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Summary

Driving cycles are used in various aspects of \eldevelopment and for the homologation of new eleki
The character and duration of a cycle have a hogmét on the energy consumption for longitudinal
dynamics and comfort functions. Current driving legcare widely criticised for their insufficient
representation of real-world driving, especially iattery electric vehicles (BEV). Therefore we eleped
three driving cycles for BEV that are based on empglata from a large-scale field operational tegh

electric vehicles (project CROME) for future applion in research and policy making.

Keywords: BEV (battery electric vehicle), city fraf commercial, fleet, passenger car

1 Introduction

Driving cycles are an important instrument in trevelopment of new vehicles and for the evaluatibn o
vehicle characteristics like energy consumption anmdssions. In recent years, the discussion atbmut t
appropriate cycle has gained momentum in scierd¢é2land in the public domain [3] as the gap betw
real-world consumption and driving cycle consumptimcreased due to optimized adaption to the
certification process. In [4] it is shown that maxim and average propulsion power differ for threlkicle
classes between Urban Dynanometer Cycle and US@E: ®y more than factor 2. For battery electric
vehicles (BEV), the difference in energy consumptgan reach more than factor 2 and even more than
factor 5 in case of the maximum driving torque detieg on the cycle [5]. This demonstrates thatti@ce

of the appropriate driving cycle is absolutely ¢alifor a meaningful evaluation of vehicles. Faattheason

we decided to build up empirically based real-wahiiding cycles for electric vehicles for futurepdipation

in research and policy making. This work is presdrtere an excerpt from the corresponding author’'s
doctoral thesis [6].

2 Empiric foundation

The data, on which the driving cycles are buils baen gathered in the project CROME — Cross-border
Mobility for Electric Vehicles [7], [8]. In this &ld operational test more than 100 BEV of 6 typegehbeen
employed in corporate fleets in France and Gernligrgverage users. Almost 3 years of data colledtion
80 vehicles have led to more than 125,000 tripnacwith a total length of about 600,000 km in l@dmata

or continuous curve signals. The driving cyclesprged here are founded on 16,690 trips, whichistoofs

a total number of 88,431 driving sequences. Thegica driving distance of ca. 129.000 km and haenb
recorded with continuous curve signals at an adorgate of at least 1 Hz. Overall the data shawatio

of 74 % urban trips and 26 % rural trips. Rurgddrare defined as trips that exceed 70 km/h it ¢eme and
show a speed profile of at least 20 % of the dg\ime beyond 60 km/h. The data shows a focus thera
short trips with a mean value of 8.4 km and a medfeb.2 km. This results mainly from the localbctised
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mobility of the users, but — in parts — as welhfrthe availability of alternative vehicles with cbustion
for longer trips. The BEV have in many cases besaas part of heterogeneous fleets in combinatitim
other vehicles.

3 Methodology

The goal of the development of the driving cyclesswo gain the best possible representation ofl e
basis in one representative trip per usage domamthree domains, which have been defined asttamye
predominantly urban driving, predominantly ruraividrg and the mixed overall operation with a raio
urban to rural segments as it is found in the Hatas.

The first step to build up each driving cycle satistical analysis to define target vectors figrtbtal length,
the duration, the proportion of urban to rural grgvand the number of driving sequences to gairbtdst
possible representation of the driving data. THieiegng procedure is based on the methodology Hiaat
been used in [9]. Hereby 13 further statisticabpaeters are derived from the data base to conthketarget
values for the driving cycle. The parameters asebtan the evaluation of [9], [10] and [11]. Thenpdete
overview of the parameters employed is given itetdb

Tablel: Overview of parameters employed for driviggles

No. Parameter Unit
1 Average speed km/h
2 Average speed >0 km/h
3 Average longitudinal acceleration m/s
4 Average longitudinal deceleration m/s
5 Average duration of driving sequences S
6 Proportion idling %
7 Proportion cruising %
8 Proportion creeping %
9 Proportion acceleration %
10 | Proportion deceleration %
11 | Number of acceleration-deceleration change

12 | Root mean square longitudinal acceleration | m/s
13 | Normalised positive acceleration kinetic enerl m/s’

The borders of speed and lateral accelerationtéq, €ruising, creeping, acceleration and decetsratan
be found in table 2.

Table 2: Definition of operating modes

Operating mode Speedy in km/h Longitudin_al acceleratior
a, in m/g

Stop 0 0

Cruising >5 0,1<a,<0,1

Creeping O<v< 5 -0,1<a,<0,1

Acceleration >0 >0,1

Deceleration >0 <-0,1

After the statistical analysis, all trips of thet@@ase are divided into micro-trips, what resudtsetin a total
number of 88,431. A micro-trip is defined as thegwith a positive driving speed between two s&ps
shown for example in Figure 1 with 5 micro-tripateley micro-trips keeps linked with the stop phdsat t
occurred before it to have realistic idle phasehéncycle.
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Figure 1: Driving sequence with 5 micro-trips

The micro-trip pool is in the next step cleanedrémove strong statistical outliers. Finally, random
combinations of micro-trips with the statisticatiye-defined total number of micro-trips are buijit-and all
parameters evaluated in comparison to the targédvren total 100,000,000 combinations are evaidaind
compared to find the driving cycle that represéimésdata best. This process is repeated for eatie dfiree
driving cycles with it specific target values.

4 Results

In total three driving cycles have been built updpresent the real-world usage of BEV in corpofigets
in central Europe.

4.1 Fleet-BEV-Cycle

The Fleet-BEV-Cycle (see Figure 2) for combinedgesand the Fleet-BEV-Urban-Cycle and the Fleet-
BEV-Rural-Cycle for urban and rural driving.
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Figure 2: Speed and acceleration profile of thetHREV-Cycle
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The Fleet-BEV-Cycle shows an average deviatiomeftarget values of 2.8 % and a maximum deviation
of 8 %. It is intended to represent the overalpesaf the BEV and therefore consists of four ofamrls

well as one rural micro-trip. As it is found in tHata base, the driving cycle reflects predominapan
operation. In sum 13.7 % of the actual driving tiwithout idle phases shows a speed of 60 km/h asemo
The Fleet-BEV-Cycle has phases with a speed lifB0dkm/h and with 30 km/h as well as an initial
sequence of 27 s with a top speed of 21 km/h@&sciirs when a large parking lot has to be left. Key
characteristics of the three cycles can be fourichlsle 3 and the corresponding speed values angl fiou
Appendix A.

The longitudinal characteristic of the cycles can \bhsualised with the speed acceleration probgbilit
distribution (SAPD). The Fleet-BEV-Cycle has theecof the usage in classes of constant drivingpfo s
acceleration at urban speed classes (see FiguBaiB)here is also a significant share in the cladsveen
70 km/h and 80 km/h resulting from the rural driysequence. Accelerations and decelerations rangge t
+/- 2.2 m/s.

Relative share in %
— [N} (98]

S o

Figure 3: Speed Acceleration Probability DistributMatrix of Fleet-BEV-Cycle without idle time

4.2 Fleet-BEV-Urban-Cycle

The Fleet-BEV-Urban Cycle (Figure 4) representar@ly urban trip. In comparison to the Fleet-BEVey
and the Fleet-BEV-Rural-Cycle it is shorter in digte and time, has a lower average speed and aerhigh
proportion of idle-time. At the same time it cotsisf seven micro-trips, which is the highest nundfehe
three cycles as urban micro-trips are usually shdinan rural micro-trips. The average deviatiotheftarget
values is 4.3 % and the maximum is 9.9 %.
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Figure 4: Speed and acceleration profile of thetHBEV-Urban-Cycle
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Being built-up with real-world sequences, it alsmtins a short period of speeding with a top speed
61 km/h despite the urban limit of 50 km/h. In lespprox. 4 % of the cycle time are driven aboOes/h.
Here as well, the SAPD-Matrix is used for the vimaion of the longitudinal dynamics (Figure 5).

Relative share in %

Figure 5: Speed Acceleration Probability DistributMatrix of Fleet-BEV-Urban-Cycle without idle time

It can be seen that the main area of usage isircldss between 40 km/h and 50 km/h. The longialdin
acceleration ranges between -2.1%nafsd 2 m/3 Higher values occur mostly at comparably low spee
Overall the proportion of constant driving is lawdomparison to the other cycles. Including idteetj which

is responsible for 23.3 % of the total cycle timaly 52.5 % of the cycle are driven with a longital
acceleration between -0.5 rhigsnd 0.5 m/& During the rest of the time, the vehicle is aecated or
decelerated at higher values what reflects thetilitjaf the speed signal in urban driving andeals a high
potential for the recuperation of brake-energy. Tbeesponding speed values are found in Appendix B

EVS29 International Battery, Hybrid and Fuel Cekdtic Vehicle Symposium 5



4.3 Fleet-BEV-Rural-Cycle

Figure 6 shows the Fleet-BEV-Rural-Cycle whichrntended to represent a typical rural trip with eefl
BEV. It matches the target values with an averaggation of 2.1 % and a maximum deviation of 5 %.
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Figure 6: Speed and acceleration profile of thetHBEV-Rural-Cycle

This cycle is by far the longest among the threl witotal length of 15,393 m and a duration 090,4. Its
average speed of 46.6 km/h is comparably closeg@vterage speed without idling of 51.4 km/h astre
stands still for only 9.4 % of the time. The FI&V-Rural-Cycle consists of 5 micro-trips with aveeage
driving time of 216 s and a maximum of 353 s. Thereseveral phases in the cycle with a maximuradspe
of 50 km/h that result from passing through townd sillages. During the study the usage of motosvay
(Autobahn) has been rare and driving on rural réedsbeen the dominant form of non-urban operafiba.
speed values of the cycle are found in Appendix C.

Here again, the SAPD matrix is used to visualizeldimgitudinal acceleration per speed class (Spa€i6).

Relative share in %

Figure 6: Speed Acceleration Probability DistributMatrix of Fleet-BEV-Rural-Cycle without idle time

The profile is now comparably narrow, resultingnfr@a higher proportion of constant or nearly coristan
driving. The main proportion of driving happens tweg urban speed limits but the share of urbanmyiis
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still noteworthy. Rural driving shows decelerati@meund 2 m/Aat speed levels above 60 km/h and there is
even one strong deceleration with in peak appror/3

Table 3 gives an overview of key characteristicthefthree cycles.

Table 3: Selected Characteristics of Driving Cycles

Length (m)| Duration (s)| Av. speed (km/h) Max. speed (km/h) Idle (%)
Fleet-BEV-Cycle 5828 783 26.7 78 22.6
Fleet-BEV-Urban-Cycle 4021 684 21.2 61 23.8
Fleet-BEV-Rural-Cycle 15393 1190 46.6 92.9 9.3

4.4 Comparison to other Driving Cycles

The comparison of the Fleet-BEV-Cycle with the &tically built New European Driving Cycle (NEDC)
[12] revels a shorter total distance (5828 m v€1Blm), a shorter duration (783 s vs. 1220 s)pwesi
maximum speed (78 km/h vs. 120 km/h) and a slowerage speed (26.7 km/h vs. 33.4 km/h). This reflec
the fact that the major domain for BEV is the urkbamironment. It makes the Fleet-BEV-Cycle sigmifity
more dynamic than the NEDC with more positive kinehergy used for a higher number of accelerations
Where the NEDC has a large share of constant driwith a total number of only 14 acceleration-
deceleration-changes in ca. 11 km the Fleet-BEMeCys a real-world cycle shows 6.2 changes peifk.
volatility of the speed signal rises with the prdmm of urban driving with 8.2 acceleration-decaten-
changes per km in the Fleet-BEV-Urban-Cycle ang 84 changes per km in the Fleet-BEV-Rural-Cycle.

The comparison with the Worldwide harmonized Lidlty driving Test Cycle (WLTC) [13] for class 3
vehicles reveals the biggest differences in theimam speed (120 km/h), the distance (23 km) and the
duration (30 min). This brings the WLTC far awagrfr representative for the observed BEV usage as onl
3.5 % of the observed trips are 23 km long or mBspecially for the representation of all procesbas
tend towards a thermo-dynamic equilibrium like ttyee temperature, that largely influences rolling
resistance [14], or the climatisation of the inderiit is absolutely crucial to have realistic dniy time,
distance and speed profiles.

The volatility of the three driving cycles, as thag found in all real-world speed profiles miginnt out as
difficulty for the adaption of the cycle for bentdsts. Therefore a series of test drives with éaidrivers
should be conducted to evaluate the deviation iefrdy speed in set-actual comparison. Maybe, fig th
purpose it will turn out necessary to smooth theesiprofile. But that process should lead to alvet@n

of energy consumption of the adapted cycle towéndsoriginal cycle in a simulation environment. The
potential drawback of driveability influences ordgnch tests with human drivers but does not affext
usage in simulation models. Being combined fronmwneald micro trips that are connected with idleaghs
the general driveability of the cycle is guaranteed

5 Conclusion

In this paper we presented three driving cyclesfectric passenger cars that have been built uplarge
empiric basis from real-world driving of BEV in gmrate fleets. The comparison with NEDC and WLTP
reveals major differences in distance, duration &mdjitudinal dynamics that account for unrealistic
consumption and an insufficient representatiorvefyday usage in those cycles. Therefore we recardme
the family of the here presented Fleet-BEV-Cyctedlie future research on battery electric passerage.
The usage on test benches with human drivers mnmgbat slight adaption for enhanced drivability. To
determine this, we recommend a test campaign éocythles with trained drivers. For the usage irution
models, the cycles are suitable right away withvidleies found in Appendix A to C. They can be empptb
for the evaluation, development or enhancemenbofponents, full vehicles or the integration of BEV
traffic or energy research models.
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Appendix A
Fleet-BEV-Cycle at 1 Hz acquisition rate with segtar “,”:

0.00, 0.00, 0.00, 0.31, 2.48, 5.87, 9.30, 11.5179,110.99, 10.17, 9.94, 10.66, 12.46, 14.93, 1720480, 21.54,
21.37, 20.28, 17.70, 13.44, 8.42, 3.69, 0.47, (a™Q, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.000,00.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.0@®,@®O0O, 0.00, 0.00, 0.00, 0.41, 1.54, 5.45, 9899, 18.03, 20.61,
20.19, 27.72, 34.25, 38.54, 39.53, 36.84, 30.99073233.03, 34.42, 36.22, 37.63, 39.93, 37.92,73434.35,
35.42, 39.67, 46.22, 51.74, 57.22, 60.55, 60.09/4H7/3.27, 52.90, 53.75, 52.92, 51.09, 48.38,A442.21,
39.77, 36.94, 34.53, 32.95, 31.52, 28.66, 23.6103.8.3.29, 10.37, 9.69, 10.27, 10.70, 10.13, 8984, 5.33,
5.54,5.88, 5.44,5.02, 4.86, 4.36, 5.79, 6.54,800, 8.74, 9.48, 10.22, 10.96, 11.70, 12.44,8,3.3.92, 14.66,
15.40, 16.14, 16.61, 17.96, 19.21, 20.25, 21.09/12122.06, 23.29, 24.36, 25.40, 26.44, 27.48,3289.51,
30.47, 31.58, 32.67, 34.05, 35.95, 37.23, 37.78[3737.20, 36.41, 35.52, 34.30, 33.02, 32.16,13131.22,
30.22, 28.75, 27.09, 24.89, 21.99, 17.93, 13.82,8.53, 0.76, 0.05, 0.72, 2.33, 3.77, 4.99, 598, 6.62, 6.12,
5.34, 4.37, 3.81, 3.40, 3.26, 3.20, 3.41, 2.726,21060, 1.83, 2.83, 4.30, 5.39, 7.29, 9.75, 1218518, 18.49,
19.71, 20.28, 20.15, 20.04, 20.04, 20.80, 20.12,7,13.16, 9.30, 6.79, 6.86, 7.32, 7.32, 7.328,5839, 14.10,
20.88, 26.73, 29.71, 27.44, 26.88, 26.28, 26.681242.67, 20.72, 20.12, 21.57, 25.07, 26.73,2728.64,
29.15, 29.64, 29.97, 30.29, 30.46, 30.43, 30.0832&6.93, 24.19, 21.51, 19.00, 15.75, 11.91,,B3&8B, 2.49,
3.60, 6.31, 10.35, 14.72, 18.85, 21.80, 22.69,2118.89, 17.97, 16.48, 15.55, 15.41, 15.31, 1310134, 5.67,
1.60, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.009,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000OO, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.007,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000DQ, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.007,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000DQ, 0.00, 1.14,
4.62,8.57,12.12,14.92, 17.61, 22.05, 27.43,132838.40, 39.74, 42.41, 44.65, 46.37, 47.64, 481864, 50.09,
50.39, 50.46, 50.35, 50.03, 49.75, 49.54, 49.484A9.75, 49.91, 50.16, 50.40, 50.75, 51.07,(154.75,
52.15, 52.16, 51.35, 49.88, 48.05, 46.63, 46.16804%44.49, 42.15, 39.02, 35.80, 33.26, 31.24,8923.55,
25.88, 23.98, 22.06, 19.70, 16.66, 13.31, 10.@K,et.27, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, @AM, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.009,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000OQ, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,0000, 0.00, 0.00, 1.14, 4.98, 10.85, 18.00,2428.68, 31.69,
33.76, 35.55, 37.75, 39.88, 41.54, 42.73, 44.16051648.39, 50.74, 52.97, 54.92, 56.92, 58.74,16060.96,
61.53, 61.72, 61.54, 61.01, 60.28, 59.74, 59.781%050.81, 61.49, 61.36, 59.98, 57.73, 55.03,4249.64,
47.31, 44.86, 43.33, 43.64, 45.66, 48.99, 52.26,446.79, 59.79, 63.29, 66.85, 69.38, 70.59,30r8.73,
69.98, 69.22, 68.43, 67.78, 67.63, 68.10, 69.02847/071.49, 72.21, 72.49, 72.42, 72.05, 71.69,6/1/3.86,
72.54, 73.49, 74.33, 74.94, 75.32, 75.54, 75.687(5/6.15, 76.53, 76.98, 77.42, 77.77, 77.82,8/7(8.55,
75.43, 74.29, 73.27, 72.36, 71.49, 70.81, 70.288%6%9.44, 69.01, 68.54, 68.18, 68.04, 68.00,%H88.44,
68.57, 68.91, 69.40, 70.07, 70.86, 71.43, 71.58[3(171.81, 71.95, 72.07, 72.24, 72.02, 70.94,%856.36,
61.36, 57.40, 53.78, 50.31, 46.95, 43.88, 41.4074040.20, 41.94, 44.95, 48.70, 52.66, 55.90,/588.78,
58.31, 57.47, 56.86, 56.42, 55.89, 54.36, 52.16HNA7.25, 44.84, 42.33, 39.69, 36.89, 33.98,B®8.40,
27.08, 26.89, 27.78, 29.81, 32.69, 36.45, 40.683%447.09, 49.11, 50.61, 51.71, 52.32, 52.39,25149.86,
47.39, 44.92, 42.45, 40.35, 38.63, 37.07, 35.74313432.23, 29.43, 26.49, 24.07, 22.14, 20.62,4,917.23,
13.97, 9.33, 4.64, 1.21, 0.00, 0.00, 0.00, 0.019,0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, GO, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.009,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000OO, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.69, 2.318,47439, 10.28, 13.21, 15.69, 17.71, 18.48, 181891, 18.99,
19.20, 19.71, 19.95, 20.54, 20.62, 20.47, 20.04011917.69, 16.46, 14.85, 13.85, 13.56, 13.66,9,318.58,
12.58, 11.30, 9.58, 8.54, 9.03, 11.40, 15.10, 18989, 23.09, 23.85, 25.01, 26.23, 27.31, 2724639, 26.59,
26.74, 27.36, 28.22, 28.65, 28.68, 29.26, 30.6%®B233.96, 34.97, 35.43, 36.26, 38.07, 40.44,14248.01,
44.93, 45.07, 45.65, 46.29, 47.11, 47.74, 48.3481848.22, 47.95, 47.85, 48.26, 49.18, 49.80,31948.84,
47.79, 47.42, 48.67, 49.53, 49.92, 49.49, 48.75404747.07, 46.63, 46.63, 46.87, 47.19, 47.23,4748.05,
48.69, 49.78, 50.45, 51.02, 50.90, 49.94, 48.39'A645.43, 44.31, 43.54, 43.15, 42.96, 42.99,14348.04,
44.30, 44.64, 44.97, 44.35, 43.32, 42.70, 40.1398530.46, 23.45, 15.69, 10.28, 6.10, 3.14, 36511, 8.68,
11.05, 10.99, 8.01, 4.78, 1.97, 0.14, 0.00

Appendix B
Fleet-BEV-Urban-Cycle at 1 Hz acquisition rate wséparator “,”:

0.00, 1.65, 4.30, 6.99, 8.80, 9.14, 9.14, 9.7929,113.38, 15.35, 16.60, 17.33, 16.94, 15.06, 1228, 6.67,
5.63, 5.46, 5.66, 6.09, 6.26, 6.25, 6.29, 6.740,78654, 9.16, 9.21, 8.64, 6.80, 4.36, 1.99, 00280, 0.00, 0.00,
0.00, 0.11, 0.47, 1.26, 2.35, 3.36, 4.09, 4.300,3209, 1.74, 2.35, 3.74, 4.66, 4.36, 3.46, 21289, 2.98, 4.78,
7.71,11.29, 14.95, 18.84, 22.08, 23.46, 22.586,96.69, 14.20, 13.90, 15.73, 19.42, 24.34, 28986, 32.24,
29.22, 24.30, 19.56, 16.46, 16.04, 18.15, 21.428&39.10, 32.46, 34.97, 36.66, 37.13, 36.32,23433.61,
33.24, 34.11, 35.38, 36.33, 36.40, 35.97, 35.6%&334.07, 30.62, 25.38, 20.01, 16.48, 16.28,2,82.78,
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27.15, 31.18, 34.11, 36.96, 39.90, 42.97, 46.083%8&0.59, 51.66, 51.91, 51.49, 50.73, 50.13,4050.45,
51.10, 51.84, 52.53, 53.21, 53.95, 54.72, 55.4Q15666.87, 57.48, 58.07, 58.59, 59.13, 59.62, H060.66,
61.08, 60.80, 59.28, 56.41, 52.62, 48.81, 45.32(8}137.09, 31.65, 26.68, 23.51, 22.51, 23.20,4£425.80,
27.59, 29.18, 29.82, 28.92, 26.38, 21.35, 15.496.7.26, 8.37, 13.07, 18.78, 24.62, 29.46, 33632, 37.33,
36.41, 33.99, 30.86, 27.59, 24.75, 22.31, 20.3(B2,919.63, 21.15, 23.59, 25.61, 26.30, 26.01,32528.82,
28.98, 31.48, 35.62, 40.07, 43.43, 44.70, 43.2%7398B6.33, 33.50, 30.84, 27.76, 24.11, 20.52,6,714.33,
12.22, 10.45, 8.90, 7.82, 7.04, 6.35, 6.06, 6.31%6,78.18, 9.18, 10.03, 11.11, 12.32, 13.26, 1312528, 9.18,
5.45, 2.84, 1.98, 2.54, 3.87, 4.17, 3.59, 3.0%,2308, 1.69, 1.32, 0.79, 0.39, 0.06, 0.00, 00000, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.89, 2.93, 5.78, 9.8433,316.75, 19.61, 21.14, 21.84, 22.89, 23.78, 248D6, 26.93,
27.53, 27.53, 27.57, 27.07, 26.11, 24.94, 23.9B®21.02, 20.66, 18.34, 14.01, 8.76, 3.50, 00000, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.009,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000OQ, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.000,00000, 0.00, 0.00, 0.00, 0.00, 0.10, 4.17, 1015779, 24.02,
27.60, 29.63, 31.55, 33.26, 34.94, 36.96, 39.4&264245.25, 47.58, 48.27, 47.04, 44.76, 42.50,01148.97,
41.08, 40.81, 40.24, 39.24, 37.73, 35.64, 33.27/23®8.26, 25.20, 21.42, 16.50, 11.18, 6.74, (O0WD, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.003,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0O0OQ, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.007,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000DQ, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.009,00000, 0.00, 0.00, 0.00, 0.68, 3.58, 8.33, 1422910, 24.86,
28.91, 32.37, 35.53, 38.01, 39.60, 40.52, 41.08304141.05, 39.73, 37.81, 35.92, 34.32, 32.94,43133.38,
31.96, 33.67, 35.85, 37.27, 37.73, 37.91, 38.2QBA0.62, 41.21, 41.05, 40.63, 40.20, 39.53,(B835.89,
31.42, 25.05, 17.71, 10.56, 5.07, 1.76, 0.23, (0AW), 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.000,00.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.009,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0000Q, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.51, 2.28, 4.97, 6.461 B33, 4.71, 5.69, 9.18, 12.21, 15.86, 19.442327.60, 32.25,
35.43, 38.59, 40.99, 42.03, 42.14, 42.24, 42.1%31242.81, 42.53, 41.81, 41.38, 41.28, 41.37,04144.61,
41.61, 41.62, 42.15, 42.77, 43.32, 44.25, 44.35301443.83, 43.89, 44.28, 45.22, 45.74, 45.93,20448.06,
41.13, 39.29, 37.65, 36.22, 34.71, 33.48, 32.25/5132.19, 33.89, 36.10, 38.28, 39.72, 41.13,31248.13,
46.03, 47.67, 48.94, 49.73, 49.65, 49.10, 48.48[14747.06, 46.71, 46.44, 46.39, 46.18, 45.94,24546.62,
45.55, 45.55, 45.67, 45.67, 44.98, 43.73, 42.4139}038.98, 36.55, 32.40, 26.93, 21.89, 17.40,11518.23,
10.19, 6.97, 4.73, 3.81, 4.14, 6.86, 11.39, 17245]12, 29.28, 31.58, 33.45, 34.37, 35.18, 36.0%03B636.99,
37.39, 37.27, 37.06, 36.62, 36.07, 35.62, 35.661B637.47, 39.91, 42.70, 45.07, 46.77, 47.55,44747.78,
47.79, 47.78, 47.62, 47.71, 47.74, 47.35, 46.7714645.57, 45.09, 44.42, 42.91, 41.04, 39.50,5838.74,
39.36, 39.22, 38.50, 38.67, 39.26, 41.21, 43.0313}1444.40, 44.69, 43.89, 42.45, 40.44, 38.62,23638.16,
32.74,29.76, 25.65, 21.26, 16.32, 11.76, 7.111,,343, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, COOW), 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.73, 2.543,510.30, 15.81, 19.23, 19.90, 17.65, 14.43, 1312®3, 10.07,
6.33, 2.57, 0.15, 0.00

Appendix C
Fleet-BEV-Rural-Cycle at 1 Hz acquisition rate wsgparator “,”:

0.00, 0.00, 0.00, 0.00, 1.20, 3.05, 4.41, 8.021,216.53, 21.03, 24.00, 24.93, 27.51, 29.55, 3138(B0, 36.29,
37.66, 38.85, 38.91, 39.51, 40.77, 42.57, 44.36631%46.41, 47.40, 48.32, 49.66, 50.83, 51.38,15158.82,
51.38, 51.07, 50.97, 51.17, 51.81, 52.80, 54.08815455.92, 56.86, 57.46, 58.32, 59.18, 59.76,%061.47,
61.35, 61.35, 61.29, 61.44, 61.75, 61.83, 61.619/162.69, 63.62, 64.56, 65.06, 65.07, 65.13,3%53.59,
65.71, 65.69, 65.42, 65.11, 64.73, 64.71, 64.97306%5.35, 65.37, 65.28, 65.54, 65.54, 65.21,%361.99,
60.62, 59.90, 59.19, 58.99, 58.39, 57.74, 57.03(%666.21, 55.08, 54.77, 55.37, 57.05, 59.57,4162.18,
63.10, 63.86, 64.59, 64.94, 64.59, 64.06, 63.74/464.63, 65.40, 65.73, 65.73, 65.59, 65.28,63468.01,
63.27, 63.17, 63.58, 63.96, 64.54, 64.80, 65.258%%6.86, 68.52, 70.06, 70.85, 71.64, 72.00,32(3.65,
74.81, 75.67, 76.49, 77.02, 77.57, 78.14, 78.7%3(9B0.18, 80.68, 81.33, 81.18, 80.35, 79.45,178/3.13,
76.58, 75.57, 74.28, 73.13, 72.14, 71.26, 70.53[/%8.73, 68.02, 67.77, 67.85, 68.11, 68.50,59%69.43,
70.13, 70.75, 71.47, 71.67, 71.71, 71.52, 71.559/172.05, 72.33, 72.98, 73.66, 74.07, 74.43,6/474.62,
74.19, 73.32, 72.17, 71.04, 70.25, 69.74, 69.43416%9.67, 68.38, 65.79, 61.95, 58.23, 55.01,5352.68,
53.50, 54.96, 56.73, 57.12, 55.53, 53.59, 49.97424643.30, 39.75, 35.81, 32.90, 31.75, 33.79,(B&48.42,
47.66, 50.69, 53.78, 56.54, 58.99, 61.15, 62.66/%3%4.85, 66.10, 67.34, 68.67, 69.69, 70.47,31/2.02,
72.86, 73.77, 74.76, 75.74, 76.66, 77.31, 78.0339/878.81, 79.25, 79.78, 80.21, 80.79, 80.93,48080.31,
79.90, 79.53, 79.17, 79.20, 78.81, 78.21, 77.590[6/6.23, 75.79, 74.97, 74.16, 73.59, 73.30,%,373.15,
73.18, 73.49, 74.07, 74.85, 75.71, 76.59, 77.68[Z(879.19, 78.98, 77.93, 76.37, 74.54, 73.06,2/169.69,
66.82, 62.97, 57.36, 50.90, 43.90, 37.18, 31.3B12&24.57, 24.93, 27.79, 31.80, 35.69, 38.33, BH1.31,
43.75, 46.01, 48.21, 50.06, 50.74, 50.88, 50.8RA4A6.92, 43.30, 39.57, 36.36, 34.20, 32.66,3233.03,
33.98, 36.57, 39.62, 42.79, 46.20, 49.03, 50.501.5150.43, 48.45, 45.55, 43.06, 41.55, 40.44,33835.05,
33.15, 30.63, 28.22, 24.82, 20.19, 15.46, 10.71(8,%.99, 6.57, 7.29, 7.90, 8.66, 10.25, 11.5471,212.38, 11.38,
10.78, 10.08, 9.79, 9.65, 8.57, 7.75, 7.63, 8.11,8.00, 4.80, 2.41, 1.25, 0.97, 0.60, 0.36, 0000, 0.00, 0.00,
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0.00, 0.00, 0.00, 0.00, 0.02, 1.26, 3.70, 7.47/64,115.14, 17.17, 17.68, 17.50, 17.37, 17.44, 171822, 16.56,
16.13, 15.56, 14.90, 14.31, 14.02, 14.58, 16.123181.06, 24.63, 28.69, 32.55, 35.51, 37.34,@84D.06,
41.19, 41.72, 41.85, 42.19, 43.60, 46.24, 49.601(636.36, 59.21, 61.56, 63.52, 65.22, 66.94,158/8.83,
72.84, 74.79, 76.61, 78.35, 79.97, 81.42, 82.6983834.88, 85.75, 86.40, 86.84, 87.08, 87.15,B7BY.25,
87.50, 87.97, 88.60, 89.25, 89.80, 90.23, 90.58M®1.13, 91.54, 91.95, 92.32, 92.58, 92.76,9292.89,
92.84, 92.78, 92.71, 92.62, 92.53, 92.46, 92.4139202.40, 92.29, 92.12, 91.93, 91.78, 91.68,20191.74,
91.72, 91.70, 91.63, 91.52, 91.36, 91.07, 90.6&®(B9.84, 89.49, 89.22, 89.13, 89.37, 90.01,®096.96,
90.69, 89.92, 88.90, 87.95, 87.06, 86.32, 85.88836.14, 86.60, 87.12, 87.60, 88.15, 88.69,48%89.49,
89.72, 89.75, 89.76, 89.71, 89.69, 89.79, 89.909@BB9.95, 89.86, 89.75, 89.65, 89.54, 89.46,8%2.00,
88.67, 88.33, 88.03, 87.73, 87.36, 86.87, 86.13@584.25, 82.85, 80.95, 78.63, 75.84, 73.20,7/160.46,
68.40, 67.86, 67.67, 67.83, 68.06, 68.08, 67.5%3%K654.91, 62.74, 59.77, 56.15, 52.38, 49.06,91646.38,
44.79, 44.58, 44.66, 44.81, 45.01, 45.23, 45.6481647.23, 48.38, 49.59, 50.58, 51.09, 50.59,01848.17,
42.76, 39.24, 36.37, 34.52, 33.55, 33.65, 34.755638.80, 41.47, 44.08, 46.67, 48.96, 50.76,80153.67,
51.45, 51.07, 50.49, 49.79, 48.94, 48.28, 48.1H4849.26, 49.77, 49.98, 50.04, 50.09, 50.17,4H5042.81,
48.78, 47.22, 44.98, 42.03, 38.97, 35.87, 33.2%73130.56, 29.77, 29.41, 29.05, 28.88, 29.04,2%28.50,
29.62, 28.82, 27.53, 26.39, 26.27, 27.53, 30.08®B25.42, 37.68, 39.64, 41.46, 43.16, 44.70,44640.23,
48.29, 49.34, 50.35, 51.10, 51.44, 51.13, 50.300.24947.78, 46.54, 45.73, 45.06, 44.35, 43.37,51138.99,
38.08, 36.03, 33.84, 31.71, 29.55, 27.53, 25.65&31.88, 20.34, 19.00, 17.98, 16.27, 13.58,,%625, 1.77,
0.04, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.007,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000DQ, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.007,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000DQ, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.009,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0000O, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 1.65, 6.00, 10.13, 15.78&, 27.82, 33.22, 37.71, 40.68, 44.85, 49.8B&HH0.26, 63.57,
67.30, 69.10, 69.53, 72.03, 75.46, 79.49, 83.7313866.97, 88.25, 88.66, 87.70, 85.83, 83.97,8286.79,
75.41, 66.81, 55.73, 45.77, 39.60, 33.75, 27.63[2116.34, 14.47, 17.45, 21.53, 24.89, 24.96,2218.82,
17.16, 16.97, 17.38, 16.56, 14.33, 11.79, 9.213,5®7, 5.33, 5.33, 6.00, 6.38, 5.98, 4.82, 342, 2.30, 2.51,
2.86, 2.56, 1.85, 0.97, 0.15, 0.00, 0.00, 0.00,0M®0, 0.00, 0.00, 2.06, 5.87, 9.54, 11.10, 97/l 7.06, 9.22,
13.72, 18.53, 21.03, 20.19, 16.31, 10.87, 5.53},2%0, 5.96, 12.17, 19.69, 26.44, 32.30, 37.2%54 45.51,
48.86, 51.81, 54.36, 56.60, 58.67, 60.68, 62.6%%466.37, 68.07, 69.66, 71.21, 72.73, 74.20,95/6.10,
78.47, 79.77, 80.82, 81.38, 81.34, 80.56, 79.2184(776.93, 76.76, 77.18, 77.85, 78.32, 78.59,6/8/8.71,
78.71, 78.73, 78.65, 78.36, 77.72, 77.00, 76.549/5/3.86, 70.84, 66.77, 62.38, 58.38, 54.42,48047.98,
46.47, 46.33, 47.06, 48.09, 49.24, 49.75, 49.53[4847.64, 46.78, 46.60, 46.63, 46.77, 46.88,81646.33,
45.56, 44.64, 43.28, 41.35, 38.31, 33.68, 28.51012523.54, 23.42, 23.54, 22.70, 21.74, 22.29,®42B.82,
29.76, 32.49, 35.14, 37.58, 39.51, 40.94, 41.740%4242.02, 41.80, 41.50, 41.18, 40.86, 40.72,3104D.96,
41.31, 41.68, 42.06, 42.43, 42.82, 43.08, 43.1QA3A3.11, 42.94, 42.83, 42.74, 42.73, 42.94,313:48.48,
43.55, 43.49, 43.18, 42.83, 42.73, 42.61, 42.1043}140.75, 40.83, 41.93, 43.75, 45.79, 47.65,4%6D.57,
51.53, 52.13, 51.75, 50.67, 49.54, 48.86, 48.57095746.00, 43.20, 40.99, 40.47, 42.01, 44.94,04853.23,
53.40, 54.78, 55.57, 56.12, 56.68, 57.26, 57.784589.18, 60.08, 61.11, 62.09, 63.05, 63.94,(H465.31,
65.71, 65.85, 66.07, 65.61, 64.17, 62.29, 60.1%%7%5.68, 53.50, 51.26, 49.49, 48.15, 46.93, 61645.66,
45.38, 45.28, 45.10, 44.82, 44.53, 44.51, 44.53)4442.69, 40.95, 39.28, 38.25, 37.52, 36.43,(B432.51,
29.62, 26.25, 23.39, 21.80, 21.57, 22.66, 23.78431.63, 18.85, 15.54, 12.44, 9.07, 5.29, 32085, 4.09,
5.68, 5.90, 4.67, 3.76, 3.24, 2.76, 2.06, 1.15),00300, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000DQ, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.007,00000, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 000DQ, 0.44, 3.34,
8.42,15.01, 21.47, 26.84, 31.44, 35.06, 37.7&890.35, 40.38, 40.50, 41.01, 42.01, 43.38, 44562, 46.43,
47.14, 47.85, 48.61, 49.36, 50.11, 50.68, 50.9915151.24, 51.35, 51.70, 52.56, 54.19, 56.66,5H9%2.45,
65.06, 67.44, 69.86, 72.31, 74.52, 76.12, 76.8166({675.97, 75.15, 74.49, 74.14, 74.13, 74.28,27478.81,
74.85, 74.57, 74.17, 73.66, 73.25, 73.04, 72.9809/2/3.30, 73.78, 74.45, 75.12, 75.90, 76.64,0/78.21,
78.96, 79.31, 79.26, 79.06, 78.59, 77.22, 74.300%8&1.38, 53.82, 47.53, 43.69, 42.28, 42.22,4,248.05,
43.45, 43.87, 44.34, 45.04, 46.02, 47.17, 48.00)A4847.04, 45.03, 42.32, 39.43, 37.11, 36.04,3538.93,
35.99, 35.75, 35.64, 35.85, 36.13, 36.31, 36.7NB737.04, 36.42, 35.05, 33.29, 31.53, 28.52,72318.28,
14.28, 13.44, 15.99, 19.91, 22.73, 23.77, 23.06406.19, 10.53, 0.00
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