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Module 1. Introduction 

Learning Objectives 
By the end of this section, you will be able to: 

• Identify the economic and technical factors that hinder the adoption of energy efficiency 

technologies in the power sector. 

• Evaluate the comparative cost-effectiveness of traditional performance standards, flexible 

standards, and emissions taxes. 

• Analyze the relationship between coal price fluctuations, heat rate reductions, and unit 

utilization. 

Executive Summary: This course analyzes the abatement opportunities and costs associated with 

improving the efficiency of existing coal-fired electricity units in the United States. While engineering 

assessments suggest significant low-cost opportunities, actual adoption is influenced by unobserved 

costs, performance gaps, and the "rebound effect," where increased efficiency leads to higher 

utilization. This study demonstrates that while efficiency gains of up to 6% are technically possible, the 

cost-effectiveness of policies depends heavily on how they influence both heat rates and generation 

output. 

The Energy Efficiency Debate 
There is a significant professional debate regarding the costs and effectiveness of energy efficiency 

investments. Engineering assessments often identify "negative cost" opportunities where savings 

outweigh investment, yet firms frequently do not adopt these measures. 

Factors Limiting Technology Adoption 
Previous research identifies four primary reasons why optimistic engineering estimates may be 

incomplete: 

• Unobserved Costs: Hidden expenses that analysts do not observe which hinder adoption. 

• Effectiveness Gaps: New technologies may perform less effectively in the field than expected. 

• Missing Market Data: Overestimating opportunities due to a lack of data on existing market 

penetration. 

• The Rebound Effect: Adopting efficient technology reduces its cost of operation, which can 

increase its use and offset emissions reductions. 

Regulatory Context: The Clean Air Act 
Since legislative approaches to climate policy stalled in the U.S. Congress, the Clean Air Act (CAA) has 

assumed the central role in developing regulations to reduce greenhouse gas (GHG) emissions. 
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• Coal Fleet Impact: Coal-fired generators account for approximately one-third of annual U.S. CO2 

emissions. 

• EPA Estimates: The agency suggests average efficiency improvements of 2% to 5% may be 

achieved at these facilities. 

• Abatement Potential: After controlling for technical factors like boiler design, size, and vintage, 

fleetwide emissions rate reductions of up to 6% may be technically feasible. 

Metrics and Policy Frameworks 
Efficiency is measured by the heat rate—the ratio of heat input to electricity generated. 

Comparison of Policy Alternatives 

The study compares four primary policy types designed to incentivize heat rate improvements: 

• Traditional Standards: Require all units exceeding a target to improve without regard to relative 

cost-effectiveness, often triggering a high rebound effect. 

• Flexible Standards: Use benchmark rates and tradable credits to promote lowest-cost 

improvements. These create an opportunity cost on heat rates but also an output subsidy that 

can increase generation. 

• Emissions or Fuel Taxes: Raise the cost of using fuel directly, creating the smallest rebound 

effect. 

Empirical Findings and Price Sensitivity 
Analysis of the relationship between coal prices and heat rates provides a proxy for the cost of 

technology adoption. 

• Heat Rate Response: A 10% increase in coal prices reduces heat rates by 0.2% to 0.5%. 

• Utilization Response: A 10% increase in coal prices reduces unit utilization by 2% to 6%. 

• Carbon Tax Equivalent: A coal price increase commensurate with a $10 per ton tax on CO2 

would stimulate a 1% to 2% heat rate reduction. 

    Safety Constraint: Underestimating the rebound effect—where efficiency gains lead to increased 

generation—can lead to an overestimate of total emissions reductions. 

      Design Tip: Flexible standards are generally more cost-effective than traditional standards because 

they promote the lowest-cost efficiency improvements rather than requiring changes at all units. 
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       Calculation Note: To determine unit efficiency, use the heat rate formula: 

Equation 1-1: 

HR = HI / G 

Where: 

• HR = Heat Rate (mmBtu/MWh) 

• HI = Heat Input (mmBtu) 

• G = Electricity Generated (MWh) 

Checkpoint Quiz 

1. Which factor refers to the phenomenon where adopting energy-efficient technology reduces its 

cost of operation and increases its use? 

a) Opportunity cost 

b) Output subsidy 

c) The rebound effect 

d) Heterogeneous abatement cost 

Answer: (c). The rebound effect occurs when the lower operating cost resulting from efficiency gains 

leads to increased usage, potentially offsetting emissions reductions. 

2. How does a flexible performance standard influence generation incentives compared to a tax?  

a) It eliminates the opportunity cost of using fuel. 

b) It provides an output subsidy through the allocation of credits based on generation. 

c) It mandates that all units meet the target without allowing credit sales. 

d) It prevents any increase in utilization at over-complying units. 

Answer: (b). Flexible standards allocate credits based on generation, which acts as an output subsidy 

and can incentivize increased generation. 

3. According to the study's empirical results, what is the effect of a 10% increase in coal prices on 

unit utilization? 

a) A reduction of 0.2% to 0.5% 

b) A reduction of 2% to 6% 

c) An increase of 10% 

d) No significant effect on utilization 

Answer: (b). The study found that a 10% increase in coal prices reduces unit utilization by 2% to 6%. 
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Module 2. The Clean Air Act 

Learning Objectives 
By the end of this section, you will be able to: 

• Identify the legal precedents and regulatory findings that grant the EPA authority to regulate 

greenhouse gases (GHGs). 

• Evaluate the impact of New Source Review (NSR) and performance standards on the operation 

of stationary facilities. 

• Analyze potential abatement strategies for power plants, including incremental efficiency 

improvements and fuel switching. 

Executive Summary: The Clean Air Act (CAA) provides the EPA with broad authority to mitigate air 

pollution, a power specifically affirmed for greenhouse gases by the Supreme Court in 2007. Current 

regulatory focus is shifting from transportation and new construction to the operation of existing 

stationary sources, which account for over one-third of U.S. GHG emissions. While the EPA suggests 2% 

to 5% efficiency gains are possible at moderate costs, the actual magnitude of these opportunities 

across a heterogeneous fleet remains a subject of ongoing technical examination. 

Regulatory Authority and Legal Precedents 
The modern legal framework for greenhouse gas regulation is rooted in the 1970 Clean Air Act and 

subsequent judicial interpretations: 

• Broad Authority: The CAA conveys the power to develop regulations to mitigate harm from air 

pollution. 

• Massachusetts v. EPA (2007): The Supreme Court affirmed the EPA's authority to regulate GHGs 

under the CAA. 

• Endangerment Finding: Following the 2007 ruling, a formal science-based determination found 

that GHGs endanger human health and the environment, compelling regulatory action. 

Implementation Timeline for GHG Regulations 
EPA regulatory actions have followed a phased approach across different sectors of the economy: 

• Transportation (2011): Implementation of CO2 emissions standards for passenger vehicles, 

medium-duty trucks, and heavy-duty trucks. 

• Construction Permitting: Establishment of New Source Review (NSR) regulations for major new 

and modified sources, including industrial facilities and power plants. 

• Stationary Source Performance Standards: Development of standards affecting the actual 

operation of stationary facilities. 
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Performance Standards for Power Plants 
Setting performance standards for existing sources is nearly unprecedented in EPA history, as the 

agency has traditionally focused on new sources. 

• Initial Targets: Standards expected in 2013 target new steam boilers fueled by coal, oil, and 

natural gas. 

• Existing Facilities: Following new source standards, the EPA is required to develop similar 

regulations for existing facilities in the same category. 

• Emissions Significance: These stationary sources represent more than one-third of total GHG 

emissions in the United States. 

Abatement Strategies and Efficiency Improvements 
In principle, electricity generators have several pathways to meet new regulatory requirements: 

• Fuel Switching: Moving from high-carbon fuels to lower-carbon alternatives. 

• Incremental Efficiency: Making operational adjustments to improve the heat rate of existing 

equipment. 

• Technology Adoption: Implementing new, energy-efficient technologies. 

      Design Tip: EPA indications suggest that upcoming regulations will likely encourage efficiency 

improvements that do not require large-scale substitution of fuels or technologies. 

    Safety Constraint: While the EPA suggests an average efficiency improvement potential of 2% to 5%, 

engineers must account for heterogeneity across plants. Technological, geographic, and economic 

factors can make operational improvements significantly more expensive or difficult in certain 

situations. 

Research Gaps in Efficiency Opportunities 
Despite EPA projections, a comprehensive examination of actual fleet-wide opportunities has been 

lacking: 

• Heterogeneity: Variation across facilities suggests potential for improvement, particularly at the 

least efficient plants. 

• Existing Incentives: It is conjectured that some cost-saving incentives already exist, meaning 

some "low-hanging fruit" may have already been addressed. 

• Uncertainty: To date, the exact magnitude and cost of potential emissions reductions remain a 

critical area of study for the industry. 
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