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Impacts of Fuel Economy Standards

• Improved engine efficiency

• Improved vehicle performance and fuel efficiency 

Estimating the impacts of standards using cost-benefit analysis 

- One of the factors agencies consider when determining 

appropriate standards to propose

- Costs and benefits of proposed standards are often compared to 

a baseline scenario without such standards
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Assessing the Costs of Fuel Economy Standards (1) 
(Anderson et al., 2011) 

Engineering Approach

- Increase fuel-saving technologies 

•Costs and fuel savings assessed for 
different technologies

•Estimates of lifetime fuel savings 
subtracted from technology 
adoption costs

Market-Modelling Approach

- Broader behavioural responses

•Simulate effects of fuel economy 
standards on gasoline consumption, 
automaker profits and consumer 
welfare

•Vehicle production costs depend on 
fuel economy and technology cost 
assessments

•Consumer demand functions 
derived from econometric models or 
elasticities
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Assessing the Costs of Fuel Economy Standards (2) 
(Anderson et al., 2011) 

Engineering Approach

• US$900 in incremental technology costs for 
the average new vehicle in 2016 but 
generate about US$3,200 in fuel savings 
and other private benefits (e.g., reduced 
refueling time)

• Negative net private cost of US$2,300 per 
vehicle (NHTSA, 2010)

Market-Modelling Approach

• Standards impose non-negligible costs on 
automakers and consumers

• Short run cost estimates for a small 
increase in the CAFE standard > long run 
cost estimates by a factor of 2 – 3

• Gasoline taxes can be more cost-effective 
than CAFE standards, especially in the short 
run 
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Cost-Benefit Assessments

• Health benefits 

- Reductions in local air pollutants 

• Climate benefits 

- Reductions in carbon emissions 

• Oil savings 

- Including improved energy security

• Compliance costs 

- Auto and fuel industries 
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Vehicle CO2 Emissions and Fuel Economy Standards
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Source:  ICCT, 2014

Passenger Vehicle Standards Light Commercial Vehicle/ Light Truck  Standards



Cost Effectiveness 
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• MC for reducing fuel consumption 
per mile for high-cost and low-
cost firms 

• Costs of meeting  𝑓 gallons per 

mile (average standard) are min 
when fuel consumption per mile is 
reduced to 𝑓𝐻 and 𝑓𝐿

• Different marginal compliance 
costs across firms

• Efficiency loss = difference 
between shaded areas

• τ = feebate



Technology Costs

• Direct costs depend on three factors

- Inherent production costs

- Timing of investments (i.e. to recover existing sunk costs)

- Market risk

• Declining costs could occur with cumulative production

• Some technologies are more appropriate in some regions than others

• Technologies are consistent across regions
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Cost Effectiveness Analyses of Fuel Economy 
(ICCT, 2015) 

9



European Commission (2015) – CBA for HDV 

• Overview of the national manufacturing industry (truck)

• Overview of possible policy and technical measures  

• Testing options of GHG emissions from vehicles 

- Chassis dynamometer measurements

- On-road testing with PEMS 

- Simulation tool and component testing

• Analysis of certification and validation costs for industry, and monitoring

and reporting costs for industry and government

10



Simulation Tool

• VECTO (HDV) 

- Simulate CO2 emission and fuel consumption of each vehicle 

produced, based on input data of vehicle components

- Developed by the European Commission for 17 vehicle classes

Certification procedure ensures CO2 and fuel consumption values are 

comparable between manufacturers, verifiable by a third party and 

monitorable by authorities 
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Transition and Annual Cost Estimates - HDV 
(European Commission – DG CLIMA, 2015)
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D1-Simulation & component test; D2-Simulation & reduced effort 
component testing; D3-Chassis dynamometer; D4-On-road testing; 
D5-Simulation & transient engine testing 



US EPA Regulatory Impact Analysis (2010) (1)

• The US Environmental Protection Agency (EPA) and the National Highway 

Traffic Safety Administration (NHTSA) established new LDVs standards to 

reduce GHG emissions and improve fuel economy

• The standards require vehicles to meet an estimated combined average 

emissions level of 250 grams of CO2 per mile in MY 2016 under EPA’s GHG 

program, and 34.1 mpg in MY 2016 under NHTSA’s CAFE program 

• Approximately 960 million metric tons of CO2 emission reductions and 1.8 

billion barrels of oil savings over the lifetime of vehicles sold in model years 

2012 through 2016. 
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US EPA Regulatory Impact Analysis (2010) (2)

Methodology

• Development of technology costs and effectiveness 

• Uncertainty and sensitivity analyses (EPA)

- Associated with quantified and monetized non-GHG health impacts

• Monte Carlo simulation (NHTSA) 

- Variation around chosen parameters and their impact on fuel savings

- Parameters include technology costs, technology effectiveness, fuel prices, 

oil consumption externalities and rebound effect 
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• Vehicle technology packages are inputs to EPA’s Optimization Model for Emissions 

of Greenhouse gases from Automobiles (OMEGA) 

- Inputs: vehicle fleet; technology type (cost & effectiveness); vehicle operational 

data; CO2 emission standards   

• Vehicle packages represent potential ways of meeting the CO2 standards

• Major technology upgrades that affect multiple systems of the vehicle occur at the 

vehicle redesign stage and not between redesigns

 Five year redesign cycle = each vehicle platform undergoes one full  

redesign during EPA’s regulatory timeframe

• 19 vehicle types used to model entire fleet
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Technology Packages, Cost and Effectiveness (EPA, 2010) (1)



• Cost estimates and effectiveness estimated for five vehicle classes

• Technologies are 

- Engine-related (e.g. turbocharging)

- Transmission-related (e.g. six forward gears in place of four)

- Accessory-related (e.g. electronic power steering)

- Vehicle-related (e.g. low rolling resistance tires)

• EPA assumes manufacturers bundle technologies into packages to capture 

synergies 

• Multiple technology packages were created within each of the 19 vehicle types
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Technology Packages, Cost and Effectiveness (EPA, 2010) (2)



Fleet-wide Costs in 2016

• OMEGA model and technology cost 

results (per vehicle)
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US EPA Regulatory Impact Analysis Results (1)

Source: US EPA, 2010



Emission Impact 

• Total reductions estimated to be 

307 MMTCO2eq / year by 2030

• Equivalent to 21% reduction in 

US car and light truck emissions 

compared to reference scenario

• 23% reduction in 2050 compared 

to control case

• Small changes for criteria 

emissions
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US EPA Regulatory Impact Analysis Results (2)

Source: US EPA, 2010
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US EPA Regulatory Impact Analysis Results (3)
GHG Emissions and Fuel Savings

Source: US EPA, 2010

Model Year Lifetime Fuel Savings and GHG Reductions



20

US EPA Regulatory Impact Analysis Results (4)

Source: US EPA, 2010

SCC = Social Cost 

of Carbon 

Present value 

depends on 

discount rate



Key Challenges

• Selection of baseline is important for assessing costs and 

effectiveness of technologies 

• Benefits are more complicated to estimate than costs 

- Some climate variables are difficult to quantify and/or monetized

• Payback period varies by region, more difficult to estimate for HDVs

• Uncertainty about future performance and cost of technologies
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Cost-Benefit Analyses for Emissions Regulations 
(ICCT, 2015)
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Example: Mexico’s Heavy-duty Emission Standards (1) 
(ICCT, 2014)

Background

• Existing Norma Official Mexicana 044 (NOM 044) regulation 

requires new vehicles to meeting EPA 2004 or Euro IV standards 

• New standards require manufacturers of HDVs to meet EPA 2010 

or Euro VI standards

• ICCT conducted a cost-benefit analysis through the year 2037  

• The analysis includes effects on public health and climate, and 

incremental vehicle and operation costs
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Analysis Framework

• Consistent with EPA’s guidelines

• Costs and benefits of proposed changes to the NOM 044 

regulation were estimated in comparison to maintaining current 

emission limits

• Present value depends on discount rate

• Identifying most important determinants of costs and benefits

• Analysis of uncertainties

• Sensitivity analyses
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Example: Mexico’s Heavy-duty Emission Standards (2) 
(ICCT, 2014)
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Example: Mexico’s Heavy-duty Emission Standards (3) 
(ICCT, 2014)

Modelling

•Projection of vehicle sales and activity 

•Estimation of vehicle emissions (based on vehicle sales, activity per vehicle (VKT) and 
projected sales growth) 

Costs and Benefits Evaluation

•Estimation of health benefits 

- Number of avoided premature mortalities from a reduction in tailpipe PM2.5   

- Value of a Statistical Life approach

•Estimation of climate benefits 

– Evaluated using the social cost of carbon

•Estimation of vehicle technology costs by vehicle type (e.g. HD pickup truck/van; tractor; 
vocational vehicle)

Estimation of diesel exhaust fluid costs – for meeting NOx emissions limits using Selective 
Catalytic Reduction systems

Estimation of ultralow-sulfur fuel costs – fuel production and refinement 



28

Example: Mexico’s Heavy-duty Emission Standards (4) 
(ICCT, 2014)

Annual Incremental 
Technology Costs of 
Proposed Regulation 
(2018 – 2037)



Results

• In 2037, operating and technology costs are US$1.8 billion

• Estimated health benefits are US$22 billion to US$30 billion

• Incremental vehicle technology costs are $5,300 per vehicle on 

average 

Benefits

• 6,800 premature deaths from exposure to PM2.5 will be prevented

• 24,000 tons of PM2.5 and 410,000 tons of Nox

• 15 - 54 million tons of CO2-equivalent (MtCO2e) 
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Example: Mexico’s Heavy-duty Emission Standards (5) 
(ICCT, 2014)
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Cumulative Net Benefits of NOM 044 (2018 – 2037)
(ICCT, 2014)

• Benefits ($134 billion) are 11 
times the total direct and 
indirect costs ($12 billion)

• Net benefits = $123 billion


