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Instantaneous Hybridization Factor: New Metric to More 
Accurately Model Hybrid-Electric Vehicle Emissions

Research Question
Hybrid-electric vehicles are a growing segment 
of the vehicle market and their share is 
anticipated to continue to grow as automakers 
seek to comply with increasingly stringent fuel 
economy standards. Hybrid vehicles generally 
use less fuel and produce fewer associated 
emissions than their conventional counterparts. 
However, their emissions patterns are unique; 
hybrids produce zero emissions during certain 
operations when the internal combustion 
engine is off, but produce particulate emission 
spikes when the engine starts or restarts. The 
overall air quality implications of more hybrid 
vehicles on the roads are not well understood.

Emissions models such as the US Environmental 
Protection Agency’s Motor Vehicle Emission 
Simulator (MOVES), which state, regional, 
and local governments  frequently use for 
regulatory purposes, do not distinguish 
between conventional and hybrid vehicles. 
MOVES estimates vehicle emissions based on 
vehicle specific power (the power demand on 
the engine during driving) and vehicle speed. 
This approach runs the risk of inaccurately 
estimating emissions when hybrid vehicles 
make up a greater portion of the on-road fleet, 
especially in localized settings that might see 
frequent engine restarts.

Researchers at the University of Vermont 
collected real-time emissions and performance 
data from a hybrid vehicle operating in a 
variety of on-road conditions to develop a 
new parameter that could serve as the basis 
for future hybrid vehicle emissions models: 
the instantaneous hybridization factor. This 
parameter is the real-time proportion of a 
vehicle’s overall power use that comes from 
the hybrid propulsion system, and could be 
used in combination with known conventional 
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vehicle emissions and operating data to derive 
more exact emissions estimates for hybrid 
vehicles. 

Key Research Findings
The instantaneous hybridization factor identi-
fied a narrow range for vehicle specific power 
over which the hybrid vehicle could operate 
solely from its hybrid-electric system. Electric-
drive-only propulsion and regenerative braking 
occurred only when vehicle specific power 
requirements were between -1 and +8 kilowatts 
per ton. This range typically occurred below 
vehicle speeds of 42 mph.

Hybrid vehicle emissions tended to be zero 
during the majority of deceleration and down-
hill driving cases. During these operations, the 
hybrid vehicle’s internal combustion engine is 
off, and the vehicle is regenerating power to 
hybrid battery storage. This highlights a key 
difference between hybrids and conventional 
vehicles. Conventional vehicles have low 
but measurable exhaust emissions during 
deceleration and downhill driving operations 
when vehicle specific power is less than zero.

Emissions data revealed that a relatively 
narrow hybrid vehicle operating range 
produced the greatest particle number 
emissions rate (Figure 1). Measurements of 
the instantaneous hybridization factor showed 
the highest variability whenever the vehicle’s 
internal combustion engine restarted following 
electric-only operation. These restarts 
produced a spike in particle number emissions. 
Similar spikes were not observed for carbon-
dioxide emissions.

Instantaneous hybridization factor could 
potentially be used in conjunction with 
vehicle specific power to develop models for 
hybrid vehicle emissions. The results showed 
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a clear relationship between instantaneous hybridization 
factor and vehicle specific power, both of which can be 
calculated using on-board diagnostics data. However, 
there is a low correlation between short duration restart 
events and particle number emissions because short 
duration restart events are difficult to capture at existing 
data acquisition rates.   

Research Implications
These findings suggest a promising approach for 
accounting for hybrid vehicles in emissions models. 
Given the limited scope of the data collected, research 
on different makes and models of hybrid-electric 
vehicles is needed to provide data necessary for 
developing such emissions models. Future research on 
particle emissions during hybrid restarts would benefit 
from faster simultaneous on-board diagnostics data on 

both hybrid and combustion engine system parameters, 
which was not possible with this study.

More Information
This policy brief is drawn from “Instantaneous 
Hybridization Factor (IHF) Development for HEV Energy-
Emissions Analyses Using Real-World, On-Board Data,” 
a report from the National Center for Sustainable 
Transportation, authored by Britt A. Holmén and Mitchell 
K. Robinson of the University of Vermont. The full report 
can be found on the NCST website at https://ncst.ucdavis.
edu/project/quantifying-real-world-hybrid-electric-
vehicle-energy-emissions-relationships-improved.

For more information about the findings presented in 
this brief, contact Britt Holmén at britt.holmen@uvm.edu.

The National Center for Sustainable Transportation is a consortium of leading 
universities committed to advancing an environmentally sustainable transportation 
system through cutting-edge research, direct policy engagement, and education of 
our future leaders. Consortium members: University of California, Davis; University 
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Figure 1. Instantaneous particle number emission rate (PNER) as a function of vehicle specific power (VSP) for the hybrid-
electric (red bars) and conventional (blue bars) Toyota Camry vehicles tested in Vermont during on-road driving under 
all seasons. The graph highlights the vehicle specific power range during which the hybrid vehicle’s internal combustion 
engine restarted after electric-only operation periods and produced a spike in particle number emissions (“e” in y-axis scale 
represents scientific notation; i.e., “2e+10” is  “2 times ten to the tenth power,” or 20 billion, particles emitted per second).
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