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This document details our updates for the analysis of model year 2016 cars and light trucks, 
which will be reflected in ACEEE’s 2016 ratings available at greenercars.org. Aspects of the 
methodology not discussed in this memo will remain as described in the report Rating the 
Environmental Impacts of Motor Vehicles: ACEEE’s Green Book Methodology, 2011 Edition 
(Vaidyanathan & Langer 2011) or the February 2015 version of the methodology memo.  
 
Compared to model year 2015, items of note include the following: 
 

 Changes to lifetime VMT assumptions 

 Suspension of Class 2b vehicle ratings 

 Updates to electricity upstream emissions factors 

 Updates to embodied emission estimates 

 Real-world emission vs. emissions standards 

 Development of Tier 3 methodology 

 Updates to gasoline, diesel, CNG and hydrogen upstream estimates 
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LIFETIME VMT EMISSIONS 

ACEEE’s model year 2015 rating methodology assume that both cars and trucks travel 
120,000 miles over their lifetimes. However, vehicles are typically driven further on average 
than the full useful life of 120,000 miles assumed for purposes of emissions standards (DOT 
2006). As a result, until this year our methodology overestimated the embodied emissions 
(e.g. manufacturing emissions) when they are expressed on a gram-per-mile basis.  
 
To update this assumption for the Greenercars model, ACEEE looked into numbers used by 
EPA and DOT for regulation and research purposes. As part of both the MY 2012-2016 and 
2017-2025 rulemakings, EPA and DOT assumes that cars travel an average of 195,264 miles 
and trucks travel 225,865 miles over their lifetimes (EPA & DOT 2010, 2012). Therefore, 
current agency estimates suggest the number used in the Greenercars model to date is too 
low.  
 
However, a closer look at the agency documents indicates that the numbers above are a 
projection based on 2006 data. Given the speculative nature of the agency extrapolation and 
the possibility that more cars are shipped overseas before the end of their useful life, we 
decided to apply a common, rounded lifetime VMT number of 200K to cars and trucks for 
the final 2016 ratings instead of the rulemaking numbers shown above.   
 
CLASS 2B METHODOLOGY 

Beginning in MY 2014, Class 2b pickups and vans are now subject to GHG emissions 
standards and, optionally, to fuel efficiency standards. Since heavy-duty gasoline pickups 
and vans are subject to Tier 2 standards and many diesels voluntarily certify to these 
standards, it should be possible to apply the greenercars.org methodology to most heavy-
duty pickups and vans. However, Class 2b vehicles are not subject to fuel economy labeling 
requirements and as a result, have not been included in EPA’s data set to date. Hence we 
continue to have no fuel economy data for these vehicles at the start of the model year. 
 
In the past, to estimate the fuel economy of a Class 2b truck that has a light-duty counterpart, 
we scaled from the corresponding LDT vehicle’s fuel economy using mass sensitivity 
coefficients. However, for the last two years, we have only been able to apply this 
methodology to a small handful of Class 2b vehicles due to a lack of comparable LDT 
vehicles. As a result, we have decided for the time being to suspend our evaluation of Class 
2b pickups. We will continue evaluating medium-duty passenger vehicles (MDPVs), for 
which we receive fuel economy information from EPA.  
 

UPSTREAM ELECTRICITY EMISSIONS FROM GREET 

For purposes of scoring plug-in vehicles, we draw upstream electricity emissions factors 
from ANL’s GREET 1 model. Our methodology begins with GREET values for combustion 
and feedstock emissions rates for coal, oil, and natural gas power plants. In order to estimate 
electricity-related emissions over the life of a plug-in vehicle, we scale the GREET emission 
rates using Energy Information Administration (EIA) projections of emissions associated 
with electricity generation for the next 25 years. We also factor in the average annual decline 
in vehicles’ VMT to calculate average lifetime emissions rates for all pollutants. 
 
The 2015 Greenercars ratings used the 2012 version of ANL’s GREET 1 model. ANL issued a 
GREET 1 update in 2014 that included major changes to the emissions rates associated with 
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electricity production. The documentation was not sufficiently detailed for us to fully 
understand the basis for these changes, and the changes would have significantly affected 
the scores of electric vehicles. Therefore, we chose to continue using emissions factors from 
the 2012 version of the model in scoring MY 2015 vehicles. The recently released 2015 version 
of GREET 1 includes numbers that are similar to the numbers pulled from the 2014 model, so 
we revisited these issues for the MY 2016 ratings.  However, we still do not fully understand 
why these emissions estimates changed so drastically, so we continue to use upstream 
electricity emissions factors derived from GREET 1 2012 for the 2016 Greenercars 
methodology. 
 
With EPA’s adoption of the Clean Power Plan (CPP), GHG emissions from electricity 
generation will decline over time. EIA analyzed the impacts of the proposed CPP on emissions 
associated with electricity generation (EIA 2015). The final CPP differed substantially from 
the proposed plan, but EIA has not yet released an analysis of the final rule. Nonetheless, 
drawing from the EIA analysis will improve our estimates of electricity-related emissions 
relative to a pre-CPP analysis, so we use the EIA results in this year’s methodology. EIA’s 
analysis found that electricity-related CO2 emissions nationally will fall by 22% and 18% in 
2030 and in 2040, respectively, from 2015 levels. 
 
While the EIA analysis does not project changes in the emissions of other pollutants, its 
findings regarding generation mix and efficiency imply reductions in criteria pollutants as 
well.  We have included some of these impacts as part of our evaluation of electric vehicles 
by adjusting our projection of emissions from vehicle charging over the lifetime of vehicles to 
account for the CPP regulation.  
 
EMBODIED EMISSIONS  

Greenercars ratings use results from ANL’s GREET 2 Vehicle-Cycle Model to estimate the 
emissions impacts of the manufacturing and assembly, disposal, and recycling (ADR) for a 
variety of vehicles types. We vary vehicle weight and class in the case of an ICE to estimate 
vehicle-cycle emissions. For FCV vehicles, emissions are determined by vehicle weight, 
battery weight, and fuel cell stack and auxiliary system weight. Only vehicle weight and 
battery weight are varied in the case of hybrid-electric, plug-in hybrid, and battery-electric 
vehicles. This approach results in emissions estimates for each pollutant and vehicle class 
that are linear in vehicle weight and battery weight. These intercepts for these linear 
formulae are then reduced by the percentage of emissions that scale with vehicle weight and 
the line is pivoted around the point defined by the default GREET vehicle weight to pass 
through the new intercept. 
 
ANL issued an updated version of the GREET 2 model in 2015, but as with the upstream 
electricity emissions, we did not update the Greenercars.org model to reflect these changes 
since the GREET 2 vehicle-cycle model uses electricity generation emissions impacts to 
account for electricity use in the manufacturing process. Therefore, we continue using 
emissions estimates from the 2012 version of the GREET 2 model.  
 

IN-USE CRITERIA EMISSIONS 

The use of emissions standards values to represent average per-mile criteria pollutant 
emissions over the life of a vehicle, adopted for the 2011 greenercars.org ratings onwards, 
reflects a shortage of up-to-date data on in-use emissions, and how they may vary by vehicle 
type, rather than confidence that today’s vehicles in real-world operation will adhere to 
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emissions levels to which they are certified. Average emissions may exceed the standards in 
part because the standards pertain to performance over the Federal Test Procedure (FTP) 
cycle, which does not fully replicate real-world operation. In particular, operation at high 
speed, at low temperature, and using the air conditioner are not reflected in the bin 
certification levels. EPA’s Motor Vehicle Emissions Simulator (MOVES) can be used to 
generate real world emissions estimates, but we have not yet been able to use it to estimate 
certification-bin-specific emissions for the Greenercars methodology.   
 
This difference between real world emissions versus certified emissions levels is underscored 
by the developing Volkswagen emissions scandal. However, given our persistent shortage of 
real world emissions data, we will continue to use emission standards to estimate in-use 
criteria emissions. Volkswagen’s diesel vehicles will be omitted from our ratings for the time 
being.  
 

TIER 3 METHODOLOGY 

 

NOx+NMOG Standards 

The first LEV III-certified vehicles were introduced in MY 2015, and Tier 3-certified vehicles 
have begun to appear this year. As discussed in previous memos, we adopted an interim 
methodology to address the transition to a combined NOx+NMOG standard in LEV III and 
Tier 3. This methodology assumes a certain ratio of NOx+NMOG given the sum of the two. 
Because the damage cost for NOx in the greenercars.org methodology is much higher than 
that for VOCs, deviations from the assumed ratio could substantially change the EDX. 
 
It appears that our interim approach to the NOx+NMOG standards of Tier 3 and LEV III is in 
fact conservative, at least for gasoline vehicles. The Tier 3 Regulatory Impact Assessment 
states that NOx reduction will be easier than VOC reduction for gasoline vehicles, and that it 
is reasonable to assume that NOx+NMOG emissions will be 1/3 NOx and 2/3 VOC. EPA 
further notes that NMOG emissions are very low for diesel vehicles, therefore the NOx 
fraction will be higher. (EPA 2014). Based on this estimate, we adopted the EPA break down 
of NOx vs NMOG emissions for gasoline engines. For diesel engines, we assume that 100% of 
the NOx+NMOG standard is attributable to NOx emissions.  
 
As part of the Tier 3 update to emissions standards, new gasoline fuel sulfur standards have 
also been enacted. Federal gasoline will be required to meet an annual average standard of 
10 parts per million (ppm) of sulfur by January 1, 2017, down from the current standard of 30 
ppm, in order to make emissions control systems more effective for new and existing 
vehicles. We have yet to determine the impact this will have on overall emissions for the 
average vehicle but will continue to look into this issue in preparation for the next round of 
methodology updates.  
 
Evaporative Emissions  

Our methodology uses GREET 1 values for evaporative emissions of gasoline vehicles, 
provided in grams per mile and varying with vehicle class. The values for evaporative 
emissions in GREET 1_2015 are substantially higher than those in earlier GREET 1 versions, 
as shown below. 
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Table 1. Gasoline (non-PZEV) vehicle evaporative emissions, grams per mile  

Year LDV LLDT HLDT 

GREET 1_2012  0.057 0.067 0.076 

GREET 1_2015 in 2015 0.102 0.100 0.107 

GREET 1_2015 in 2020+ 0.07 0.074 0.092 

 

We do not have information on the reasons for these changes; documentation of changes to 
vehicle emissions rates in GREET 1_2015 has not yet been released. However, we will 
assume that the reductions in evaporative emissions levels shown in GREET 1_2015 between 
2015 and 2020+ reflect the adoption of Tier 3 standards. EPA estimates that Tier 3 standards 

will reduce evaporative emissions by about 50% (EPA 2014b)1. Based on these changes in 
GREET 1_2015, our methodology will use the evaporative emissions rates shown below for 
Tier 2 (Table 2) and Tier 3 (Table 3) vehicles. 

 
Table 2. Evaporative emissions rates by vehicle type (grams/mile), Tier 2 vehicles 

Vehicle Type LDV LLDT HLDT 

Gasoline (non-PZEV) 0.102 0.100 0.107 

PZEV, Diesel 0.071 0.070 0.075 

CNG 0.087 0.085 n/a 

 
Table 3. Evaporative emissions rates by vehicle type (grams/mile), Tier 3 vehicles 

Vehicle Type LDV LLDT HLDT 

Gasoline (non-PZEV) 0.070 0.074 0.092 

PZEV, Diesel 0.049 0.052 0.064 

CNG 0.060 0.063 n/a 

 
UPSTREAM EMISSIONS FOR GASOLINE, CNG, DIESEL AND HYDROGEN VEHICLES 

In 2013, Greenercars incorporated new upstream emissions values from ANL’s GREET 1 
model to replace older estimates from DeLucchi’s Lifecycle Emissions Model and to take 
advantage of the changes in fuel-related policies and practices over time. ANL issues annual 
updates to the GREET 1 model with updated emissions factors. We chose not to use updates 
from the 2014 version of the model due to our lack of understanding regarding upstream 
electricity estimates but decided to use the 2015 version of the model to update emissions 
factors in the greenercars.org model as we now know that the upstream electricity impacts 
have little bearing on upstream estimates for the fuels outlined in Table 6. Table 4 compares 
upstream emissions from last year’sgreenercars.org model to updated figures from GREET 1 
2015.  
 
 
 

                                                 
1 The assumption that the drop in GREET evaporative values is a reflection of Tier 3 standards may be 
incorrect, because it does not match the timeline for Tier 3 implementation given that a note in GREET 
states: “Model year is 5 years earlier than simulated technology year.”   
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Table 4. Comparison of Upstream Emissions 

 CO2 CH4 N2O HC CO NOx PM SOx 

Gasoline (g/gal)         

Greenercars MY2015 1,954 12.51 0.13 3.15 1.64 5.48 1.27 2.77 

Greenercars MY2016 1,662 9.99 0.34 3.44 2.29 4.83 0.39 4.12 

Diesel (g/gal)         

Greenercars MY2015 2,015 13.54 0.03 1.01 1.64 5.56 1.13 2.71 

Greenercars MY2016 1,593 9.44 0.03 0.93 1.68 3.74 0.25 2.44 

CNG (g/gal eq)         

Greenercars MY2015 1,263 37.26 0.16 1.23 2.72 5.81 0.21 2.64 

Greenercars MY2016 1,208 33.76 0.19 1.28 4.05 5.20 0.12 2.16 

Hydrogen (g/gal eq)         

Greenercars MY2015 13,101 54.48 0.27 2.14 5.69 12.65 2.32 9.15 

Greenercars MY2016 12,904 47.63 0.28 2.15 7.23 10.53 1.87 7.94 

 

Emissions estimates from GREET 1 2015 (like GREET 1 2014) show a significant reduction in 
upstream carbon dioxide per gallon of gasoline and diesel. Likewise, emissions of CH4, NOx 
and PM are much lower in the 2015 estimates. These changes have to do, in large part, with 
the fact that ANL has updated refining efficiency and GHG emission intensity of petroleum 
products using a linear programming model to determine refinery energy efficiency and 
emissions for 43 refineries in the US (representing 70% of total US refining capacity) 
depending on the quality of the crude input, refinery complexity, and product slate. The 
model finds that the efficiency of a refinery is most sensitive to the quality of the crude oil 
used to produce petroleum products (Cai et al 2013, Elgowainy et al 2014, Forman et al 2014).  

 

COMBINED IMPACT OF METHODOLOGY CHANGES 

The combined impact of the above methodology changes served to lower the average EDX 
between the 2015 and 2016 data sets by 0.32 cents/mile. The average Green Score rose from 
37 in MY2015 to 40 in MY2016.  
 
The average EDX for plug-ins fell by 0.30 cents/mile between the 2015 and 2016 data sets 
and the average Green Score rose from 49 to 53. The biggest impact on the overall results was 
the change in lifetime VMT assumptions.  
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