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Overview

Demand Response (DR) participates in the capacity, day-ahead, real-time, synchronized reserves, and regulation markets in PJM.  This requires that PJM establish methods of measurement and verification for DR in order to ensure the reliability of the electricity grid and fairly compensate DR resources.

Quantifying the DR provided is a unique challenge since it requires measuring the amount of energy that was not consumed.  PJM does this by establishing a customer baseline (CBL) which is the quantity of energy assumed to be used in the counterfactual situation where the resource did not participate in DR.  The amount of load reduced is then the difference between the CBL and the measured load. 
In this case study I will discuss issues that PJM faces in developing reasonably accurate CBLs for variable load.  I will discuss the process, methods and policy constraints involved in developing PJMs 2 newest CBLs.

I first give an overview of the economic, policy, and regulatory settings that DR in PJM operates under. In the second section I discuss constraints and policy drivers behind establishing measurement and verification methods.  In section three I describe the different methods of establishing CBLs that PJM uses.  In section four I detail how PJM developed its two newest CBLs. Section five explains how PJM allows market participation for resources where the load cannot be reasonably forecasted, by minimizing the potential for payment when the resource did not actually reduce load. I will conclude by discussing what the existing methods lack, what new methods would be useful to PJM and the real constraints that make implementation of new methods a challenge.
Methods
We took a sample of 110 highly variable demand response resources in the PJM footprint, with at least 2 months of hourly data.  We then tested a variety of forecasting methodologies to be used as CBLs and assessed the accuracy of these estimators using the relative root mean square error and bias.  The forecasting methods we tested include: ARIMA models, a variety of moving averages (with various adjustments), moving medians, same day averages and least square estimation.
Results
PJM chose to add two of the tested methodologies to its suite of CBLs. The criterion that was used to select the new CBLs was: the methods that would allow the greatest number of variable customers to participate in PJM’s economic demand response markets by reducing the relative root mean square error of the CBL method to within PJMs allowable range, without being substantially biased.  One CBL is the Same Day (3+2).  In this method, 3 hours that occur before an economic event are averaged with two hours after the event to establish the CBL.  The second method is the Match Day (3 day average).  This CBL finds three similar days to the event day by selecting three days with the minimum least square distance between measured load, and then average those three days to establish the CBL.
Conclusions
The two new CBL methods allow 42% of highly variable resources to participate in the PJM economic markets.  These resources previously could not participate in PJMs economic markets because there was no accurate way to establish their CBL.  There are still many challenges to M&V for DR in PJM.  It is extremely hard to establish a CBL for resources that shift load to other hours in the same day.  It is difficult for PJM to detect when a resource is shifting load to raise its CBL.  Resources that are highly weather dependent and shift load are particularly difficult to forecast. The policy process involves all the PJM stakeholders and makes it difficult to add CBL methods that are difficult to understand (like an ARIMA model). 
