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Overview

Distributed generation (DG) systems provide a mechanism for individual electricity customers to generate energy locally rather than drawing from the power grid. During periods of normal operation this provides an energy savings benefit to DG-enabled electricity customers, which has been well-discussed in the existing literature (e.g., Siler-Evans et al., 2012). We focus on another important source of benefits, namely those related to decreasing or avoiding the costs associated with power blackouts. These system benefits have both a “private” component that accrues to the DG owner/operator and a “social” component that accrues to all other grid-connected customers. When blackouts do occur, DG-enabled customers will be able to continue to receive electric service from local generation, provided that fuel supplies are not interrupted. This is the private benefit accruing to the DG owner/operator. If DG units are deployed at scale and operated in such a way as to decrease stress on power grids during times of peak demand, these DG units provide a risk-reduction service to the grid as a whole (the “social” benefit) by reducing the probability of blackouts occurring. Using the Mid-Atlantic power grid as a case study, we use historical blackout data to estimate season-specific blackout risk as a function of total demand for grid-provided power and estimate the risk reduction associated with a modest deployment of DG, in the form of Combined Heat and Power (CHP) installations throughout the Mid-Atlantic commercial building sector. Our analysis suggests that deployment of 1,000 building-integrated CHP units in the Mid-Atlantic would confer benefits of $2 million to $2.5 million per year to CHP owners. We estimate social benefits, in the form of blackout risk reduction, amount to $14 million to $40 million per year. The magnitude of these benefits is most sensitive to how building-integrated CHP units are operated. 
Methods

Our approach integrates four separate modelling components: An econometric model of blackout risk in the Mid-Atlantic region (the PJM transmission grid); an econometric model of locational electricity prices within PJM; a simulation model of building-integrated CHP operation; and building energy models that generate electricity demands for commercial buildings with and without integrated CHP. Each of these modelling elements is described briefly below:
(1) Our econometric model for blackout risk is estimated using a rare-events logit approach, using data on reported blackouts within the PJM region reported to the U.S. Department of Energy (excluding those related to extreme weather) and data from PJM on historical hourly system loads. We estimate a rare-events logit model that estimates the likelihood of a blackout being initiated in each hour as a function of electric loads in PJM and temporal characteristics such as seasons and time of day.  (We compare our results from the rare-events logit model with those of a conventional logit model and find few differences in estimated blackout probabilities.) We also estimate an econometric model for blackout duration as a function of blackout size (customers affected) and temporal variables.
(2) Locational electricity prices within PJM are estimated using the econometric approach developed in Sahraei-Ardakani and Blumsack (2014), which estimates locational supply curves within regional power grids that accounts for spatial differences in fuels utilization and congestion on the electric transmission grid. This model utilizes hourly demand and pricing data from PJM, as well as fuel prices from the U.S. Energy Information Administration.

(3) CHP usage profiles are developed for specific commercial building types using the BCHP tool available from the U.S. Department of Energy.

(4) Building energy profiles with and without CHP are developed using the BCHP tool and a building-integrated CHP assessment approach from the Berkeley National Laboratory.

Our overall modelling approach is to estimate baseline hourly blackout risk and locational electricity price profiles for the PJM region. We then simulate hourly energy profiles for up to 1,000 commercial buildings in PJM with and without integrated CHP systems. As more buildings add CHP systems, these customers save on electricity costs and the building energy loads removed from the grid will lower wholesale power prices. These two effects together constitute the private benefit of CHP adoption by commercial buildings. Removing loads from the grid and placing them on CHP also reduces the risk of blackouts, which amounts to the social value in our study. This social value of blackout risk reduction is monetized using an approach suggested by Sullivan, et al. (2010).
Results

Our econometric model for blackout risk suggests that electric loads and temporal variables are all statistically significant predictors of the hourly probability of a blackout being triggered. All estimated coefficients have the expected signs – blackouts other than those instigated by extreme weather events are more likely to be triggered during high-demand periods in the winter and the summer. Blackout durations can be expected to be longer when a larger number of customers are affected. 
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Conclusions

CHP units operated to ameliorate peak demand can benefit electricity consumers in two ways. First, CHP-enabled customers can continue to receive electricity service even when power-grid interruptions occur, as long as fuel supplies are not interrupted. This “private reliability benefit” would amount to between $2 and $2.5 million per year with a deployment level of 1,000 CHP units throughout the Mid-Atlantic region. The average private benefit would thus amount to $2,000 to $2,500 per year. The energy-savings benefit is generally larger than the private reliability benefit, suggesting that building-integrated CHP units have little private incentive to operate in a way that maximizes blackout risk reduction for the grid as a whole. We estimate that the social benefits of blackout risk reduction amount to $39 million annually (or $39,000 per CHP unit) when CHP is operated in a way to follow electrical load during peak periods. Our estimated social benefits are lower - $14 million annually for deployment of 1,000 CHP units ($14,000 per unit) when CHP is operated to follow thermal load. 
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