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Why decarbonization?





Some numbers



260-280 ppmv CO2
For the 10,000 years before the industrial revolution



416 ppmv CO2
2020



IPCC recommends a limit of 1.5°C 
above pre-industrial levels

Is 450 ppmv CO2 the upper limit?

Let’s not find out!











“… the President will sign an Executive Order that sets an ambitious 
new target to make half of all new vehicles sold in 2030 zero-
emissions vehicles, including battery electric, plug-in hybrid electric, 
or fuel cell electric vehicles.”

- Whitehouse.gov, August 5, 2021





My thoughts



We are making a big mistake in the transportation sector (including 
passenger cars) with this singular push toward battery electric 
vehicles (BEVs).

If our goal is to reduce transportation carbon emissions as fast as 
possible, full hybrids must make up a significant portion of the US 
fleet for years to come.

Government and industry must educate, promote, and incentivize a 
diverse set of transportation technologies, not a “silver bullet”. The 
best technology depends on location and application (and budget).



Common responses



“Electric vehicles are coming whether we like it or not, don’t get left behind!”

“The science is settled, BEVs are uniformly better for the environment.”

Unfortunately, this mentality has resulted in some easy and convenient (and 
inaccurate) practices and assumptions that tend to falsely support BEVs as a 
silver bullet solution.

But engineers like getting the right answer using proper math – so what gives?

• Do people really believe it, or

• Do people not believe it but feel the need to go along with it (politics, job security, fear), or

• Is Kelly crazy?



The problem with “zero-emissions vehicles”



We have introduced new vehicle types (BEVs, FCEVs) without proper methods to 
account for the environmental impact of driving them

• Regulations are based on tests measured at the tailpipe, but “zero-emissions vehicles” have no 
tailpipe

• Transportation thus makes the CO2 problem someone else’s problem

• A “zero-emission vehicle” is counted as 0 CO2, and is sometimes even counted as more than one 0 
CO2 vehicle

• Therefore, sales of “zero-emission vehicles” allow for more and more sales of large, low fuel 
economy vehicles – huh?

Life Cycle Analysis (LCA) to the rescue!

• Very promising if done “correctly” but not currently part of any regulations 

• Assumptions are often made to favor BEVs (whether intentional or not):

§ Comparisons are made to ICEVs and not hybrids 

§ An average/total electricity mix is used to calculate charging emission rates



How should we calculate electricity emission rate?



Common, but incorrect

Total greenhouse gas (GHG) emissions (kg CO2eq) divided by 
total generated electricity (MWh)

Not common, but correct

GHG emission mass flow rate (kg CO2eq/h) increase/decrease 
due to the addition/removal of a load (MW) from a grid, divided by 
the load



Why have we as scientists and engineers allowed electric vehicle 
advocates to replace the correct definition with an incorrect 
definition? It has the correct units, but it does not accurately account 
for:

• Demand dependency of emissions

• Demand response of electricity sources

• Geographical and temporal variation

• Imports and exports of electricity





Example: BEV vs FHEV in the US

Burton et al., to be published



• BEV
- CEC :  corrected (“real world”) electricity 

consumption (kWh/km)
§ Temperature/driving aggressiveness

• EPA FTP/HWFET tests + 2019 AAA 
Study

- CEER :  corrected electricity emission rate 
(gCO2e/kWh)
§ Upstream emissions and electricity 

transmission/distribution losses
- BPCO2 :  battery pack production CO2 (gCO2e)

§ 61-106 kgCO2e/kWh
- BL :  battery pack life (km)

• FHEV
- CFC :  corrected (“real world”) fuel consumption 

(gal/km)
§ Temperature/driving aggressiveness

• EPA FTP/HWFET/US06/SC03/Cold FTP 
tests

- CGER :  corrected gasoline emission rate 
(gCO2e/gal)
§ Upstream emissions

- BPCO2 :  battery pack production CO2 (gCO2e)
§ 61-106 kgCO2e/kWh

- BL :  battery pack life (km)

𝐸𝑅!"# = 𝐶𝐸𝐶 % 𝐶𝐸𝐸𝑅 +
𝐵𝑃𝐶𝑂2
𝐵𝐿

𝐸𝑅$%"# = 𝐶𝐹𝐶 % 𝐶𝐺𝐸𝑅 +
𝐵𝑃𝐶𝑂2
𝐵𝐿

Equivalent CO2 Emission Rate:  grams of CO2 per kilometer (incl. CH4)



𝐸𝑅!"#$ − 𝐸𝑅%#$ (gCO2eq/km)
Kia Niro (Small SUV)



𝐸𝑅!"#$ − 𝐸𝑅%#$ (gCO2eq/km)

Toyota RAV4 FHEV vs VW ID.4 (BEV) – AWD SUVs

Toyota RAV4 Hybrid Volkswagen ID.4 Pro

181”L x 73”W x 67”H 181”L x 73”W x 64”H

3700 lbs 4600 lbs

1.59 kWh battery 82 kWh battery

219 hp 295 hp

580 mile range 250 mile range

7.1s 0-60 mph 5.7s 0-60 mph

1750 lbs towing 2700 lbs towing

$28,500 $43,675

Statistically Significant Marginal (top row) CO2 winner
FHEV: 22 States and 44% of electricity demand, under all assumptions
BEV:  11 States and 24% of electricity demand, under all assumptions

Emitting Marginal (bottom row) CO2 winner
FHEV:  32 States and 60% of electricity demand, under all assumptions
BEV:  7 States and 16% of electricity demand, under all assumptions



Recommendations



Scale back this frantic push to all-electric and set targets and tests that truly 
account for the CO2 from driving all vehicle types

In the near-term, focus on BEVs where they make sense: the Pacific 
Northwest, for example

Focus on hybrids elsewhere – educate, promote, and (possibly) incentivize!
• Even just a partial replacement of fossil fuels with renewable fuels would make 

hybrids even cleaner

Use BEV tax credits to instead help clean up the grid – these tax credits just 
go to wealthy people anyway

The journey is as important as the destination – if we truly want to reduce 
CO2 from transportation NOW, we need to embrace a diverse portfolio of 
solutions – even for light duty vehicles
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Thank you


