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3.15 CYCLE ENERGY (CE)

The net energy a vehicle must provide in order 1o drive a test cycle on a chassis dynamometer. Cycle energy is calculated
by summing the engine work increments (w) over the test cycle, By definition, the engine work increments are always
positive (since Feyg 2 0), 50 negative work is excluded from the cycle energy summation. The exclusion of negative work
is appropriate since it ks associated primarily with braking evenis and represents energy that is not recoverad unless the
vehicle is equipped with a regeneralive braking system (alternafive equations for fhe summation of work for vehicles
equipped with regenerative braking may be considered in future revisions of this document).

Mote that the engine work incremant (w) may still ba positive even during dacelarations. This is bacause even though the
inertial force is negative during deceleralions, engine force (Feyg) will still be positive it the magritude of the road |load
force is greater than the magnitude of the inertial force. In this case the engine is still doing ..~ * ks t'r-";:'mlh.';u_t_'.'f dinthe
engine is insufficient to maintain the vehicle's speed.

5.1,13 Driven and Target Inertial Work {IWq, W)

The total work done by the engine againsi inedial loading. Only positive values of the inertial work increment (w, ) are
considered since negative inertial work is not recovered by the engine (this assumption is not valid for vehicles with
regeneralive braking syslems). Negalive inerial work (s laken (o represent eiher. 1) energy dissipaied by braking and
thus nol recovered by the vehicle or 2) energy that serves 1o reduce the road load work required of the engine during non-

braking decelerations.

N
IWp =3 [w, ol {Eqg. 34)
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Vehicle Test Characteristics Unadjusted Fuel Calculated Vehicle
Consumption Efficiency
Model T Equivalent Target A TargetB TargetC FTP City HWFET FTP Vehicle HWFET
{model year) Test Weight Term [N] Term Term [Wh'km] High-way Efficiency Vehicle
[kg] [N/(my/s)] [M/(m/s)’] [Wh/kkm] %] Efficiency [%]
Heonda FCX Clarity (2011-2014) 1758 165.4 1.032 04236 254 248 4% 51%
Mercedes-Benz F-Cell (2011-2012) 1E14 230 0,000 0.5039 284 275 A% 5%
Hyundai Tucson Fuel Cell (2015-2017) 2041 136.7 43654 04771 311 204 51% 51%
Toyota Mirai (2016-2019) 1038 1418 1.990 0.4072 220 220 6% SE%
Honda Clarity Fuel Cell (20182019 2041 138 1.032 04367 1B 0 57% 57%
Hyundai Nexo (3015) 2041 1288 0182 06344 245 253 BEM 58%
Hyundai Nexo Blue [2015) 1528 163.2 =0,101 0E201 22 251 BE% 59%

FTP: Federal Test Procedure HWFET: Highway Fuel £_sigmy Test) /||
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Table 3 — Vehicle efficiency” comparison across powertrain architectures,

Powertrain Type Fuel Cell Vehicle Battery Electric Vehicle  Hybrid Electric Vehicle  Conventional Vehicle
Representative Model 2016 Toyota Mirai 2017 Toyota 2017 Toyota 2014 Mazda 3
Prius Prime in Prius Prime in 2.5-L i-ELOOP)
- B caties na i g e | 5
Il ith T - W
"l‘ﬂst Temperature - [-7°C_25°'C 35°C 7°C  25°C  35°C T°C  5C 3A5°C 2'c_25°C_ 35°C|
i _[20°F) (P2°F) (95°F) (20°F) (72°F) (95°'F) (0°F) (72°F) (95°F) (20°F) (72°H) (95 °F)
UDDS# 46  62B 4.5 52.4 105.8 g1.8 124 486 116 14.1 187 172
UDDS#2 408 657 404 56.8 1125 91.4 0.8 48.0 6.2 19.1 208 183
UDDG#3 549 677 54.9 1134 91.3 499 40.0 19.4 08 178
Highway#2 557 576 55.7 54.0 82.2 77.0 33.0 9.1 5.8 26.5 87 281
US06#2 525 571 52.5 72.8 91.2 87.0 39.3 43.0 9.2 775 284 282
Average [457  ®22 457 58.0 1018 BS7 | 339 45.7 *an T Y Tig

“Wehicle efficiency in [%] based on positive cycle energy as defined by SAE |2951™
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Table A-3: Vehicle fusl com tion and ensnpy consumption resuls far EPA S cyels label fusl sconomy calculations s surtrain architectares
Powertrain Type Fuel Cell Vehicle Battery Electric Vehicle Hybrid Bectric Vehicle Corventional Vehicle
Fepressmanive Maodel 2076 Toyetn Merai 27T Teyrenn Prives Frime 2017 Toyets Privs Prime 2014 Mianda 3
in charge-depleting mode in chasge-sastaining mode
‘Wehicle Tesiing Egureadeni Tesi Wesght Eqmatvalewi Test Wesght [quimlent Tesi Weight
Charactermticn VRO by (350 T 1644 kg (W% b TR kg (3400
Target road kead coefficients Turget poad haed coeflcenis Taeget 1ol load Lo Mckents:
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B o B0 MY 0 - D M) W ST W el
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Tt Teergeerature FCEON WCEIT WCER -TCE0TN RCEN BCEM -PCpoT MWCpETh WG -FCET BCET) mCmen
Fusl Evendery |mideg) Ersrgy Cotsumption [AC WMy Pusl Esansmy |milkg] Fusl Esamamy esy]
LUDDSF, Coldd-start Phaes | Mk [ o L8 T 07 iTr o My
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UDDSe2 Hot-siar Fhase 3 a5 B 30 187 443 575 332 36.1
UDDGFT Hoi-siart Phase 4 M T TS 145 BLS 131 1.0 333
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LiSend Ciry 39 b B ik ]
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ey (5 cyele lakedy PR 514 mifkg ] P44 A0 Whimd 564 g 156 Sy
Higeway (5 cycle label) M5 505 milkg HEEERT AT Wi LEER Tl —g
Comhbined Latel Fuel Erenom IS T mik 777 AG Whimd 7 mpg 197 mpg
[Cembined Lkl Fusl © I 2064 M) mi EET e HIT Mpmi T103 My mi T Mo |
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