛǾŜǎ ŘǳǊƛƴƎ ǘƘŜ ŜǾŜƴǘ ǇŜǊƛƻŘΦ ¢ƻ ǘƘƛǎ ŜƴŘΣ 
ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŘŜƳŀƴŘ ǊŜŘǳŎǘƛƻƴ ƛǎ ōŜŎƻƳƛƴƎ ŀ ƳŀƧƻǊ ǇǊƻōƭŜƳ ŦƻǊ ōƻǘƘ ŜƭŜŎǘǊƛŎ ǳƴƛǘǎ ŀƴŘ ŎǳǎǘƻƳŜǊǎΣ ǎƻ 
ǘƘŜ ōŀǎŜƭƛƴŜ ŎŀƭŎǳƭŀǘƛƻƴ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ŀ 5w ǇǊƻƎǊŀƳΦ ! ōŀǎŜƭƛƴŜ ƛǎ ŀƴ ŜǎǘƛƳŀǘŜ 
ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǘƘŀǘ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ŎƻƴǎǳƳŜŘ ōȅ ŀ ǳǎŜǊ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀ 5w ŜǾŜƴǘΤ ǘƘŜ ōŀǎŜƭƛƴŜ 
ŎŀƭŎǳƭŀǘƛƻƴ Ŏŀƴ ōŜ ŘƻƴŜ ǘƘǊƻǳƎƘ ŘƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘǎΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǊŜ ǎƘƻǿƴ ōŜƭƻǿΥ Ϧ· ƻŦ ¸ϦΣ ǿŜƛƎƘǘŜŘ 
ŀǾŜǊŀƎŜΣ ǊŜƎǊŜǎǎƛƻƴΣ ŎƻƳǇŀǊŀōƭŜ Řŀȅ ŀƴŘ ōŀǎŜƭƛƴŜ ŀŘƧǳǎǘƳŜƴǘΦ 

 

3.2.1 ά· ƻŦ ¸έ 
 

¢ƘŜ Ƴƻǎǘ ǿƛŘŜƭȅ ǳǎŜŘ ōŀǎŜƭƛƴŜ ƳŜǘƘƻŘǎ ŀǊŜ ǘƘŜ ŀǾŜǊŀƎƛƴƎ ƳŜǘƘƻŘǎΣ ǿƘƛŎƘ ŎǊŜŀǘŜ ōŀǎŜƭƛƴŜǎ ōȅ ŀǾŜǊŀƎƛƴƎ 
ǊŜŎŜƴǘ ƘƛǎǘƻǊƛŎŀƭ ƭƻŀŘ Řŀǘŀ ǘƻ ōǳƛƭŘ ŜǎǘƛƳŀǘŜǎ ƻŦ ƭƻŀŘ ŦƻǊ ǎǇŜŎƛŦƛŎ ǘƛƳŜ ƛƴǘŜǊǾŀƭǎΦ !ǾŜǊŀƎƛƴƎ ƳŜǘƘƻŘǎ ŀǊŜ ƻŦǘŜƴ 
ŎŀƭƭŜŘ ά· ƻŦ ¸έ ƳŜǘƘƻŘǎΤ ƳƻǊŜ ǇǊŜŎƛǎŜƭȅΣ ǘƘŜǊŜ ŀǊŜ ǘǿƻ ǘȅǇŜǎ ƻŦ ά· ƻŦ ¸έ ƳŜǘƘƻŘǎΥ ǘƘŜ άIƛƎƘ · ƻŦ ¸έ ŀƴŘ ǘƘŜ 
άaƛŘŘƭŜ · ƻŦ ¸έ 

· ƻŦ ¸ ƳŜǘƘƻŘƻƭƻƎȅ ƛǎΣ ƛǎ ǘƘŜ Ƴƻǎǘ ōŀǎƛŎ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ƎƻƻŘ /.[Σ ¢Ƙƛǎ ƳŜǘƘƻŘ ƛǎ ǳǎŜŘ ƛƴ ƎǊƛŘǎ ŀǎ tWa ƻǊ /!L{h 
(EnerNOC Utility Solutions, 2013)ƛǎ ōŀǎŜŘ ƻƴ ŀ ōŀǎŜƭƛƴŜ ŦƻǊŜŎŀǎǘƛƴƎΣ ǳǎƛƴƎ ǘƘŜƳ ŀǎ ƛƴŦƻǊƳŀǘƛƻƴ ¸ Řŀȅǎ ōŜŦƻǊŜ 
ǘƘŜ ŜǾŜƴǘ ŀƴŘ ƛƴ ǘǳǊƴ ƻŦ ǘƘƻǎŜ Řŀȅǎ ŀǊŜ ǎŜƭŜŎǘŜŘ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ · ŘŀȅǎΣ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ 
ƳŜǘƘƻŘ ȅƻǳ ǿŀƴǘ ǘƻ ǳǎŜΦ ¢ƘŜǊŜ ŀǊŜ ǘǿƻ Ƴŀƛƴ ǿŀȅǎΣ ƛƴ ǘƘƛǎ ƳŜǘƘƻŘΣ (Mohajeryami, 2017) ǎƛƳǇƭŜ ŀǾŜǊŀƎŜ 
ƳƻŘŜƭπƘƛƎƘ · ƻŦ ¸ ŀƴŘ ǎƛƳǇƭŜ ŀǾŜǊŀƎŜ ƳƻŘŜƭπƳƛŘŘƭŜ · ƻŦ ¸Σ ƻƴŜ ƻǊ ǘƘŜ ƻǘƘŜǊ ƛǎ ŎƘƻǎŜƴ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ 
ǊŜǎǳƭǘǎ ǎƻǳƎƘǘΦ 

{ƛƳǇƭŜ ŀǾŜǊŀƎŜ ƳƻŘŜƭπƘƛƎƘ · ƻŦ ¸ ǳǎŜ ǘƘŜ · Řŀȅǎ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ƭƻŀŘΣ ǘƘƛǎ ǿŀȅ ǘƘŜ Ƴƻǎǘ ƭƛƪŜƭȅ ǿƛƭƭ ōŜ ǘƘŀǘ 
ǘƘŜ ƭƻŀŘ ƛǎ ōŜƭƻǿ ǘƘŜ ōŀǎŜƭƛƴŜΣ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘǎ ǿƛǘƘ ǘƘŜ ǇǊƻŎŜŘǳǊŜ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜ 
ƛǎ ŀǎ ŦƻƭƭƻǿǎΦ 
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Equation 1 

{ƛƳǇƭŜ ŀǾŜǊŀƎŜ ƳƻŘŜƭπƳƛŘŘƭŜ · ƻŦ ¸ ǳǎŜǎ ǘƘŜ · Řŀȅǎ ǿƛǘƘ ǘƘŜ ŀǾŜǊŀƎŜ ƭƻŀŘΣ ŜȄŎƭǳŘƛƴƎ ōƻǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ŀƴŘ 
ǘƘŜ ƭƻǿŜǎǘ ƭƻŀŘǎΣ ŀǎǎǳƳƛƴƎ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƛǎƻƭŀǘŜŘ ŜǾŜƴǘǎΦ Lƴ ǘƘƛǎ ǿŀȅ ǘƘŜ ōŀǎŜƭƛƴŜ ƛǎ ƳǳŎƘ ƳƻǊŜ ǎǘŀōƭŜΣ ŀƴŘ 
ǘƘŜ ŜǊǊƻǊ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ƭƻŀŘ ƛǎ ǊŜŘǳŎŜŘΣ ōǳǘ ƛƴ ǘƘƛǎ ŎŀǎŜ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǘƘŜ ƭƻŀŘ ŜȄŎŜŜŘǎ ǘƘŜ ōŀǎŜƭƛƴŜ 
ƛƴ ǎƻƳŜ ƳƻƳŜƴǘǎ ǿŜƛƎƘǘŜŘ ŀǾŜǊŀƎŜΦ ¢ƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘǎ ǿƛǘƘ ǘƘŜ ǇǊƻŎŜŘǳǊŜ 
ŘŜǎŎǊƛōŜŘ ŀōƻǾŜ ƛǎ ŀǎ ŦƻƭƭƻǿǎΦ 
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Equation 2 
Lƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǇŀǊŀƎǊŀǇƘǎ ŜȄǇƭŀƛƴ ǿƘŀǘ ǘƘŜ ŎǊƛǘŜǊƛŀ ǎƘƻǳƭŘ ōŜ ǘƻ ǎŜƭŜŎǘ ǘƘŜ · ŘŀȅǎΣ ōǳǘ ǿƘŀǘ ƛǎ ǘƘŜ ōŜǎǘ Ǌŀǘƛƻ 
ƻŦ · ŀƴŘ ¸ ǘƻ Řƻ ŎƻǊǊŜŎǘ ŦƻǊŜŎŀǎǘƛƴƎΦ ¢ƘŜ ōƛƎƎŜǊ ƛǘ ƛǎ ¸ ǘƘŜ ƳƻǊŜ ǘƘŜ ǎŀƳǇƭŜ ǿƛƭƭ ōŜΣ ǘƘƛǎ ǳǎǳŀƭƭȅ ƛƴŎǊŜŀǎŜǎ ǘƘŜ 
ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǘƘŜ ŦƻǊŜŎŀǎǘƛƴƎΣ ōǳǘ ƛŦ ¸ ƛǎ ǘƻƻ ōƛƎ ƛǘ ŎƻǳƭŘ ŎŀǳǎŜ ǎƻƳŜ ǇǊƻōƭŜƳǎΣ ǎǳŎƘ ŀǎ ōŜƛƴƎ ŀŦŦŜŎǘŜŘ ōȅ 
ǘƘŜ ŎƘŀƴƎŜ ƻŦ ǎǘŀǘƛƻƴ ƻǊ ŀ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ƭƻŀŘΦ ¢ƘŜ ƻƭŘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƻǳƭŘ ōŜ ƘŀǊƳŦǳƭ ǘƻ 
ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ŦƻǊŜŎŀǎǘƛƴƎΦ Lǘ ƛǎ ŀŘǾƛǎŀōƭŜ ƴƻǘ ǘƻ ǘŀƪŜ ƳƻǊŜ ǘƘŀƴ ŀ ŦŜǿ ǿŜŜƪǎΣ ŀǎ ŘŜǾƛŀǘƛƻƴǎΣ ŎŀǳǎŜŘ ōȅ 
ŎƘŀƴƎŜǎ ƛƴ ŎƭƛƳŀǘŜΦ LŦ ǳǎŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǇǊŜǾƛƻǳǎ ȅŜŀǊǎΣ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ŦŀŎƛƭƛǘƛŜǎ ŀƴŘ ǘŜŀƳǎ ƘŀǾŜ ƴƻǘ 
ǳƴŘŜǊƎƻƴŜ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŀŦǘŜǊƳŀǘƘ ƻŦ ǘƘŜ ȅŜŀǊΣ ǘƘŜǎŜ ǘƘƛƴƎǎ Ŏŀƴ ōŜ ŎƻǊǊŜŎǘŜŘ ōȅ ŎƘƻƻǎƛƴƎ 
ŎƻǊǊŜŎǘƭȅ ǘƘŜ · ŀƴŘ ¸ ǾŀƭǳŜǎ ƻǊ ƳŀƪƛƴƎ ǳǎŜ ƻŦ ƻǘƘŜǊ ƳŜǘƘƻŘǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǎƻƳŜ ƻŦ ǘƘŜǎŜ ƳŜǘƘƻŘǎ ǘŀƪŜ ƛƴǘƻ 
ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜΣ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ŘŜǇŜƴŘǎ ƻƴ ŜŀŎƘ ǇŀǊǘƛŎǳƭŀǊ  ŎŀǎŜΣ ƛƴ 
ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŀǊŜ ǘŀƪŜƴ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ (EnerNOC Utility Solutions, 2013)Σ ƭƻƻƪπōŀŎƪ ǿƛƴŘƻǿΣ ŜȄŎƭǳǎƛƻƴ 
ǊǳƭŜǎΣ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ · ŀƴŘ ¸ ŀƴŘ ǘƛƳŜ ƛƴǘŜǊǾŀƭǎΦ 

¢ƘŜ ƭƻƻƪπōŀŎƪ ǿƛƴŘƻǿǎ ƛǎ ǘƘŜ ǊŀƴƎŜ ƻŦ Řŀȅǎ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ŘŜƳŀƴŘΣ ŀŎǘǳŀƭƭȅΣ ƛƴ ǘƘŜ 5w ǇǊƻƎǊŀƳǎ ƴƻǘ 
ǘƘŜǊŜ ƛǎ ŀ ƳŀȄƛƳǳƳ ǊŜǎǘǊƛŎǘƛƻƴ ǘƻ ǘƘƛǎ ǇŀǊŀƳŜǘŜǊΣ ǘƘŜ ǊŜǎǘǊƛŎǘƛƻƴ Ŏŀƴ ōŜ ŜǎǘƛƳŀǘŜŘ ŦƻǊ ŜȄǘŜǊƴŀƭ ŦŀŎǘƻǊǎΣ ŀǎ 
ŎŀƭŎǳƭŀǘƛƻƴ ŎŀǇŀŎƛǘȅΣ ƻǊ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƎǊƛŘ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ƭƻŀŘ ǉǳƛŎƪƭȅΦ ¢Ƙƛǎ Ƴŀȅ ōŜ ŘǳŜ ǘƻ 
ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ƴŜǿ ŎǳǎǘƻƳŜǊǎΣ ŀƴŘ ƻŎŎǳǊǎ Ƴŀƛƴƭȅ ƛƴ ƎǊƛŘǎ ǘƘŀǘ ŀǊŜ ƎǊƻǿƛƴƎΦ ¢ƘŜ ƳƛƴƛƳǳƳ ǊŜǎǘǊƛŎǘƛƻƴ ǘƻ ǘƘŜ 
ƭƻƻƪπōŀŎƪ ǿƛƴŘƻǿǎΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ǎǘǳŘȅ ƳŀŘŜ ōȅ ǘƘŜ {ǳōŎƻƳƳƛǘǘŜŜ ƻŦ tWa ŎƻƴŘǳŎǘŜŘ ŀ ǎǘǳŘȅ ƻŦ ōŀǎŜƭƛƴŜǎΣ 
ŎƛǘŜŘ ƛƴ (EnerNOC Utility Solutions, 2013)Σ ол Řŀȅǎ ƛǎ ŀ ǇŜǊƛƻŘ ƻŦ ǎƘƻǊǘ ǘƛƳŜΣ ŀƴŘ ǊŜŎƻƳƳŜƴŘǎ ǘƘŀǘ ƛǘ ōŜ ŀǘ 
ƭŜŀǎǘ сл ŘŀȅǎΦ 

9ȄŎƭǳǎƛƻƴ ǊǳƭŜǎ ŀǊŜ ǘƘŜ ǊǳƭŜǎ ǘƘŀǘ Ƴǳǎǘ ōŜ ŦƻƭƭƻǿŜŘ ǘƻ ŜȄŎƭǳŘŜ Řŀȅǎ ƻŦ ǘƘŜ ¸ Řŀȅǎ ōŜŦƻǊŜ ǘƘŜ ŜǾŜƴǘΣ ƛƴ ƎŜƴŜǊŀƭΣ 
ŀƭƭ 5w ǇǊƻƎǊŀƳǎ ŜȄŎƭǳŘŜ ǿŜŜƪŜƴŘǎΣ ŀƴŘ ƛƴ Ƴŀƴȅ ŎŀǎŜǎ ŀƭǎƻ ǘƘŜ Řŀȅǎ ƻŦ ǘƘŜ ŜǾŜƴǘΣ ƛǘ ƛǎ ǎŀƛŘ ǘƘŀǘ ǘƘŜ ǘƘǊŜǎƘƻƭŘΣ 
ǊŜŎƻƳƳŜƴŘŜŘ ōȅ ǘƘŜ tWa ƛǎ нр҈Φ 

¢ƛƳŜ LƴǘŜǊǾŀƭǎ ŀǊŜ ǘƘŜ ǘƛƳŜ ǇŜǊƛƻŘ ƛƴ ǿƘƛŎƘ ǘƘŜ ōŀǎŜƭƛƴŜ ƛǎ ǇǊƻƧŜŎǘŜŘΣ ǳǎǳŀƭƭȅ ŀ ŦŜǿ ƳƛƴǳǘŜǎΣ ŦǊƻƳ р ǘƻ мрΣ ōǳǘ 
ƛƴ ǎƻƳŜ ŎŀǎŜǎ ǿƘŜǊŜ ǘƘŜ ŎǳǊǊŜƴǘǎ ŀǊŜ ƭƻǿ ŀƴŘ ƭƛǘǘƭŜ ǾŀǊƛŀōƭŜΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ŘƻƴŜ ŜǾŜǊȅ ƘƻǳǊ ǘƻ ǎŀǾŜ ŎŀƭŎǳƭŀǘƛƻƴ 
ǇƻǿŜǊΦ 

 

3.2.2 Weighted Average 
 

¢Ƙƛǎ ōŀǎŜƭƛƴŜ ƳŜǘƘƻŘ ƛǎ ōŀǎŜŘ ƻƴ ŀ ǿŜƛƎƘǘŜŘ ŀǾŜǊŀƎŜ ƻŦ ǘƘŜ ǇǊŜǾƛƻǳǎ ŘŀȅΩǎ ōŀǎŜƭƛƴŜ ŀƴŘ ǘƘŜ ǇǊŜǎŜƴǘπŘŀȅΩǎ 
ŀŎǘǳŀƭ ƳŜŀǎǳǊŜŘ ƭƻŀŘΦ ¢ƘŜ ōŀǎŜƭƛƴŜ ƛǎ ƴƻǘ ŎŀƭŎǳƭŀǘŜŘ ƻƴ ǿŜŜƪŜƴŘǎ ƻǊ ƘƻƭƛŘŀȅǎ ŀƴŘ ƛǘ ƛǎ ǳǇŘŀǘŜŘ ƻƴ ŜǾŜǊȅ Řŀȅ 
ƻŦ ǘƘŜ ǿŜŜƪ ǿƘŜƴ ƴƻ 5w ŎŀƳǇŀƛƎƴǎ ŀǊŜ ŎŀǊǊƛŜŘ ƻǳǘΦ 5ǳǊƛƴƎ 5w ŎŀƳǇŀƛƎƴ ŘŀȅǎΣ ǘƘŜ ōŀǎŜƭƛƴŜ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ 
ǇǊŜǾƛƻǳǎ ŘŀȅΩǎ ōŀǎŜƭƛƴŜΦ Lƴ ŎŀǎŜǎ ǿƘŜǊŜ ǘƘŜǊŜ ƛǎ ƴƻ ǇǊŜŎŜŘƛƴƎ ŎƻƳǇǳǘŜŘ ōŀǎŜƭƛƴŜΣ ǘƘŜ ōŀǎŜƭƛƴŜ ƛǎ ǘƘŜ ǎƛƳǇƭŜ 
ŀǾŜǊŀƎŜ ƘƻǳǊƭȅ ƭƻŀŘ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ ƘƻǳǊ ƻŦ ǘƘŜ Řŀȅ ŦǊƻƳ ǘƘŜ ŦƛǾŜ Ƴƻǎǘ ǊŜŎŜƴǘ ǇǊŜŎŜŘƛƴƎ ōǳǎƛƴŜǎǎ Řŀȅǎ 
ǿƛǘƘ ŎƻƳǇƭŜǘŜ ƳŜǘŜǊ ŘŀǘŀΦ 
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3.2.3 Regression 
 

¢ƘŜ ǊŜƎǊŜǎǎƛƻƴ ōŀǎŜƭƛƴŜ ƛǎ ōǳƛƭǘ ǳǎƛƴƎ ŀ ŎǳǎǘƻƳŜǊπǎǇŜŎƛŦƛŎ ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ǘƻ ŜǎǘƛƳŀǘŜ ƭƻŀŘ ōŀǎŜŘ ƻƴ ǇǊƛƻǊ 
ƭƻŀŘ ōŜƘŀǾƛƻǳǊΣ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎΣ ŎŀƭŜƴŘŀǊ ŘŀǘŀΣ ǎȅǎǘŜƳ ŘŜƳŀƴŘ ŀƴŘ ǘƛƳŜ ƻŦ ŘŀȅΣ ŀǎ ǘƘŜǊŜ ƛǎ ŀ ŎƭŜŀǊ 
ǎƛƳƛƭŀǊƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ Řŀƛƭȅ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ǘƘŜ ŀǾŜǊŀƎŜ Řŀƛƭȅ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ǎƻƳŜ ŎƛǊŎǳƳǎǘŀƴŎŜǎΦ 
wŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ Ƴŀȅ ōŜ ǘƘŜ Ƴƻǎǘ ŀŎŎǳǊŀǘŜ ŀƴŘ ǘƘŜ Ƴƻǎǘ ŎƻƳǇƭŜȄ ƻŦ ōŀǎŜƭƛƴŜ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ōŜŎŀǳǎŜ ƛǘ 
ǘŀƪŜǎ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƳƻǊŜ ǾŀǊƛŀōƭŜǎ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ ƭƻŀŘΦ  Lƴ ŘŜǘŀƛƭΣ ǊŜƎǊŜǎǎƛƻƴ ōŀǎŜƭƛƴŜ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ 
ŀ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ŀ Řŀƛƭȅ ŜƴŜǊƎȅ ŜǉǳŀǘƛƻƴΣ ǿƘƛŎƘ Ƙŀǎ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ǘƻǘŀƭ Řŀƛƭȅ ƪ²Ƙ ŀǎ ǘƘŜ 
ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜΣ ŀƴŘ нп ƘƻǳǊƭȅ ŜƴŜǊƎȅ ŦǊŀŎǘƛƻƴ ŜǉǳŀǘƛƻƴǎΣ ƛƴ ŜŀŎƘ ƻŦ ǿƘƛŎƘ ƛǎ ǘƘŜ ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜ ƛǎ 
ǘƘŜ ŦǊŀŎǘƛƻƴ ƻŦ ǘƘŜ Řŀƛƭȅ ƭƻŀŘ ƻŎŎǳǊǊƛƴƎ ƛƴ ŜŀŎƘ ƘƻǳǊ ƻŦ ǘƘŜ ŘŀȅΦ ¢ƘŜ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜǎ ƛƴ ǘƘŜ ƳƻŘŜƭ ƛƴŎƭǳŘŜ 
ŎŀƭŜƴŘŀǊ ǾŀǊƛŀōƭŜǎ όŜΦƎΦΣ Řŀȅ ƻŦ ǘƘŜ ǿŜŜƪΣ ƘƻƭƛŘŀȅ ƛƴŘƛŎŀǘƻǊǎΣ ǎŜŀǎƻƴύΣ ǿŜŀǘƘŜǊ ǾŀǊƛŀōƭŜǎ όŘǊȅπōǳƭō ǘŜƳǇŜǊŀǘǳǊŜ 
ŀƴŘ ǾŀǊƛƻǳǎ ŦǳƴŎǘƛƻƴǎ ǘƘŜǊŜƻŦύΣ ŀƴŘ ŘŀȅƭƛƎƘǘ ǾŀǊƛŀōƭŜǎ όŜΦƎΦΣ ŘŀȅƭƛƎƘǘ ǎŀǾƛƴƎ ǘƛƳŜΣ ǘƛƳŜǎ ƻŦ ǎǳƴǊƛǎŜ ŀƴŘ ǎǳƴǎŜǘύΣ 
ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŎƻǊǊŜŎǘƛƻƴ ŦŀŎǘƻǊ ǘƘŜ ƳŀȄƛƳǳƳ ƭƻŀŘ ƻŦ ǘƘŜ · Řŀȅǎ ƛǎ ŀƭǎƻ ǳǎŜŘΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǊƳǳƭŀǎ 
ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŘŜǎŎǊƛōŜŘ ƳŀǘƘŜƳŀǘƛŎ ƳƻŘŜƭΦ  
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Lƴ ǘƘŜ ǇǊŜŎŜŘƛƴƎ Ŝǉǳŀǘƛƻƴǎ ǇǊŜŎŜŘŜŘΣ ˊ ƛǎ ǘƘŜ ŎƻǊǊŜŎǘƛƻƴ ǇŀǊŀƳŜǘǊƻƴ ŦƻǊ ǘƘŜ ƭƻŀŘΣ ƛǘ Ƴǳǎǘ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŜǾŜǊȅ 
Řŀȅ όŘύΦ ¢ ƛǎ ǘƘŜ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ŘŀȅΣ ¢ϝ ƛǎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ŀ ŎŜǊǘŀƛƴ ǘƛƳŜΦ ƭм ƛǎ ǘƘŜ ŦƛǊǎǘ 
ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜƭƛƴŜΣ ŀƴŘ ƭн ƛǎ ǘƘŜ ŎƻǊǊŜŎǘŜŘ ōŀǎŜƭƛƴŜΦ 

 

3.2.4 Comparable day 
 

/ƻƳǇŀǊŀōƭŜ Řŀȅ ƛǎ ŀƴƻǘƘŜǊ ƳŜǘƘƻŘ ƻŦ ŦƻǊŜŎŀǎǘƛƴƎΣ ǿƘƛŎƘ ǳǎŜǎ ƘƛǎǘƻǊƛŎŀƭ ŘŀǘŀΣ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ōŀǎŜƭƛƴŜΦ Lƴ ǘƘƛǎ 
ŎŀǎŜ ǘƘŜ ōŀǎŜƭƛƴŜ ƛǎ ƴƻǘ ŎŀƭŎǳƭŀǘŜŘΣ ƭƛƪŜ ǘƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ǇǊŜŎŜŘƛƴƎ ŘŀȅǎΣ ŦƻǊ ǘƘƛǎ ŎŀǎŜ ƛǘ ƻƴƭȅ ǘŀƪŜǎ 
ƻƴŜ ŘŀȅΣ ƛǘ ƛǎ ǎŜƭŜŎǘŜŘ ŦƻǊ ŀ Řŀȅ ǿƛǘƘ ǎƛƳƛƭŀǊ ŎƻƴŘƛǘƛƻƴǎΣ ŀƴŘ ŦƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ƻƴ ŀ ǿŜŜƪŘŀȅ ŀ ǿŜŜƪ ŜƴŘ Řŀȅ ƻǊ ŀ 
ƘƻƭƛŘŀȅΣ ǘƘƛǎ ƳŜǘƘƻŘ Ŏŀƴ ōŜ ǳǎŜŘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǘȅǇŜ ƻŦ ƭƻŀŘΦ 

¢ƻ ƎŜƴŜǊŀǘŜ ǘƘŜ ōŀǎŜƭƛƴŜ ƛƴ ǘƘƛǎ ƳŜǘƘƻŘΣ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎŜƭŜŎǘ ǘƘŜ Řŀȅ Ƴƻǎǘ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ Řŀȅ ȅƻǳ ǿŀƴǘ ǘƻ 
ǇǊŜŘƛŎǘΣ ŦƻǊ ǘƘƛǎ ǿŜ ŎƻǳƭŘ Ǝƻ ƻƴ ǘƘƛƴƎǎ ƭƛƪŜ ǘƘŜ ǿŜŀǘƘŜǊ ŦƻǊŜŎŀǎǘΣ ƛƴ ǘƘŀǘ ŎƻƴǘŜȄǘΣ ŎƘƻƻǎŜ ǘƘŜ ŎƭƛƳŀǘŜ Řŀȅ ǘƘŀǘ 
ƛǎ ƳƻǊŜ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ŎƭƛƳŀǘŜ ǿŜ ǿŀƴǘ ǇǊŜŘƛŎǘΣ ŀŘŘƛǘƛƻƴŀƭƭȅ ǿŜ ŎƻǳƭŘ Ǝƻ ƻƴ Řŀǘŀ ǎǳŎƘ ŀǎ ǘƘŜ Řŀȅ ƻŦ ǘƘŜ ǿŜŜƪΣ 
ƻǊ ǘƘŜ ƘƻƭƛŘŀȅǎΣ ƛŦ ǘƘŜ ǎǳŦŦƛŎƛŜƴǘ ŦŀŎǘƻǊǎ ŀǊŜ ƴƻǘ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘΣ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ŎƻǳƭŘ ōŜ ŜǊǊƻƴŜƻǳǎΦ 

 

Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ŎƭƛƳŀǘŜΣ ŀƴ ŀƭƎƻǊƛǘƘƳ ƻŦ ǘƘƛǎ ǘȅǇŜ ŎƻǳƭŘ ōŜ ŀǇǇƭƛŜŘ ǘƻ ǎŜƭŜŎǘ ŀ ŎƻƳǇŀǊŀōƭŜ Řŀȅ 
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¢ƘŜ ŦŀŎǘƻǊ 5 ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ ŘŀȅΣ ŀƴŘ ǘƘŜƴ ƛǘ ǿƛƭƭ ōŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ǘŀƪŜ ǘƘŜ Řŀȅ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ 
ƭƻǿŜǎǘ ǾŀƭǳŜ ƻŦ 5Φ ²ƘŜƴ ǘƘŜ ŦŀŎǘƻǊ 5 ϝ ƛǎ ŎƭƻǎŜ ǘƻ мΣ ǘƘŜ ōŀǎŜƭƛƴŜ ǎƘƻǳƭŘ ōŜ ƳƻǊŜ ŀŎŎǳǊŀǘŜΦ 
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¢ƘŜ ŎƘŀƭƭŜƴƎŜǎ ǿƛǘƘ ǘƘƛǎ ƳŜǘƘƻŘƻƭƻƎȅ ŀǊŜ ǘǿƻΥ ƛǘ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ƪƴƻǿ ǘƘŜ ōŀǎŜƭƛƴŜ ŘǳǊƛƴƎ ǘƘŜ ŜǾŜƴǘ ǿƘƛŎƘ 
ŎƻǳƭŘ ƛƳǇŜŘŜ ƳŜŜǘƛƴƎ ŎǳǊǘŀƛƭƳŜƴǘ Ǝƻŀƭǎ ŀƴŘ ǘƘŜǊŜ ŀǊŜ ƴƻ ƻōƧŜŎǘƛǾŜ ŎǊƛǘŜǊƛŀ ŦƻǊ ǎŜƭŜŎǘƛƻƴ ƻŦ ǘƘŜ Řŀȅ ǿƘƛŎƘ 
ƳŀƪŜǎ ƛǘ ŘƛŦŦƛŎǳƭǘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜƴŜǎǎ ƻŦ ŀ ŎƻƳǇŀǊŀōƭŜ ŘŀȅΦ 

 

3.2.5 Baseline adjustment 
 

{ŜǾŜǊŀƭ ŦŀŎǘƻǊǎ ŀŦŦŜŎǘ ŀ ŎǳǎǘƻƳŜǊΩǎ ƭƻŀŘ ǇǊƻŦƛƭŜ ǇǊƛƻǊ ǘƻ 5w ŜǾŜƴǘΦ ¢ƘŜ ŎƻƴŘƛǘƛƻƴǎ ƻƴ ǘƘŜ ŜǾŜƴǘ Řŀȅ ŀǊŜ ƻŦǘŜƴ 
ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ǇǊƛƻǊ Řŀȅ ŎƻƴŘƛǘƛƻƴǎΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ŎǳǎǘƻƳŜǊǎ ǿƛǘƘ ǿŜŀǘƘŜǊπǎŜƴǎƛǘƛǾŜ ƭƻŀŘǎ ǘƘŀǘ ƛƴŎǊŜŀǎŜ ŘǳǊƛƴƎ 
ŜȄǘǊŜƳŜƭȅ Ƙƻǘ ŀƴŘκƻǊ ŜȄǘǊŜƳŜƭȅ ŎƻƭŘ ŎƻƴŘƛǘƛƻƴǎΦ tǊƻƎǊŀƳǎ ǘƘŀǘ ŀǊŜ ǘǊƛƎƎŜǊŜŘ ōȅ ǇŜŀƪ ŘŜƳŀƴŘ ŎƻƴŘƛǘƛƻƴǎ ƻǊ 
ŜƳŜǊƎŜƴŎƛŜǎ ŎŀǳǎŜŘ ōȅ ƎŜƴŜǊŀǘƛƻƴ ƻǳǘŀƎŜǎ ƻŦǘŜƴ ŎƻƛƴŎƛŘŜ ǿƛǘƘ Řŀȅǎ ƻŦ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎΦ CƻǊ 
ǘƘƛǎ ǊŜŀǎƻƴΣ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ŀŘƧǳǎǘƳŜƴǘ ƳŜŎƘŀƴƛǎƳ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ƳƻǊŜ ŀŎŎǳǊŀǘŜƭȅ ǊŜŦƭŜŎǘ ǘƘŜ ŀŎǘǳŀƭ 
ŎƛǊŎǳƳǎǘŀƴŎŜǎ ŀƴŘ ŀǾƻƛŘ ǇŜƴŀƭƛȊƛƴƎ ŎǳǎǘƻƳŜǊǎ ǿƘƻ ŀǊŜ ŎƻƴǎǳƳƛƴƎ ƳƻǊŜ ǇƻǿŜǊ ǘƘŀƴ ŀ ΨƭƛƪŜΩ Řŀȅ ŀƭƻƴŜΦ 
/ǳǊǊŜƴǘ 5w ǇǊƻƎǊŀƳǎ ǳǎǳŀƭƭȅ ǳǎŜ ǊŜŀŘƛƭȅ ǾŜǊƛŦƛŀōƭŜ ŘŀǘŀΣ ǎǳŎƘ ŀǎ ǘŜƳǇŜǊŀǘǳǊŜ ƻǊ ƭƻŀŘ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ǇǊƛƻǊ ǘƻ ŀƴ 
ŜǾŜƴǘ ŀǎ ǘƘŜ ōŀǎƛǎ ŦƻǊ ŀŘƧǳǎǘƳŜƴǘΦ ¢ƘŜ ŀŘƧǳǎǘƳŜƴǘ ŀƭƎƻǊƛǘƘƳ ƛǎ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎǇŜŎƛŀƭ 
ŎƛǊŎǳƳǎǘŀƴŎŜǎΦ DŜƴŜǊŀƭƭȅΣ ǘƘŜ ƛƴƛǘƛŀƭ ōŀǎŜƭƛƴŜ ƛǎ ŀŘƧǳǎǘŜŘ ǳǇǿŀǊŘκŘƻǿƴǿŀǊŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƭƻŀŘ ŦƻǊ ǎŜǾŜǊŀƭ 
ƘƻǳǊǎ ōŜŦƻǊŜ ǘƘŜ ŀŎŎƛŘŜƴǘΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ŀŘƧǳǎǘƳŜƴǘ ƛǎ ǳǎŜŘ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ǘƘŜ ŀǾŜǊŀƎŜ ƘƻǳǊƭȅ 
ǘŜƳǇŜǊŀǘǳǊŜ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ōŀǎŜƭƛƴŜ ōŀǎƛǎ Řŀȅǎ ŀƴŘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ŜǾŜƴǘ ƘƻǳǊΦ ¢ƘŜ 
ŦƻƭƭƻǿƛƴƎ ŀǊŜ ǘǿƻ ƳŜǘƘƻŘǎ ƻŦ ōŀǎŜƭƛƴŜ ŀŘƧǳǎǘƳŜƴǘΥ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴ ŀŘƧǳǎǘƳŜƴǘ ŀƴŘ ŀŘŘƛǘƛƻƴ ŀŘƧǳǎǘƳŜƴǘΦ 

¢ƘŜ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴ ŀŘƧǳǎǘƳŜƴǘ ƛǎ ŀ ǇŀǊŀƳŜǘŜǊΣ ŀΣ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ Řŀȅ ŀǘ ŜŀŎƘ ƳƻƳŜƴǘ ǘƻ ŀŘƧǳǎǘ ǘƘŜ 
ōŀǎŜƭƛƴŜΦ ¢ƘŜ Ŝǉǳŀǘƛƻƴ ƛǎ ŀŘƧǳǎǘŜŘ ŀǎ ŦƻƭƭƻǿǎΥ 

ὰ ὥ ὰ  

9ǉǳŀǘƛƻƴ у 
 

 

ὥ
В ὰ ȟ

В ὰ ȟ

 

9ǉǳŀǘƛƻƴ ф 

 

 

Lƴ ǘƘŜ ǇǊŜǎŜƴǘ Ŝǉǳŀǘƛƻƴǎ ŀōƻǾŜΣ ŀ ƛǎ ǘƘŜ ŀŘƧǳǎǘƳŜƴǘ ƳǳƭǘƛǇƭƛŜǊΣ ŀ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ Řŀȅ όŘύ ŀǎ ŀ ŦǳƴŎǘƛƻƴ 
ƻŦ ǘƘŜ ƳƻƳŜƴǘ ƻŦ ǘƘŜ Řŀȅ όǘύΣ ƭǊ ƛǎ ǘƘŜ ǊŜŀƭ ōŀǎŜƭƛƴŜ ƳŜŀǎǳǊŜŘΣ ƭм ƛǎ ǘƘŜ ŦƛǊǎǘ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜƭƛƴŜΣ ƭн ƛǎ ǘƘŜ 
ōŀǎŜƭƛƴŜ ŎƻǊǊŜŎǘŜŘΦ Lǘ Ŏŀƴ ōŜ ǎŜŜƴ ǘƘŀǘ ƛŦ ƭǊ ƛǎ Ŝǉǳŀƭǎ ƭмΣ ǘƘŜƴ ŀ Ґ мΣ ǘƘŜǊŜŦƻǊŜ ǘƘŜǊŜ ǿƻǳƭŘ ōŜ ƴƻ ŀŘƧǳǎǘƳŜƴǘΦ 
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¢ƘŜ ŀŘŘƛǘƛƻƴ ŀŘƧǳǎǘƳŜƴǘΣ ɲƭΣ ƳƻŘƛŦȅ ǘƘŜ Ŝǉǳŀǘƛƻƴ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ōŀǎŜƭƛƴŜΣ ǿƛǘƘ ŀ ƭƛƴŜŀǊ ŀŘƧǳǎǘƳŜƴǘΣ ŀǘ ǘƘŜ 
ƳƻƳŜƴǘ ŀƴ ŀŘƧǳǎǘƳŜƴǘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ǘƘŀǘ ƛǎ ŀŘŘŜŘ ŀƭƎŜōǊŀƛŎŀƭƭȅΣ ŀƴŘ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ŘŜǎŎǊƛōŜ ǘƘƛǎ 
ŀŘƧǳǎǘƳŜƴǘ ŀǊŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ  

ῳὰȟ
ρ

ὔ ρ
ὰ ὰ  

9ǉǳŀǘƛƻƴ мл 
 

 

ὰ ῳὰȟ ὰ  

9ǉǳŀǘƛƻƴ мм 
 

 

¢ƘŜǊŜ ƛǎ ŀƴƻǘƘŜǊ ƳŜǘƘƻŘ ƻŦ ƭƛƴŜŀǊ ŀǇǇǊƻȄƛƳŀǘƛƻƴΣ ŦƻǊ ǘƘƛǎ ƻǘƘŜǊ ƳŜǘƘƻŘ ǘƘŜ ɲƭ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ƛƴ ŀ ŘƛŦŦŜǊŜƴǘ ǿŀȅΣ 
Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƳŜƴǘƛƻƴ ǘƘŀǘ ǘƘƛǎ ƳŜǘƘƻŘ ƛǎ ƴƻǘ ŀ ŎƻǊǊŜŎǘƛƻƴ ƭƛƪŜ ǘƘŜ ǇǊŜǾƛƻǳǎ ƳŜǘƘƻŘǎΣ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ 
ƳƻŘŜƭ ǘƘŀǘ ŘŜǎŎǊƛōŜǎ ǘƘƛǎ ƻǘƘŜǊ ŀǇǇǊƻŀŎƘ ƛǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

ῳὰȟ
ρ

ὢ
ὰ ȟ ὰ ȟ  

9ǉǳŀǘƛƻƴ мн 
 

 

ὰ ῳὰȟ ὰ  

9ǉǳŀǘƛƻƴ мо 
 

¢ƘŜǊŜ ŀǊŜ ƳƻǊŜ ǘȅǇŜǎ ƻŦ ŀŘƧǳǎǘƳŜƴǘǎ ǘƘŀǘ Ŏŀƴ ōŜ ƳŀŘŜ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ƳƻǊŜ ǇǊŜǎǳƳŜŘ ǿŜŀǘƘŜǊΣ ƻƴŜ ƻŦ ǘƘŜ 
Ƴƻǎǘ ǳǎŜŘ ƛǎ ǿŜŀǘƘŜǊ ŀŘƧǳǎǘΣ ǿƘƛŎƘ ǘŀƪŜǎ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǘƘŜ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ ǘƻ ŎƻǊǊŜŎǘ ǘƘŜ ōŀǎŜƭƛƴŜΣ ƛǘ 
ǿƻǳƭŘ ōŜ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ ǎŜŜ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ǳǎƛƴƎ ŦƻǊŜŎŀǎǘƛƴƎ ǿŜŀǘƘŜǊ ǘƻ ŎƻǊǊŜŎǘ ǘƘŜ ōŀǎŜƭƛƴŜΣ ŀƴŘ ŎƻƳǇŀǊŜ ƛǘ 
ǿƛǘƘ ǘƘŜ ǊŜǎǳƭǘǎ ƻōǘŀƛƴŜŘΦ ¢ƘŜ Ŝǉǳŀǘƛƻƴ ǘƘŀǘ ƛǎ ǳǎŜŘ ǘƻ ŎƻǊǊŜŎǘ ǘƘŜ ōŀǎŜƭƛƴŜ ƛƴ ǘƘƛǎ ȅŜŀǊ ǿƻǳƭŘ ōŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΦ 

ὰ
ȟ

ȟ

 

9ǉǳŀǘƛƻƴ мп 

 

 

 

 

Ὕ ȟ

ρ

ὢ
Ὕȟ  

Equation 15 
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3.2.6 Short term load forecasting for Baseline Assessment 
 

{ƘƻǊǘπǘŜǊƳ ŜƭŜŎǘǊƛŎŀƭ ƭƻŀŘ ŦƻǊŜŎŀǎǘƛƴƎ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ǘƘŜ {ǳǇǇƻǊǘ ±ŜŎǘƻǊ wŜƎǊŜǎǎƛƻƴ ό{±wύΣ ¢ǊƛǇƭŜ 
ǎŜŀǎƻƴŀƭ ƳŜǘƘƻŘǎ ŦƻǊ ǎƘƻǊǘπǘŜǊƳ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ŦƻǊŜŎŀǎǘƛƴƎΣ !ǳǘƻƳŀǘŜŘ ƭƻŀŘ ŦƻǊŜŎŀǎǘƛƴƎ ŀǎǎƛǎǘŀƴǘΣ 
bŜǳǊŀƭ bŜǘǿƻǊƪǎ ŦƻǊ {ƘƻǊǘπ¢ŜǊƳ [ƻŀŘ CƻǊŜŎŀǎǘƛƴƎ ŀƴŘ ŜȄǘŜƴŘŜŘ wŜŎǳǊǎƛǾŜ [Ŝŀǎǘ {ǉǳŀǊŜǎ !ƭƎƻǊƛǘƘƳΦ ¢ƘŜǎŜ 
ƳŜǘƘƻŘǎ Ƴŀȅ ōŜ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ǎǘǊŀǘŜƎȅ ǘƻ ŀƭƭƻǿ ƛǘ ǘƻ ƳŀƪŜ ǇǊŜŘƛŎǘƛƻƴǎ ƛƴ ŘƛǎŎǊŜǘŜ ǎǇŀŎŜǎ 
ƻŦ ǘƛƳŜΣ ŦǊƻƳ ŀ ǇŜǊƛƻŘ ƻŦ ŀ ŎƻǳǇƭŜ ƻŦ ƳƛƴǳǘŜǎ ǘƻ ŀ ƴǳƳōŜǊ ƻŦ ŘŀȅǎΦ 

{ǳǇǇƻǊǘ ±ŜŎǘƻǊ wŜƎǊŜǎǎƛƻƴ ό{±wύ ƻǊ ǎǳǇǇƻǊǘ ǾŜŎǘƻǊ ƳŀŎƘƛƴŜ ό{±aύΣ ƛǎ ŀ ƳŀǘƘŜƳŀǘƛŎŀƭ ǘƻƻƭ ǳǎŜǎ ŀƭƎƻǊƛǘƘƳǎ 
ŀƴŘ ŀ ŘŀǘŀōŀǎŜ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ŦǳǘǳǊŜ ōŜƘŀǾƛƻǳǊ ƻŦ ŀ ǾŀǊƛŀōƭŜΦ (Chen, 2017) ¦ǎŜŘ ŀ ǎǳǇǇƻǊǘ ǾŜŎǘƻǊ ǊŜƎǊŜǎǎƛƻƴ 
ƳƻŘŜƭ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ 5wΣ ŀǇǇƭȅƛƴƎ ǘƘƛǎ ƳƻŘŜƭ ǘƻ п ƻŦŦƛŎŜ ōǳƛƭŘƛƴƎǎΣ ƘƻǿŜǾŜǊ ƛǘ ŘƻŜǎ ƴƻǘ ǇǊƻǾŜ ǘƘŀǘ ǘƘŜ ƳƻŘŜƭ 
ǿƛƭƭ ƴƻǘ ōŜ ŀōƭŜ ǘƻ ŀǇǇƭȅ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ōǳƛƭŘƛƴƎǎΣ ŀǎ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ Řŀǘŀ ǿŀǎ ŜǾŜǊȅ мр ƳƛƴǳǘŜǎ ŀƴŘ ǘƘŜ 
ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ǿŀǎ ŀōƻǳǘ мо ŘŀȅǎΦ ¢ƘŜ ǳǎŜ ƻŦ {±w ǊŜǉǳƛǊŜǎ ǊŜŀƭπǘƛƳŜ ǿŜŀǘƘŜǊ ŘŀǘŀΣ ƘƻǿŜǾŜǊ ǘƘŜ ŀǾŀƛƭŀōƭŜ 
ŦƻǊŜŎŀǎǘ ǇŜǊƛƻŘ ƛǎ у ƘƻǳǊǎ ŦƻǊ ǿƻǊƪƛƴƎ ŘŀȅǎΣ ŀƴŘ ǘƘŜ ŦƻǊŜŎŀǎǘ ŀŎŎǳǊŀŎȅ ƛǘ ǘȅǇƛŎŀƭƭȅ мΦрт ҈ ǘƻ нлΦлу҈Σ ŘŜǇŜƴŘƛƴƎ 
ƻƴ ǘƘŜ ƳŜǘƘƻŘ ǳǎŜŘ ŦƻǊ ŎŀƭŎǳƭŀǘƛƴƎ ǘƘŜ ŦƻǊŜŎŀǎǘΦ 

²ƘŜƴ ŀ ǇǊŜŘƛŎǘƛƻƴ ƛǎ ƳŀŘŜΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ŜǊǊƻǊΣ ǎƻ ǘƘŀǘ ǿƘŜƴ ǘƘŜ ƳŜǘƘƻŘ ƛǎ Ǉǳǘ 
ƛƴǘƻ ƻǇŜǊŀǘƛƻƴΣ ƛǘ ƛǎ ƪƴƻǿƴ ǘƘŀǘ ƳŀƎƴƛǘǳŘŜ ƻŦ ŜǊǊƻǊ ƛǎ ǇƻǎǎƛōƭŜ ǊŜŀŎƘΦ (Taylor, 2010) {ǘǳŘȅ ǘƘŜ ǘŜǎǘƛƴƎ ƻŦ ǘƘŜ 
.ǊƛǘƛǎƘ ŀƴŘ CǊŜƴŎƘ ƴŀǘƛƻƴŀƭ ƎǊƛŘǎ ŀƴŘ ŀǇǇƭȅ ǎƻƳŜ ǇǊŜŘƛŎǘƛƻƴ ƳŜǘƘƻŘǎ ŦƻǊ Ƙƻǿ ŜŦŦŜŎǘƛǾŜ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ƛǎΦ ¢ƘŜ 
ƛƴǾŜǎǘƛƎŀǘƛƻƴ ǎǳƎƎŜǎǘǎ ŀ ŦƻǊŜŎŀǎǘ ǘƛƳŜ ǇŜǊƛƻŘ ŦƻǊ ƘŀƭŦπƘƻǳǊƭȅ ŜƭŜŎǘǊƛŎŀƭ ƭƻŀŘǎΣ ǘƘŜ ŦƻǊŜŎŀǎǘ ŀŎŎǳǊŀŎȅ ƛǎ ƻŦ ƎǊŜŀǘ 
ƛƳǇƻǊǘŀƴŎŜ ƛǘ ƛǎ ƴƻǘ ǘƘŜ ƻƴƭȅ ŎǊƛǘŜǊƛƻƴ ǘƻ ŎƻƴǎƛŘŜǊ ǿƘŜƴ ǎŜƭŜŎǘ ŀ ŦƻǊŜŎŀǎǘ ƳŜǘƘƻŘΦ ¢ƘŜ ǊŜǇƻǊǘ ǊŜǎǳƭǘǎ ǎǘŀǘŜǎ 
ǘƘŀǘΣ ǿƛǘƘ ƳŜŀƴ ŀōǎƻƭǳǘŜ ǇŜǊŎŜƴǘŀƎŜ ŜǊǊƻǊ όa!t9ύ ƭŜǾŜƭǎ ōŜǘǿŜŜƴ мΦр҈ ŀƴŘ с҈Σ ƛƴ ǘƘŜ ŜȄǇƻƴŜƴǘƛŀƭ ǎƳƻƻǘƘƛƴƎ 
ƳŜǘƘƻŘΣ ǘƘŜǊŜ ƛǎ ŎǳǊǊŜƴǘƭȅ ƴƻ ŎƭŜŀǊ ŀǇǇǊƻŀŎƘ ǘƻ ŎƘƻƻǎŜ ǳǇƻƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎȅŎƭŜǎ ŀƴŘ ǘƘŜ ŘŜŎƛǎƛƻƴ ōŜǘǿŜŜƴ 
ǳƴǊŜǎǘǊƛŎǘŜŘ ŀƴŘ ǊŜǎǘǊƛŎǘŜŘ ǾŜǊǎƛƻƴǎΦ a!t9 ƛǎ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǊƳǳƭŀΣ Equation 16Φ 

ὓ
ρππϷ

ὲ

ὃ Ὂ

ὃ
 

Equation 16 

Where At is the actual error and Ft is the forecasted error. 

 

bŜǳǊŀƭ ƴŜǘǿƻǊƪǎ ŀƭƭƻǿ ǘƘŜ ŘŜŎŜƴǘǊŀƭƛȊŀǘƛƻƴ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΣ ǘƘŀƴƪǎ ǘƻ ǘƘƛǎ ŀ ǎȅǎǘŜƳ ǿƛǘƘ ƘŜƛƎƘǘ ƻǊƎŀƴƛȊŀǘƛƻƴ 
ƭŜǾŜƭ Ŏŀƴ ƎƛǾŜ ŀƴǎǿŜǊǎ ƳƻǊŜ ǉǳƛŎƪƭȅ ŀƴŘ ōŜ ƳǳŎƘ ƳƻǊŜ ŦƭŜȄƛōƭŜΦ !ŘŘƛǘƛƻƴŀƭƭȅ ƛƴ ǘƘƛǎ ŎŀǎŜ ǿŜ ǿƛƭƭ ŀŘŘ ǘƘŜ ŦǳȊȊȅ 
ŀƭƎƻǊƛǘƘƳǎΣ ŀ ŎƻƴŎŜǇǘ ǘƘŀǘ ƛǎ ŦƭŜȄƛōƭŜ ƭƻƎƛŎΣ ŀƴŘ ŀƭƭƻǿǎ ȅƻǳ ǘƻ ƎƛǾŜ ŎƻƳǇƭŜȄ ŀƴǎǿŜǊǎΣ ƴƻǘ ƻƴƭȅ ōƛƴŀǊȅ ŀƴǎǿŜǊǎ 
ƻŦ м ŀƴŘ лΦ (Hippert, 2001)ƘŜ ƳŀŘŜ ŀ ǎǘǳŘȅ ƛƴ ǿƘƛŎƘ ƘŜ ŎƻƳōƛƴŜŘ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƻŦ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ ǿƛǘƘ ǘƘŜ 
ŦǳȊȊȅ ƭƻƎƛŎΣ ƛƴ Ƙƛǎ ǇŀǇŜǊ ƘŜ ƳŀŘŜ ŀ ŎƻƭƭŜŎǘƛƻƴ ƻŦ ƻǘƘŜǊ ǇŀǇŜǊǎ ǇǳōƭƛǎƘŜŘ ōŜǘǿŜŜƴ мффм ŀƴŘ мфффΣ ƛƴ ǿƘƛŎƘ 
ŜƛǘƘŜǊ ƻŦ ǘǿƻ ǿŀȅǎΥ ¢ƘŜ ŦƛǊǎǘ ǿŀȅ ōȅ ǊŜǇŜŀǘŜŘƭȅ ŦƻǊŜŎŀǎǘƛƴƎ ƻƴŜ ƘƻǳǊƭȅ ƭƻŀŘ ŀǘ ŀ ǘƛƳŜΦ ¢ƘŜ ǎŜŎƻƴŘ ǿŀȅ ōȅ ǳǎƛƴƎ 
ŀ ǎȅǎǘŜƳ ǿƛǘƘ нп bbǎ ƛƴ ǇŀǊŀƭƭŜƭΣ ƻƴŜ ŦƻǊ ŜŀŎƘ ƘƻǳǊ ƻŦ ǘƘŜ ŘŀȅΦ /ƻƴǎƛŘŜǊŜŘ ǘƘŜ ƭƻŀŘ ǎǘŀǘƛƻƴŀǊȅ ǇǊƻŎŜǎǎ ǿƛǘƘ 
ƭŜǾŜƭ ŎƘŀƴƎŜǎ ŀƴŘ ƻǳǘƭƛŜǊΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘƛǎ ǎǘǳŘȅ ƛƴ ǘƘŜ ŦǳǘǳǊŜΣ ƳƻǊŜ ǎǘǳŘƛŜǎ ǿƛǘƘ ƳƻǊŜ ŎƻƳǇƭŜȄ bbǎ ǎƘƻǳƭŘ 
ōŜ ŘƻƴŜ ǘƻ ƘŀǾŜ ǊŜǎǳƭǘǎ ǘƘŀǘ ŀǊŜ ǎƻƭƛŘ ƳŀǎǘŜǊǎ ƻƴ ǿƘƛŎƘ ǘƻ ōŀǎŜ ǘƘŜ ǇƻǎǎƛōƭŜ ǊƻƭŜ ƻŦ ǘƘŜ bbǎ ƛƴ ƭƻŀŘ ŦƻǊŜŎŀǎǘƛƴƎΦ 

¢ƘŜ ŀǳǘƻƳŀǘŜŘ ƭƻŀŘ ŦƻǊŜŎŀǎǘƛƴƎ ŀǎǎƛǎǘŀƴǘǎ ό![C!ύ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǳǎŜŘ ǘƻ ƳŀƪŜ ōŀǎŜƭƛƴŜ ŦƻǊŜŎŀǎǘƛƴƎΣ ǘƘŜ 
ōŀǎŜƭƛƴŜ ƛǎ ƎŜƴŜǊŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ŘŀǘŀΦ (Jabbour, 1988)5ƛŘ ŀƴ 
ƛƴǾŜǎǘƛƎŀǘƛƻƴ ǳǎƛƴƎ млπȅŜŀǊǎ ƻŦ ŜƭŜŎǘǊƛŎŀƭ ŘŀǘŀΣ ![C! ŦƻǊŜŎŀǎǘ ƭƻŀŘ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ Řŀȅ ƻǊ н Řŀȅǎ ƛƴ ŀŘǾŀƴŎŜύ 
ŀƴŘ ǎƘƻǿƛƴƎ ŦƻǊ ŜŀŎƘ ƘƻǳǊΣ ![C! ǳǎŜǎ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ǿŜŀǘƘŜǊΣ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ 
ƻǇǇƻǊǘǳƴŜ ƳƻƳŜƴǘ ŀǘ ǿƘƛŎƘ ƳƻƳŜƴǘ ǘƘŜ ŎŀǊƎƻ ǿƛƭƭ ōŜΣ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ǿŜŀǘƘŜǊ ƛƴ ǘƘŜ ǎǳōƳƛǎǎƛǾŜ 
ǘƘŜ ƴŀǘƛƻƴŀƭ ŎƭƛƳŀǘŜ {ŜǊǾƛŎŜΣ ǘƘƛǎ ǎǘǳŘȅ ŀƭǎƻ ǎŜŀΦ ¢ƻ ǘƘŜ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎŜ ǿƛǘƘ ǘƘŜ ǿŜŀǘƘŜǊΣ 
ŀƴŘ ŎƻƳǇŀǊŜ ǘƘŜ ƴƻǊƳŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƻŦ ǿƛƴǘŜǊ ŀƴŘ ǎǳƳƳŜǊΦ !ŦǘŜǊ ŀƴŀƭȅǎƛƴƎ ǘƘŜ Řŀǘŀ ƻŦ ōƻǘƘ ǘƘŜ 
ǿŜŀǘƘŜǊ ŀƴŘ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ŀƴŘ ǘƘŜ ƻǇŜǊŀǘƻǊ ǉǳŜǊȅΣ ![C! ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƎŜƴŜǊŀǘŜǎ ǘƘŜ ƭƻŀŘ ŦƻǊŜŎŀǎǘΦ 
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Figure 6 ALFA blocks diagram 

! ǘŜŎƘƴƛǉǳŜ ǳǎŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǊŜƴŜǿŀōƭŜ ƻōƧŜŎǘǎ ƛǎ ǘƻ ŀǇǇƭȅ ±tt όǾƛǊǘǳŀƭ ǇƻǿŜǊ Ǉƭŀƴǘύ ƛƴ ŀ ƎǊƛŘΦ 
! ±tt ƛǎ ǘƻ ǳƴƛǘŜ ǾƛǊǘǳŀƭƭȅ ǇǊƻǎǳƳŜǊǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ōŀǎŜƭƛƴŜǎΣ ǘƘŀǘ Ǉƻǎǎƛōƭȅ ŎƻƳǇƭŜƳŜƴǘ ŜŀŎƘ ƻǘƘŜǊΣ ǎƻ ǘƘŀǘ 
ǿƘŜƴ ƻƴŜ Ŏŀƴƴƻǘ ƎŜƴŜǊŀǘŜ ŀƴƻǘƘŜǊ ǘƘƛǎ ƎŜƴŜǊŀƭΣ ŀƴŘ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ŎƻƴǎǳƳŜǊǎ ǿƘŜƴ ƻƴŜ ŘƻŜǎ ƴƻǘ 
ŎƻƴǎǳƳŜΣ ŎƻƴǎǳƳŜ ǘƘŜ ƻǘƘŜǊǎΦ Lƴ ŀ ǎǘǳŘȅ IǳŀƴƎΣ WΣ Ŝǘ .ƻƭŀƴŘΣ WΣ όнлмуύ (Huang, 2018)ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ǿƛǘƘ ŀ 
ƘȅōǊƛŘ ƻŦ ǎƻƭŀǊ ŀƴŘ ǿƛƴŘ ǎƻǳǊŎŜǎΣ ǘƘŜ ŦƻǊŜŎŀǎǘƛƴƎ ŜǊǊƻǊ ǿŀǎ ǊŜŘǳŎŜŘ ōŜǘǿŜŜƴ мо ŀƴŘ ор҈Σ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ 
ŦƻǊŜŎŀǎǘƛƴƎ ƻŦ ƛƴŘŜǇŜƴŘŜƴǘ ǎƻǳǊŎŜǎ 

 

 

Figure 7 VPP design model 
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4 Customer Baseline Load (CBL) definition for eDREAM use cases 
 

4.1 Methodology 
 

tŀǊǘ ƻŦ ǘƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ƛǎ ǘƻ ŘŜǾŜƭƻǇ ŀ ǎȅǎǘŜƳ ǘƘŀǘ Ŏŀƴ ƎŜƴŜǊŀǘŜ ŀƴ ƻǇǘƛƳŀƭ 5w ǎǘǊŀǘŜƎȅ ŦƻǊ ǇǊƻǎǳƳŜǊǎ 

ŀǎ ǇŀǊǘ ƻŦ ŀƴ ŀǳǘƻƳŀǘŜŘ ŦƭŜȄƛōƭŜ ŎƻƴǘǊŀŎǘƛƴƎ ǇǊƻŎŜǎǎΦ ¢ƻ Řƻ ǘƘƛǎΣ ŎǳǎǘƻƳŜǊ ōŀǎŜƭƛƴŜǎ Ƴǳǎǘ ōŜ ŎŀƭŎǳƭŀǘŜŘ ǘƻ 

ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ƳǳŎƘ ŜƴŜǊƎȅ ŀ ŎƻƴǎǳƳŜǊκǇǊƻǎǳƳŜǊ ƛǎ ƭƛƪŜƭȅ ǘƻ ƴŜŜŘ ŀǘ ŀƴȅ ƎƛǾŜƴ ǘƛƳŜΦ ¢ƘŜ ǇǊƻŎŜǎǎ ƻŦ 

ŎŀƭŎǳƭŀǘƛƴƎ ǘƘƛǎ ōŀǎŜƭƛƴŜ ƛǎ ŜȄŀƳƛƴŜŘ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΦ ¢ƘŜǎŜ ŎŀƭŎǳƭŀǘƛƻƴ ƳŜǘƘƻŘǎ ŀǊŜ ǘƘŜƴ ǾŜǊƛŦƛŜŘ ǳǎƛƴƎ ǊŜŀƭπ

ǿƻǊƭŘ Řŀǘŀ ŦǊƻƳ ŀ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǎƛǘŜΣ ŀǎ ǎǇŜŎƛŦƛŜŘ ƛƴ ¦/πI[лм ŀƴŘ ǎǳƳƳŀǊƛǎŜŘ ōŜƭƻǿΦ 

 

¦/πI[лм ǘŀƪŜǎ ŀŘǾŀƴǘŀƎŜ ƻŦ ŀ ǇǊƻǎǳƳŜǊ ǎƛǘŜ ƛƴ ¢ŜǊƴƛΣ LǘŀƭȅΣ ǿƘƛŎƘ ƛǎ ƳŀƴŀƎŜŘ ōȅ ǘƘŜ ŀƎƎǊŜƎŀǘƻǊ !{a ¢ŜǊƴƛΣ 

ƻƴŜ ƻŦ ǘƘŜ Ŝ5w9!a ŎƻƴǎƻǊǘƛǳƳ ƳŜƳōŜǊǎΦ ¢Ƙƛǎ ǎƛǘŜ ǿƛƭƭ ǳǘƛƭƛǎŜŘ ǘƻ ǘŜǎǘ tǊƻǎǳƳŜǊ 5w ŦƭŜȄƛōƛƭƛǘȅ ŀƎƎǊŜƎŀǘƛƻƴ Ǿƛŀ 

ǎƳŀǊǘ ŎƻƴǘǊŀŎǘΣ ǇǊƻǾƛŘƛƴƎ ŀ ǾŀƭƛŘŀǘƛƻƴ ǇƭŀǘŦƻǊƳ ǘƻ ǘŜǎǘ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƳŜǘƘƻŘǎ ŜȄǇƭƻǊŜŘ ƛƴ ǘƘƛǎ ŘŜƭƛǾŜǊŀōƭŜ ŀǎ 

ǿŜƭƭ ŀǎ ǎŜǊǾƛƴƎ ŀǎ ŀ ǇƭŀǘŦƻǊƳ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΦ ¢ƘŜ ŀƎƎǊŜƎŀǘƻǊ ǿƛƭƭ ŀŘƧǳǎǘ ǘƘŜ ǎǳǇǇƭȅ ŀƴŘ 

ŘŜƳŀƴŘ ŀƭƭƻǿƛƴƎ ŀ ŘŜŎŜƴǘǊŀƭƛȊŜŘ ŎƻƴǘǊƻƭΣ ǘƘŜ 5{h ǎƘƻǳƭŘ ƭƻƻƪ ŦƻǊ ŀƴŘ ōŜ ŀōƭŜ ǘƻ ŜǾŀƭǳŀǘŜ ƛƴ ŀ ŦƭŜȄƛōƭŜ ǿŀȅ 

ǘƘŜ ŀǾŀƛƭŀōƭŜ ǎŜǊǾƛŎŜǎ ŀƴŘ ŀŎǘ ƛƴ ǊŜǎǇƻƴǎŜΣ ŀƭƭƻǿƛƴƎ ǘƻ ƻǇǘƛƳƛȊŜ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ǎŜǊǾƛŎŜǎΦ 

 

 

Figure 8 Geographical location of Terni site 

 

¢ƘŜ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ ŀǘ ¢ŜǊƴƛ ŀǊŜΥ  

мύ aŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƻŦ ǎƻǳǊŎŜ ŀƴŘ ŘŜƳŀƴŘ ƛƴ ŀ ŘŜŎŜƴǘǊŀƭƛȊŜŘ ǎȅǎǘŜƳΣ  

нύ !ŎƘƛŜǾƛƴƎ ƻŦ ǊŜŘǳŎƛƴƎ ǘƘŜ ƻǾŜǊƭƻŀŘƛƴƎ ŀƴŘ  



eDREAM D3.2 Recommendations for baseline load calculations in DR programs V1 

 
 

31 
 

оύ !ǘǘŀƛƴƳŜƴǘ ŜƭŜŎǘǊƛŎŀƭ ƎǊƛŘ ǎǘŀōƛƭƛǘȅ ōȅ ƳŜŀƴǎ ƻŦ ǘƘŜ ŦƭŜȄƛōƛƭƛǘȅ ǇǊƻǾƛŘŜŘ ōȅ ŀŎǘƛǾŜ ƳƛŎǊƻπƎǊƛŘǎΦ  

¢ƘŜ ƻǇŜǊŀǘƻǊ ŦƻǊ ǘƘŜ ƳƛŎǊƻπƎǊƛŘǎ ƛǎ ǇǊŜǇŀǊŜŘ ǘƻ ǿƻǊƪ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ƴŀǘƛƻƴŀƭ ƎǊƛŘ ƻǊ ƴƻǘ ƛƴ ǘƘŜ ŎŀǎŜ ǘƘŀǘ ƛǘ 
ƛǎ ƴƻǘ ŎƻƴƴŜŎǘŜŘ ƛǘ ǿƻǊƪǎ ŀǎ ŀƴ ƛǎƻƭŀǘŜŘ ƎǊƛŘΦ Lƴ ōƻǘƘ ŎŀǎŜǎ ǘƘŜ ǇǊƻǎǳƳŜǊǎ ŀƴŘ ǘƘŜ ŎƻƴǎǳƳŜǊǎ ǎǳōǎŎǊƛōŜŘ ǘƻ 
ǘƘŜ 5w ǇǊƻƎǊŀƳ ƳŀƪŜ ǘƘŜƛǊ ŎŀǇŀŎƛǘȅ ŀƴŘ ŜƴŜǊƎȅ ŦƭŜȄƛōƛƭƛǘȅ ŀǾŀƛƭŀōƭŜΣ ŀƴŘ ǘƘŜƴ ǘƘŜȅ Ŏŀƴ ŀŎŎŜǇǘ ǎƳŀǊǘ ŎƻƴǘǊŀŎǘǎΣ 
ǘƘŜ ŎƻƴǘǊŀŎǘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ǘƘŜ ŘŜƳŀƴŘ ǘƘŀǘ ƛƴ ǘǳǊƴ ƛǎ ŜǎǘƛƳŀǘŜŘ ōȅ ǘƘŜ 5{hΦ ! 5{h ƛǎ 
ŀōƭŜ ǘƻ ŦƛƴŘ ǘƘŜ Ǉƻƛƴǘǎ ƻŦ /ƻƳƳƻƴ wŜŦŜǊŜƴŎŜ hǇŜǊŀǘƻǊ ό/whύ ŀƴŘ ǎŜƴŘ ŀ ŦƭŜȄƛōƭŜ ǊŜǉǳŜǎǘΣ ŀƴŘ ǘƘŜƴ ǘƘŜ 5{h 
Ŏŀƴ ŀŎŎŜǇǘ ǘƘŜ ŎƻƴǘǊŀŎǘǎ ŀƴŘ ǘƘŜ ŀƎƎǊŜƎŀǘƻǊǎ ŎƻƴǘǊƻƭ ǘƘŜ ƭƻŀŘ ƻŦ ǘƘŜ ǇǊƻǎǳƳŜǊǎ ǘƻ ƪŜŜǇ ǘƘŜ ǎȅǎǘŜƳ ŦƭŜȄƛōƭŜΦ 
hƴŎŜ ǘƘŜ ŎƻƴǘǊŀŎǘ ƛǎ ŀŎŎŜǇǘŜŘΣ ǘƘƛǎ ŎƻƴǘǊŀŎǘ ǿƻǊƪǎ ŀǎ ŀƴ ǳƴǊƻƭƭŜŘ ŎƻƴǘǊƻƭ ǘƻƻƭΣ ŀƭƭƻǿƛƴƎ ǘƘŜ ǇŀǊǘƛŜǎ ǘƻ ƪƴƻǿ 
ǿƘŀǘ ǘƘŜƛǊ ǊƻƭŜ ƛǎ ƛƴ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƎǊƛŘΦ 9ŀŎƘ ǇŀǊǘȅ ǎƛƎƴǎ ŀ ŎƻƴǘǊŀŎǘ ƛƴ ǊŜŀƭ ǘƛƳŜΣ ŀƴŘ ǘƘŜ ǇǊƻǎǳƳŜǊ Ƙŀǎ ǘƻ ǳǎŜ 
ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ōŀƭŀƴŎŜ ǘƘŜ ōŀǎŜƭƛƴŜ ƻƴ ǘƘŜƛǊ ƻǿƴΦ ¢ƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ǘƻ ŜǎǘƛƳŀǘŜ Ƙƻǿ ƳǳŎƘ ȅƻǳ ǎƘƻǳƭŘ 
ƳƻŘƛŦȅ ȅƻǳǊ ǇǊƻŦƛƭŜ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǎǘǳŘȅ ƻŦ ǘƘŜ /.[ ǇǊƻŦƛƭŜΦ  

! ƎƻƻŘ ŦƻǊŜŎŀǎǘƛƴƎ ōŀǎŜƭƛƴŜ ƴŜŜŘǎ ŀƴ ŀƴŀƭȅǎƛǎ ƻŦ ƘƛǎǘƻǊƛŎŀƭ ŘŀǘŀΦ Lƴ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿŜ ƘŀǾŜ Řŀǘŀ ŦǊƻƳ т ŘƛŦŦŜǊŜƴǘ 
ōǳƛƭŘƛƴƎǎΣ ƛƴ Lǘŀƭȅ ǘƘŜǎŜ Řŀǘŀ ŀǊŜ ǳǎŜŘ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ōŜƘŀǾƛƻǳǊ ƻŦ ǘƘŜ ōŀǎŜƭƛƴŜΦ Lƴ ǘƘƛǎ ǎǘǳŘȅ ǘƘŜ ǘȅǇŜǎ ƻŦ 
ōŀǎŜƭƛƴŜ ŦƻǊŜŎŀǎǘƛƴƎ ǳǘƛƭƛȊŜŘ ŀǊŜΥ ά.ŀǎŜƭƛƴŜ Lέ ŀƴŘ ά.ŀǎŜƭƛƴŜ ƳŜǘŜǊ ōŜŦƻǊŜ ƳŜǘŜǊ ŀŦǘŜǊέΣ ŀƴŘ ǘƻ ǎŜŜ Ƙƻǿ ǘƘŜ 
ǎƛȊŜ ƻŦ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ǎŀƳǇƭŜ ŀŦŦŜŎǘǎ ǿƛƴƎ ǇǊŜŘƛŎǘƛƻƴΣ ƛŦ ǘƘŜȅ ƳŀŘŜ ǘǿƻ ŀǇǇǊƻȄƛƳŀǘƛƻƴǎΣ ƻƴŜ ǿƛǘƘ ǘƘŜ Řŀǘŀ ƻŦ ŀ 
ǿŜŜƪ ŀƴŘ ŀƴƻǘƘŜǊ ǿƛǘƘ ǘƘŜ Řŀǘŀ ƻŦ о ǿŜŜƪǎΣ ŀƭƭ ǘƘŜ 5ŀǘŀ ǳǎŜŘ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ƳƻƴǘƘ ƻŦ {ŜǇǘŜƳōŜǊ 
ƻŦ ǘƘŜ ȅŜŀǊ нлмуΥ 

¢ƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭ ǳǎŜŘ ǘƻ ƳŀƪŜ ǘƘŜ /.[ ǿŀǎΥ 

- CƻǊ ǘƘŜ .ŀǎŜƭƛƴŜ ƳŜǘŜǊ ōŜŦƻǊŜπŀŦǘŜǊ 

ὰȟ ὰ ȟ

В ὰȟ ὰ ȟ

ὲ ρ
 

9ǉǳŀǘƛƻƴ мт 

 

 

- CƻǊ ǘƘŜ .ŀǎŜƭƛƴŜ L 

ὰȟ
В ὰȟ
ὲ ρ

 

9ǉǳŀǘƛƻƴ му 
 

 

[ ƛǎ ǘƘŜ ƭƻŀŘΣ ŀƴŘ ƛǘ ƛǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ǘƛƳŜ ƻŦ Řŀȅ ŀƴŘ ŘŀȅΣ ōŜƛƴƎ ƴ ǘƘŜ ƳƻƳŜƴǘ ǿŜ ǘǊȅ ǘƻ ǇǊŜŘƛŎǘΣ ŀƴŘ ƴπм 
ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ǿŜ ǳǎŜ ǘƻ ƳŀƪŜ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴΦ 

 

Figure 9 Baseline example 










































