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Overview
Various carbon abatement policies have been proposed or enacted in the electricity sector: a price on carbon, subsidies for low carbon electricity sources, or renewable portfolio standards.  While these policies have been enacted, electricity markets have changed due to the advent of cheap shale gas and the global recession of 2008.  With these events now in hindsight, we examine the cost effectiveness and market effects of proposed carbon abatement policies in the electricity sector.

Since we may have an abundance of gas and a reduced need for new power plants due to the recession, many are calling for gas to displace coal.  One challenge with this policy is that it leads to a dependence on volatile gas prices.  Second, it is unclear how this fuel switch would be instigated.  Taxes and subsidies have divergent effects on market clearing prices and each have undesirable effects for various interest groups.

We examine the cost effectiveness and the amount of carbon displaced by carbon taxes, subsidies, and renewable portfolio standards by modeling the dispatch of PJM and ERCOT in 2012 under various gas prices, carbon prices, and renewable portfolio standards.
Methods
To estimate the effect of the carbon abatement policies above, we constructed a dispatch model of two major regions: PJM and ERCOT.  Data for these costs and emissions were garnered from Ventyx Velocity Suite which enables us to estimate the marginal costs of all generators in the region.  For this analysis: transmission constraints were neglected and hourly demand, less available renewable generation, was met using fossil generation under various natural gas price and carbon incentive regimes.

We modeled the following policy scenarios for each region varying the gas price from $4 to $8/MMBTU.  
1. Carbon taxes from $25 to $100/t CO2 
1. Carbon credits for natural gas plants equivalent to $25 to 100/t of CO2 (scaled dependent on carbon intensity)
2. Increase wind enegy penetration from 2012 levels to 20%.  (In PJM and ERCOT, 1.8% and 9.2% of electricity was produced by wind in 2012, respectively.)

For each policy scenario, we estimate the amount of carbon displaced and the cost effectiveness of the displaced carbon.  To estimate cost effectiveness, we record the hourly marginal fuel and variable O&M costs to generators, the hourly market clearing price, and the amount of revenue either collected from taxes or required for subsidies.  

We examine cost effectiveness from two perspectives.  The first perspective is social.  This assumes that profits and carbon taxes in the energy markets are wealth transfers and are neutral from a social perspective.  In the second perspective, we look from the consumer (PUC or rate-payer) point of view.  Consumers pay the market clearing price, which is received by all active generators in the electricity market at that time.  However, the carbon taxes paid by generators is theoretically received by consumers either through lower taxes elsewhere or government spending.  In the consumer perspective, the costs include all revenue received by generators dictated by the market clearing price; less carbon tax revenue collected by government.       
Results
Carbon taxes have the effect of raising the market clearing price by adding to the marginal cost of coal and gas generators; which set the market clearing price.  In order to achieve carbon abatement, the tax must place gas generators ahead of coal in the dispatch stack.  The level of taxation necessary to do this is dependent on the natural gas price, coal prices, and the efficiency of existing generators.  For simplicity, we assumed that the price of coal to generators was constant.

From a social perspective, the cost effectiveness of a carbon tax is less uncertain because taxes and increased profits to existing nuclear generators are considered a wealth transfer.  In the PJM and ERCOT region, we found that carbon tax or carbon subsidies were similarly cost effective.  Under the $4/MMBTU scenario, carbon taxes lead to cost effective carbon abatement at about $10 to $30/t CO2.  In PJM, carbon intensity dropped 20% to 30% while carbon intensity dropped 35% to 45% in ERCOT.  The difference in carbon displaced between regions is due to the fact that ERCOT has far more gas capacity than PJM.  For the $8/MMBTU scenario, carbon taxes lead to cost effective carbon abatement at about $15 to $60/t CO2 dependent upon the level of taxation.  In PJM, carbon intensity dropped only 3% to 25% while carbon intensity dropped 5% to 45% in ERCOT.

From the consumer perspective, results were quite different.  The position of nuclear generators in the dispatch stack in unchanged by carbon taxes, but the market clearing price is raised substantially.  Therefore, raising the market clearing price is an appreciable wealth transfer payment from consumers to nuclear genearators.  In the PJM region, the cost effectivness of carbon taxes were completely different than in ERCOT since PJM has far more nuclear generation.  In ERCOT, cost effectiveness from the consumer perspective was similar to to the social perspective because carbon taxes were transferred back to consumers, not nuclear generators.  In the PJM region, however, results were quite different.  With gas prices at $4/MMBTU, the cost to consumers per tonne of CO2 offset was between $80 to $250/t CO2.  However, in the $8/MMBTU case, the cost to consumer per tonne of CO2 offset was between $250 to $1000.  In the high gas cost case in PJM, the market clearing price was set by gas and the carbon tax raised the market clearing price, but did not place gas ahead of coal in the dispatch stack.  The result from a consumer perspective was a large wealth transfer payment to nuclear generators and a small amount of carbon displaced.

For the cost effectiveness of renewable portfolio standards, we assumed that wind plants had bilateral contracts at a cost of $100/MWh (including variability and transmission costs).  Given that renewables offer very little equivalent load carrying capability and that existing fossil fuel generators have sunk costs, we assume that renewable energy offsets only the marginal costs of fossil fuel generators, not the capital costs.  From the social perspective, results were similar between both regions.  In the $4/MMBTU case, wind offset the marginal generator at a cost of about $100/t CO2.  In the $8/MMBTU case, wind offset the marginal generator at a cost of about $60 to $80/t CO2.

The cost effectiveness of renewable portfolio standards were quite different from the consumer perspective as well.  Wind decreases the market clearing price, and those savings are passed on to customers.  In the $4/MMBTU case, wind’s cost effectivness was around $80/t CO2.  In the $8/MMBTU case, however, the cost effectiveness of wind lowered to $10/t CO2 offset because wind lowered the market claring price previously set by expensive gas.
Conclusions
Carbon taxes may be the most economically efficient means of abating carbon, but efficiency is dependent on perspective.  From a consumer perspective, a carbon tax may be extremely inefficient.  In the case of PJM, if the carbon tax does not lead to fuel switching, the most notable outcome of a carbon tax may be a transfer of wealth to nuclear generators.  One could argue that the raised market clearing price would lead to new nuclear or CCS power plants.  However, a $100 carbon tax paired with $8/MMBTU gas would raise the average market clearing price to only $120/MWh, and it is unclear whether that would induce a large amount of new nuclear or CCS development.

Policymakers must also be cognizant of the effect of carbon abatement policies on the market clearing price.  Carbon subsidies and renewable portfolio standards lower the market clearing price and may be considered cost effective to consumers.  However, decreased profits in the energy markets may lead to increased costs in capacity markets.  In ERCOT, where there is no capacity market, decreased market clearing prices could lead to a shortage of electricity since new generators that provide capacity would not be incentivized to build.

[bookmark: _GoBack]To conclude, policymakers should be cognizant of the volatility of natural gas prices and the subsequent effect of carbon abatement policies on the market clearing price.  This will influence the cost effectivness of policies and whether new (low carbon) generation will be developed.
