Method for adjusting the utility factor (UF) and fuel consumption estimates for plug-in hybrid vehicles
(PHEVs)

Plug-in hybrid vehicles (PHEVs) generally operate either in charge-depleting mode or in charge-sustaining mode. In
charge-depleting mode, they mostly or exclusively use electricity from the battery to power their wheels (thus
depleting the battery over time). In charge-sustaining mode, they use mostly liquid fuel (gasoline or diesel),
supplemented by no more electricity than they can recuperate from decelerating (thus maintaining a given battery
charging level over time). The fraction of distance that a PHEV operates in charge-depleting mode (using
predominantly electricity) is called utility factor (UF).

For the WLTP-based fuel consumption estimates used in the European Union and other locations, the utility factor is
estimated as follows (EC 2017; ISI 2021):

i
UF(AER,d,) = 1 — exp [_ T ¢ (%e) ]

(1)
where AER is the all-electric range WLTP range, and:

e d, =800 km (for Europe)
e (49 =[26.25,-38.94,-631.05,5964.83,—25095,60380.2, —87517,75513.8, —35749, 7154.95].

However, research by the Fraunhofer Institute for Systems and Innovation Research (ISI) has shown that the UF
estimated using above equation is overly optimistic; i.e., that the real-world UF tends to be lower than the officially
estimated UF (ISI 2021). This bias affects the emission estimates of PHEVs. We therefore employ an approach
based on the research by ISI to use a more realistic estimate for the UF.

First, we back-calculate the UF for each PHEV vehicle model using equation 1 (since the actual UF is not supplied
in the fuel economy certification data).

Second, we calculate electricity consumption in charge-depleting mode (fce; .4) and fuel consumption in charge-
sustaining mode (f g1 cs) based on the utility factor from the first step and on the combined electricity and fuel
consumption per 100 km that is supplied in the fuel consumption data:

fC — fcel,combined
el,cd uf
fouel = fcfuel,combined
’ 1— uf

Third, we adjust the UF using estimates by ISI by altering coefficient d,, using equation 1:
e Private car: d,, = 1544 km
e Company car: d,, = 4200 km
e  Mixed use car: d,, = 2460 km

Fourth and finally, we recalculate the combined (fuel + electricity) consumption for each vehicle using the
corresponding adjusted UF.

fcel,combined,adjusted = fcel,cd X uf(dn)
fcfuel,combined,adjusted = fouel,cs X (1 - uf(dn))
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