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Abstract 

Electric vehicles (EVs) have the potential to be operated using a clean, renewable energy 

source. However, a major limitation is their relatively short vehicle driving range and the 

associated driver ‘range anxiety’. This research investigates the effect of gearing on energy 

consumption and driving range efficiency on an EV-converted Ford Focus using a chassis 

dynamometer in a controlled test environment in accordance with international standards. 

Two designs of the Ford Focus were used in the tests; one with an automatic gear drive, and 

the other with a manual gear drive. The electricity consumption of the two cars driving under 

different gearing configurations was measured under identical drive cycles. The vehicle range 

tests showed that measuring energy consumption on just two consecutive drive cycles on a 



calibrated chassis dynamometer will lead to a small overestimation of the energy 

consumption due to a ‘cold’ drive train. The results also suggest greater attention needs to be 

paid to EV battery charger efficiency, particularly in terms of standby energy consumption, 

which can increase the total energy required for EV owners markedly. 
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1. Introduction 

The International Energy Agency (IEA) states that transport accounts for about 25% of the 

total global CO2 production [1]. Electric vehicles (EVs) are a viable alternative to internal 

combustion engine (ICE)  vehicles and can contribute to reduction of energy security and 

supply risks, and mitigate carbon emissions and air pollution, provided the energy to run EVs 

is supplied from local renewable energy sources and is well-integrated with the electricity 

system [2-10]. Health issues and increased mortality from  ICE vehicle air pollution is a 

consequence of increased exposure to exhaust gas emissions and particulates [2, 5]. As a 

single example, an air quality study by Yim and Barret [11] found about 19,000 premature 

deaths in the UK per year due to combustion emissions generated in the UK and mainland 

Europe. This number far exceeds the annual road fatalities in the UK (1,901 fatalities and 

23,122 serious injuries in year 2011 [12]) or the estimated 7,500 premature deaths from 

transport in general [11]. New and potentially cleaner transport technologies such as EVs, 

however, are not yet mainstream and their wider adoption has been hindered by several issues 

including high purchase costs, short vehicle driving ranges, limited recharging/refuelling 

stations, time-consuming recharging of batteries, vehicle safety, specialist vehicle 

applicability, and concerns of electricity infrastructure inadequacy in many regions [2, 3, 9, 

10, 13-20]. 



 The idea of the EV is not new; they first appeared in the mid-19th century when ICE 

vehicles required hand cranking to start [3]. Yet, after the invention of the electric starter 

motor for combustion engine vehicles, many EVs disappeared from the market and the ICE 

became the dominant vehicle propulsion technology. In 1997 Toyota developed the Prius, the 

first mainstream hybrid EV [21], primarily developed for improving fuel economy and more 

efficient urban driving [14]. Toyota reached a cumulative sale of two million Prius vehicles 

in 2010, making it the world’s best-selling hybrid car, and in 2012 CNN claimed that by the 

end of that year most major car manufacturers will have a plug-in car available for sale [22]. 

Further trends towards large-scale manufacturing of EVs has become a political imperative, 

with President Obama’s goal of one million EVs in the US by 2015, representing a milestone 

in the reduction of the dependency on foreign oil imports [23]. However, there is sparse 

refilling infrastructure available for EVs and they cannot be refuelled within a comparable time 

to liquid or gas ICEs [10, 14]. The options for recharging EVs at present are limited to homes, 

some workplaces and a few official charging stations. Therefore, it is  imperative that EV 

driving ranges are optimised, the cars are efficiently designed and  the car is driven in an 

energy-efficient manner  [24]. Nonetheless, many EV enthusiasts have not waited for buy-in 

from major car manufactures or widely available charging infrastructure [3]. In Australia, for 

example, an Electric Vehicle Organisation was founded in 1973 [25] and is still operational 

today, providing forums for social and technical communication to support the local car 

conversion industry, such as EV-Works in Landsdale, Perth, Western Australia [26], or 

Electric Vehicle Conversions in Balcatta, also in Perth, Western Australia [27]. These 

companies offer the conversion of a standard car into an EV. Figure 1 shows one of the two 

Ford Focus vehicles tested for this study, both of which were standard factory motor vehicles 

that were converted by EV-Works into pure EVs [28]. Both vehicles had identical electric 

main drive motors, controllers and batteries (lithium-ion), with the only difference being the 

gearing.   



[Insert Figure 1 approximately here]. 

 

 

2. EV Testing and Drive Cycles  

Measuring the performance and efficiency of EVs is a complex task when considering the 

effects of variable environmental factors, such as wind speed and direction, temperature, and 

ascending and descending slopes. All of these provide testing challenges and may significantly 

influence a vehicles’ energy consumption and driving range testing results [4]. Many of these 

problems can be overcome by using a chassis dynamometer, a device capable of measuring 

forces on a car’s wheels or engine. Some advanced chassis dynamometers are computer 

controlled and are capable of simulating driving under real road conditions.  

 Drive cycle testing was developed in the late 1960s for uniform emission testing on 

passenger cars with combustion engines [29, 30]. A drive cycle represents a common driving 

pattern of motor vehicle users, and testing is usually performed on a calibrated chassis 

dynamometer to provide a stable, climate controlled and traffic-free environment. Drive 

cycles use predefined speed and acceleration profiles, and for a specific vehicle test, the 

(often human) test driver of the motor vehicle is required to follow the profile. To maintain 

the required profiles, a computerised driving aid supports the driver by indicating the rate of 

acceleration and deceleration of the vehicle, and vehicle operating conditions, to produce a 

valid test drive. Meeting these operating conditions is critical as the rate of acceleration, 

deceleration and vehicle speed influence vehicle emissions, energy consumption, etc., and 

heavily influence test results. Figure 2 shows a typical computer driving aid used for this 

research and in industry for vehicle testing.  

 There are several international standards for chassis dynamometer drive cycle testing 

for combustion engine vehicles for different countries, and they all exhibit somewhat 

different drive cycle profiles and properties. The New European Driving Cycle (NEDC), 

introduced in 2000 [31], contains the European Union Urban Driving Cycle (UDC or ECE-



15) and the Extra Urban Driving Cycle (EUDC), which is applied for Euro 3 standards and 

onwards emission testing. The first section represents the European Union Urban Driving 

Cycle from the Economic Commission for Europe (ECE) with a slow suburban test for 780 

seconds. The second section represents a highway driving speed pattern for an additional 400 

seconds at high speed with no stopping. In contrast, the US Federal city driving pattern for 

vehicle testing, which is also known as the FTP 75 (Federal Test Procedure) developed by the 

U.S. Environmental Protection Agency, exhibits a more ‘aggressive’ urban/city drive cycle 

than the ECE. The second section (highway driving) represents driving on a freeway with no 

stopping and little deceleration. The high dynamic variation in the FTP 75 city cycle is likely 

to represent a more ‘real world’ driving scenario than the ECE urban cycle with its ‘flatter’ 

shaped profile representing consistent and slow driving conditions. These drive cycle 

standards are also used for EV testing [32]. From an EV testing perspective, drive cycles 

provide a uniform testing procedure for range and energy consumption, and also for other 

performance testing including the evaluation of regenerative braking systems (RBS) and anti-

lock braking systems (ABS). This research focusses on demonstrating efficiency and range 

characteristics using only gearing configurations without the benefits of RBS, which can vary 

considerably depending on vehicle and driving conditions, and exhibit strong dependencies 

on optimisation and calibration to match loads.  

 Although the predefined drive cycles provide a stable test procedure for vehicle 

comparisons, they will not always reflect actual road conditions, and how vehicles will 

perform in practice. Variables such as hills, air resistance, temperatures, road surfaces, 

various traffic conditions and driving patterns will all influence performance, efficiency and 

energy consumption of a vehicle [24, 33, 34]. A study conducted by the University of 

Sheffield [35] investigated EV energy consumption and range tests on a laboratory chassis 

dynamometer and compared results with equivalent road tests, all repeated for various 

driving patterns. The range for the EV (a Smart Fortwo electric drive) in the chassis 



dynamometer range tests was between 105.66 km and 114.68 km for all selected driving 

patterns, demonstrating how different drive cycles can influence the range of the vehicle. The 

road tests showed an even larger variation in vehicle range, with the maximum range 

recorded between 61.2 km and 74.0 km [36]. Further investigations of test driving an EV on 

real roads with a pool of 25 different drivers found larger variations in the maximum range of 

between 56 km and 107 km [35]. This study highlighted the significant differences in driver 

behaviour on road tests, and resulting range and energy consumption variations, emphasising 

the importance of chassis dynamometer testing for benchmarking results. 

  

[Insert Figure 2 approximately here]. 

 

3. Materials and Method 

Two Ford Focus EVs were tested on a computer-controlled chassis dynamometer at the 

Orbital Corporation facility in Balcatta in Perth, Western Australia. Car 1 had a manual 

factory gearbox whereas Car 2 had a factory automatic gearbox installed. Neither vehicle 

employed a regenerative braking system. Table 1 provides an overview of the two different 

EV vehicles and their configurations for testing. 

 

Table 1: An overview of the Ford Focus EV gearing, battery, motor and configurations. 

Model Gearbox Battery Motor RBS Factory EV 

1. Ford Focus [37] Manual 144V, 23kWh 80kW No No 

2. Ford Focus [37] Automatic 144V, 23kWh 80kW No No 

 

Figure 3 shows the Ford Focus on an energy consumption test on the chassis dynamometer. 

The custom-made instrumentation system was used to measure the electric current from/to, 

and voltage of, the battery bank, and the distance driven during the experiment. Orbital’s 

calibrated test equipment and instrumentation included a capability for road load simulation. 



The test facility fulfils the requirements for the testing of motor vehicles according to 

international standards. The facility was adapted to be suitable for EV testing by installing 

additional equipment as described below. The existing chassis dynamometer instrumentation 

logged the ambient temperature, vehicle speed, and dynamometer force parameters during the 

drive cycle tests. The computer of the chassis dynamometer contained pre-programmed drive 

cycles that met the requirements of the United Nations ECE Regulations R101 standard [32]. 

 

[Insert Figure 3 approximately here]. 

 

3.1. Vehicle Instrumentation 

In addition to the dynamometer instrumentation systems, a custom-designed, constructed and 

programmed data acquisition system was installed and calibrated to log the following data: 

date and time; vehicle main battery voltage (V); main battery charge current (-A); main 

battery discharge current (+A); motor controller temperature (°C); brake light status 

information (on/off), and brake pedal foot pressure (kg). The core of the system was a 

National Instruments data acquisition unit, together with hardware and a graphical user 

interface that were designed for measuring, displaying and logging vehicle test data. An open 

source application programmed using LabVIEWTM software provided the option to modify 

the system during the project if required. The data sampling rate was 500 Hz, with data 

averaged and stored in a text file every second, such that testing to the NEDC produced a text 

file with 1,180 averaged data points. In addition to the custom-built instrumentation the two 

electric Fords were equipped with an installed energy meter from TBS Electronics BV [38]. 

The meter measured the main battery voltage (V), instantaneous current (A), cumulative 

ampere hours (Ah), and battery state of charge (SOC) in percentage (%), through a multi-

functional display. The TBS energy meter was required in order to provide information to 

meet the standard R101 [32], which states that all vehicle recharge electricity is measured on 



the wall socket. Due to the impractically of this arrangement in the facility, the TBS energy 

meter provided this data. The unit of specific energy consumption required by the R101 

standard is Wh/km, and to approximate the vehicle energy consumption in Wh, the main 

battery voltage was logged over two drive cycles, averaged and multiplied by the recorded Ah 

displayed by the TBS energy meter. This technique was assumed to be within an acceptable 

accuracy as the typical voltage discharge curve of a lithium-ion cell or lithium polymer cell is 

relatively stable to a discharge capacity percentage of about 80%. After testing, the vehicle was 

required to be recharged and the charge energy E measured as described above. The electric 

energy consumption c (expressed in Wh/km and rounded to the nearest whole number), is 

defined as c = E / Dtest, where Dtest is the distance (km) covered during the test [32]. The charge 

energy E was divided by an assumed charging system efficiency of 0.86. The charging system 

efficiency was derived from the assumed battery charging efficiency of 0.88 [39], 0.99 for the 

battery recharge efficiency [40], and 0.99 for the wiring system. The total cumulative energy 

was then divided by the km measured to obtain energy consumption in Wh/km. All data was 

analysed using a spreadsheet and a graphical interface. 

 The electric Ford Focus uses 45 lithium-ion-phosphate battery cells of 160Ah each, so 

a total of 23kWh, from supplier Winston Batteries, China. This battery cell type has a 

nominal voltage of 3.2V and an almost linear discharge curve down to 2.8V at 90% discharge 

at room temperature when applying the maximum recommended constant discharge rate of 

3C (equivalent to 480A). Our measurements, shown in Figure 4, highlight the fluctuating 

battery voltage level during the much more realistic discharge of two consecutive drive 

cycles. The drop in battery voltage is proportional to load, especially during acceleration 

phases and when maintaining the higher vehicle speeds of the extra-urban cycle. However, 

during the brief break between drive cycles, the voltage level recovers to a level close to the 

initial voltage. 

 



[Insert Figure 4 approximately here]. 

 

3.2. The R101 Standards and Vehicle Testing Procedures 

The testing procedures for the energy consumption and range tests were conducted as close as 

practicable to the United Nations ECE Regulations R101 standard (for the EV testing 

procedure with regards to energy consumption and range see Annex 7 and Annex 9 of the 

standard, respectively,  [32]). The R101 is a United Nations regulation from the year 2005 [41], 

that allows comparable emission/fuel/energy consumption measurements of motor vehicles 

under idealised road conditions using a chassis dynamometer. Regulations such as R101 were 

developed for uniform testing of passenger cars powered by ICEs only, or powered by a hybrid 

electric power train. Measured are CO2 emissions and fuel consumption for ICE cars, as well 

as electric energy consumption and electric range for hybrid and battery-electric cars. For the 

EV energy consumption test, the standard requires the vehicles and the battery to be 

preconditioned prior to testing to provide uniform testing conditions for all types of vehicles 

and batteries. (Figure 5). The key requirement includes the main battery to be in operation for 

at least seven days, to have undergone driving of a minimum of 300 km, and to be fully 

discharged and then fully charged prior to performance testing. In addition, the vehicles were 

required to remain at a temperature between 20°C to 30°C, with vehicle tyres inflated to 

pressures specified by the vehicle manufacturer. All drive cycles were required to be completed 

with all auxiliary devices such as the heater and air-conditioner switched off. The test drive 

required two consecutive NEDC drive cycles with a maximum tolerance of +/- 2 km/h in the 

speed profile, and +/- 1s in time. The end of the range test, as defined by the R101 standard, 

occurs when the vehicle cannot maintain 50 km/h, or there is an indication from the car 

informing the driver that the vehicle must be stopped due to a low battery level [32]. The 

vehicle was required to drive continuous NEDC drive cycles until the battery was discharged. 

(Figure 6). Prior to the experiments, however,  the test vehicles’ main batteries could not be 



fully discharged and recharged due to the time restriction for other ongoing projects and test 

drives conducted at Orbital’s facility. Therefore, the two electric Fords’ pre-test battery 

conditioning was limited to a full charge overnight prior to testing in a dedicated charging area. 

Test procedures such as those used in the Advanced Vehicle Testing Activity (AVTA), were 

outside the scope of the research [42]. 

[Insert Figures 5 and 6 approximately here]. 

 

4. Results and Discussion 

4.1. Experiment 1: Ford Focus Manual Energy Consumption and Range Test 

The Ford Focus manual EV (Car 1) was tested using NEDC drive cycles according to the R101 

standard with the aim of measuring the energy consumption and the maximum vehicle driving 

range under different gear selections. The vehicle energy consumption test required two 

consecutive NEDC drive cycles in gears 2 and 4, where the city cycle and the highway cycle 

were driven in second and fourth gear, respectively. After fully recharging the batteries 

overnight, the vehicle was driven again for the same pattern in gears 3 and 4. Vehicle energy 

consumption results were manually recorded from the TBS energy meter for each individual 

drive cycle. The TBS energy meter recorded discharge capacities during two consecutive 

NEDC drive cycles in second and fourth gear. The first drive cycle recorded a discharge of 5.1 

Ah for the city driving part of the cycle and a discharge of 10.2 Ah for the highway driving part 

of the cycle. In the second cycle, the TBS energy meter recorded slightly lower discharge 

capacities of 4.7 Ah and 10 Ah for both city and highway driving, respectively. This was 

assumed to be due to reduced friction within the driving train, including the gearbox, bearings 

and tyres subsequent to the completion of the first drive cycles. The TBS energy meter 

recorded slightly lower discharge rates in all second drive cycles for all of the Ford Focus 

manual EV experiments. For example, the discharge from two consecutive NEDC cycles in 

gears 3 and 4 for the first cycle was 4.8 Ah for the city driving part of the cycle and 10.0 Ah for 



the subsequent highway driving part of the cycle. In the second cycle   lower discharges of 4.7 

Ah and 9.9 Ah were recorded for city and highway driving, respectively. The calculated energy 

consumption from the two consecutive drive cycles in gears 2 and 4 without charge losses was 

195 Wh/km (see Table 2). However, after charging system efficiency loss calculations were 

included, the total energy consumption results were 226 Wh/km. Similarly Table 3 shows the 

calculated energy consumption in gears 3 and 4 of 195 Wh/km without recharge losses. When 

including the recharge losses the calculated vehicle’s total energy consumption increases to 226 

Wh/km. These differences demonstrate the importance of measuring both the energy used by 

the EV and the total energy required to recharge the EV. 

 

Table 2: The calculated energy consumption in Wh/km of the Ford Focus manual EV driving in 

gears 2 and 4. 

Driving 
cycle no. Gear 

Cumulative 
consumption 
w/out losses  

(Wh) 

Cumulative 
consumption            

inc. losses  
(Wh) 

Energy 
consumption 
w/out losses 

(Wh/km) 

Energy 
consumption  

inc. losses  
(Wh/km) 

Distance 
driven  
(km) 

1- City 2 751.9 871.8 - - 4.052 
1- Highway 4 2,193.2 2,542.9 199 231 11.007 
2- City 2 2,930.4 3,397.6 - - 15.059 
2- Highway 4 4,289.8 4,973.8 190 221 22.014 

Average    195 226  

 

Table 3: The calculated energy consumption in Wh/km of the Ford Focus manual EV driving in 

gears 3 and 4. 

Driving 
cycle no. Gear 

Cumulative 
consumption 
w/out losses  

(Wh) 

Cumulative 
consumption            

inc. losses  
(Wh) 

Energy 
consumption 
w/out losses 

(Wh/km) 

Energy 
consumption  

inc. losses  
(Wh/km) 

Distance 
driven  
(km) 

1- City 3 710. 873 - - 4.052 
1- Highway 4 2,156 2,500 196 227 11.007 
2- City 3 2,891 3,352 - - 15.059 
2- Highway 4 4,291 4,975 194 225 22.014 

Average    195 226  

 



After the completion of the energy consumption test, the vehicle’s battery was fully recharged 

and prepared for the range test. The range test involved driving continuous NEDC drive cycles 

in gears 2 and 4 until the battery was exhausted in order to obtain the vehicle’s maximum 

range. After an overnight full battery charge the range test was repeated in gears 3 and 4.  

Over a total of 5 hours and 15 minutes of driving, the range test provided data on the maximum 

vehicle range and the individual discharge capacities for each drive cycle during continuous 

driving. Table 4 shows the individual discharge capacity and energy consumptions over the 

whole range test driving in gears 2 and 4, and the maximum achieved distance of 143 km until 

the battery was exhausted. The car was not able to complete the highway part of the last cycle 

— marked with an asterisk (*) in Table 4. The significantly higher current recorded during the 

last drive cycle was due to a very low battery voltage from a low SOC and was unable to 

maintain the maximum required speed of 120 km/h. During acceleration to the required speed 

of 120 km/h, the battery was unable to provide sufficient energy, and the manufacturer’s 

warning signal light indicated to the driver to slow down the vehicle and stop. The energy 

consumption of city and highway driving in the first drive cycle were slightly higher than 

subsequent cycles, which again is likely to be due to decreasing drive train losses. Nonetheless, 

the table shows that during the range test the energy consumption was stable. Table 5 shows the 

equivalent EV maximum range test results using gears 3 and 4. Over a total of 5 hours and 30 

minutes of repeated drive cycles the maximum vehicle range achieved was 141 km. As during 

the previous experiment in gears 2 and 4, the discharge capacities in the first drive cycle were 

slightly higher than latter cycles, with Ah recordings increasing with decreased battery voltages 

when meeting the drive cycle specifications.  

 

Table 4: The recorded parameters during the range test up to 143 km, including individual drive 

cycle energy consumption, for the Ford Focus manual EV in gears 2 and 4. 

 Cycle no. TBS  
(Ah) 

TBS  
cycle  
(Ah) 

TBS  
voltage  

(V) 

TBS  
SOC  
(%) 

Energy  
use 

w/out 

Energy 
use 

without  

W/out 
losses 

(Wh/km) 

With 
losses 

(Wh/km) 

Km 
travelled 
(Dyno.) 



losses 
(Wh) 

losses 
(Wh) 

1- City 4.8 4.8 149 N/A 714 828   4.1 
1- Highway 14.9 10.1 149 N/A 2,213 2,565 201 233 11.0 
2- City 19.5 4.6 149 N/A 2,900 3,362   15.1 
2- Highway 29.4 9.9 148 N/A 4,342 5,035 193 224 22.0 
3- City 33.9 4.5 149 N/A 5,034 5,837   26.1 
3- Highway 43.8 9.9 147 N/A 6,443 7,470 191 221 33.0 
4- City 48.3 4.5 148 N/A 7,163 8,305   37.1 
4- Highway 58.2 9.9 147 62.7 8,5,61 9,926 192 223 44.0 
5- City 62.7 4.5 148 59.5 9,261 10,737   48.1 
5- Highway 72.6 9.9 147 53.5 10,658 12,357 190 221 55.0 
6- City 77.2 4.6 147 N/A 11,356 13,167   59.1 
6- Highway 87.1 9.9 146 44.2 12,751 14,784 190 221 66.0 
7- City 91.6 4.5 147 41.3 13,465 15,612   70.1 
7- Highway 101.6 10.0 146 34.9 14,844 17,210 190 220 77.0 
8- City 106.2 4.6 147 32.0 15,590 18,076   81.1 
8- Highway 116.4 10.2 146 25.5 16,936 19,636 190 220 88.1 
9- City 120.9 4.5 147 22.6 17,712 20,536   92.1 
9- Highway 131.0 10.1 145 16.1 18,982 22,008 186 215 99.1 
10- City 135.7 4.7 145 13.1 19,609 22,735   103.1 
10- Highway 145.9 10.2 144 6.5 21,010 24,359 184 214 110.1 
11- City 150.6 4.7 144 3.6 21,747 25,214   114.1 
11- Highway 161.1 10.5 143 0.0 22,973 26,636 178 207 121.1 
12- City 165.7 4.6 143 0.0 23,662 27,435   125.1 
12- Highway 176.3 10.6 139 0.0 24,506 28,413 139 161 132.1 
13- City N/A N/A N/A N/A N/A N/A   136.1 
13- Highway* 187.0 N/A 129 0.0 24,048 27,882 42 48 143.1 

          

 

 

 

  



 

Table 5: The recorded parameters during the range test up to 141 km, including individual drive 

cycle energy consumption, for the Ford Focus manual EV in gears 3 and 4. 

Cycle no. TBS  
(Ah) 

TBS  
cycle  
(Ah) 

TBS  
voltage  

(V) 

TBS  
SOC  
(%) 

Energy  
use 

w/out 
losses 
(Wh) 

Energy 
use 

without  
losses 
(Wh) 

W/out 
losses 

(Wh/km) 

With 
losses 

(Wh/km) 

Km 
travelled 
(Dyno.) 

1- City 5 5 149 97 715 829     4.1 
1- Highway 15 10 148 90 2,226 2,581 202 234 11.0 
2- City 20 5 149 87 2,931 3,399     15.1 
2- Highway 30 10 148 81 4,366 5,062 194 225 22.0 
3- City 34 5 149 78 5,097 5,910     26.1 
3- Highway 44 10 147 72 6,530 7,571 197 228 33.0 
4- City 49 5 148 69 7,257 8,414     37.1 
4- Highway 59 10 147 62 8,644 10,022 192 223 44.0 
5- City 63 5 148 59 9,371 10,865     48.1 
5- Highway 73 10 147 53 10,738 12,451 190 221 55.0 
6- City 78 5 147 50 11,437 13,260     59.1 
6- Highway 88 10 146 44 12,839 14,886 191 221 66.0 
7- City 92 5 147 41 13,583 15,748     70.1 
7- Highway 102 10 146 34 14,936 17,317 190 221 77.0 
8- City 107 5 147 32 15,718 18,224     81.1 
8- Highway 117 10 145 25 17,012 19,724 189 219 88.1 
9- City 122 5 146 22 17,817 20,658     92.1 
9- Highway 132 10 144 16 19,032 22,066 184 213 99.1 
10- City 137 5 145 13 19,862 23,028     103.1 
10- Highway 147 10 144 6 21,051 24,408 183 213 110.1 
11- City 152 5 144 3 21,846 25,329     114.1 
11- Highway 162 10 142 0 23,026 26,697 179 208 121.1 
12- City 166 5 143 0 23,745 27,531     125.1 
12- Highway 177 11 138 0 24,412 28,304 126 146 132.1 
13- City 182 5 136 0 N/A N/A     136.1 
13- Highway* 187 5 126 0 23,586 27,347 91 106 141.1 

 

 

4.2. Experiment 2: Ford Focus Automatic Energy Consumption and Range Test 

Experiment 2 investigated the energy consumption and the vehicle driving range of the 

automatic Ford Focus EV (Car 2). The vehicle was driven for two consecutive NEDC drive 

cycles in automatic gear mode D. After the completion of the energy consumption test the 

vehicle was fully recharged overnight before the range test, which involved driving continuous 

NEDC drive cycles until the battery was exhausted. Table 6 shows the discharge (Ah) recorded 



from the TBS energy meter during the driving of two consecutive NEDC drive cycles, and 

contrasts the results with the Ford Focus EV manual NEDC drive cycles in gears 2 and 4, and 3 

and 4. In the first cycle, the battery discharge recording for the city driving part of the cycle was 

8.4 Ah, and the discharge for the following highway driving part of the cycle was 13.0 Ah. In 

the second NEDC cycle, the battery discharge differed for city driving (8.0 Ah) with the 

discharge for highway driving remaining the same as in the first cycle (8.4 Ah). When 

comparing the automatic EV versus the manual EV battery discharge recording over identical 

NEDC drive cycles, the automatic clearly discharged the battery to a greater extent than either 

of the manual gearing tests. The calculated automatic Ford Focus EV energy consumption 

without recharge losses was 273 Wh/km, and the calculated total energy consumption 

(including losses) was 317 Wh/km (Table 7). 

 

Table 6: A comparison of the battery discharge, over two NEDC drive cycles, of the Ford 

Focus automatic EV, and the Ford Focus manual EV. . 

 Automatic Manual Manual 

Driving 
cycle no. Gear 

Discharge  
during cycle 

(Ah) 
Gear 

Discharge  
during cycle 

(Ah) 
Gear 

Discharge  
during cycle 

(Ah) 
1- City D 8.4 2 5.1 3 5.14.8 
1- Highway D 13.0 4 10.2 4 10.2 
2- City D 8.0 2 4.7 3 4.7 
2- Highway D 13.0 4 9.9 4 10.0 

 

Table 7: The calculated energy consumption in Wh/km of the Ford Focus automatic EV driving 

in gear D. 

Driving 
cycle no. Gear 

Cumulative 
consumption 
w/out losses  

(Wh) 

Cumulative 
consumption            

inc. losses  
(Wh) 

Energy 
consumption 
w/out losses 

(Wh/km) 

Energy 
consumption  

inc. losses  
(Wh/km) 

Distance 
driven  
(km) 

1- City D 1,228 1,424 - - 4.052 
1- Highway D 3,045 3,530 277 321 11.007 
2- City D 4,286 4,969 - - 15.059 
2- Highway D 6,010 7,968 269 312 22.014 

Average    273 317  



 

 Table 8 shows the individual drive cycle energy consumptions and the maximum 

vehicle range for the Ford Focus automatic EV driving in gear D. The last NEDC highway 

drive cycle, marked with an asterisk (*), was incomplete due the exhausted battery.  After the 

four hours and 45 minutes of driving the vehicle achieved a distance of 94.1 km. Figure 7 

compares the maximum driving ranges of the two EVs with all tested gearing configurations. 

The figure shows similar vehicle ranges of 143 km and 141 km for the two Ford Focus manual 

EV gearing cases. However, the much higher energy consumption from the Ford Focus 

automatic EV resulted in a significant reduction of the drivable range to just 94 km. Errors of 

the measured maximum driving distance were limited to the maximum allowable speed 

deviation of +/- 2 km/h and the chassis dynamometer instrumentation accuracy of 0.5%. These 

experiments demonstrate that appropriate automatic EV gearing is a fundamental factor in 

maximising energy efficiency and drivable range. Figure 8 shows the individual battery 

discharge capacities for each drive cycle in all range tests, showing a generally decreasing and 

then increasing profile of the Ah recordings, consistent with the manual and automatic gearing 

test data. As discussed previously, initial decreasing energy consumption after the first drive 

cycle is likely to be due to reducing friction within the drive train. During the last cycles of the 

range tests, the low battery SOC meant that the vehicle was not able to match the speed 

required by the NEDC, particularly on the highway driving part of the cycle.  On the last cycles 

of the test the vehicle was thus much slower than on previous cycles and hence the energy 

consumption was lower.  

 Figure 9 shows the negligible difference between the energy consumptions of the two 

Ford Focus EV gearing experiments in gears 2 and 4, and gears 3 and 4, both recording 226 

Wh/km. With the uncertainty of the instruments it is not possible to determine which gearing 

was most efficient. However, these results combined with the range tests suggest very little 

difference in performance. In terms of comparing the Ford Focus manual EV with the 



automatic EV, the difference in energy consumption was significant despite identical motors, 

batteries and controllers. The Ford Focus automatic EV consumed 317 Wh/km in the range 

test, an increase of around 40% relative to the manual range tests. The primary reason for this 

increased consumption is the inability for the EV converter to interface with the computer 

controlled automatic gearbox, resulting in sub-optimal gear changes [43]. 

[Insert Figures 7, 8, and 9 approximately here]. 

 

Table 8: The recorded parameters during the range test up to 94 km, including individual drive 

cycle energy consumption, for the Ford Focus automatic EV in gear D. 

Cycle no. TBS  
(Ah) 

TBS  
cycle  
(Ah) 

TBS  
voltage  

(V) 

TBS  
SOC  
(%) 

Energy  
use 

w/out 
losses 
(Wh) 

Energy 
use 

without  
losses 
(Wh) 

W/out 
losses 

(Wh/km) 

With 
losses 

(Wh/km) 

Km 
travelled 
(Dyno.) 

1- City 8 8 149 98 1,250 1,449     4.1 
1- Highway 21 13 149 N/A 3,178 3,685 289 335 11.0 
2- City 29 8 149 82 4,372 5,069     15.1 
2- Highway 42 13 148 73 6,262 7,261 280 325 22.0 
3- City 50 8 149 68 7,484 8,678     26.1 
3- Highway 63 13 147 60 9,282 10,762 274 318 33.0 
4- City 71 8 148 55 10,529 12,208     37.1 
4- Highway 84 13 147 47 12,342 14,309 278 322 44.0 
5- City 92 8 148 42 13,544 15,704     48.1 
5- Highway 105 13 147 34 15,370 17,820 275 319 55.0 
6- City 113 8 147 29 16,593 19,238     59.1 
6- Highway 126 13 146 21 18,402 21,337 276 319 66.0 
7- City 134 8 147 16 19,669 22,804     70.1 
7- Highway 147 13 146 7 21,447 24,867 277 321 77.0 
8- City 155 8 147 2 22,754 26,382     81.1 
8- Highway 168 13 146 0 24,473 28,375 275 319 88.1 
9- City 177 8 147 0 25,857 29,980     92.1 
9- Highway* 179 2 145 0 25,923 30,056 240 278 94.1 

 

 

The results must be viewed in the light of the sources of uncertainty associated with these 

experiments. The vehicle energy consumption was measured by the internal energy meter on 

the vehicle battery, resulting in an inability to measure the charge losses as required by the 

R101 standard. However, the total energy consumption including losses was assumed and 



approximated, as described in Section 3.1. The capacity and equipment to monitor the total EV 

energy consumption required to recharge the battery was unavailable for the experiments, as 

required by the R101 standard. This was fundamentally due to the restricted time available on 

Orbital’s chassis dynamometer facility, resulting in additional charging to meet the battery 

charger’s standby mode and vehicle’s standby power when fully charged overnight, rather than  

fully-charging the vehicle and then undertaking testing as per the R101 standard. Battery 

charger self-consumption and residual battery charging can be a significant electricity 

consumer for EVs when not in use [44]. Results from the UWA Renewable Energy Vehicle 

Project (REV) found the cumulative energy used to ‘top up’ charge a vehicle battery was 7.4 

kW, after which an additional 7.7 kW was consumed over a three-day interval by standby 

‘trickle’ charging regimes by both the batteries and the charger [45]. Further sources of 

potential uncertainty include the allowable speed deviation of +/- 2 km/h from the NEDC drive 

cycle tests. Such relatively large uncertainties would influence the accuracy of energy 

consumption measurement and associated calculations over the experiment. In addition, the 

averaged voltages and the total system efficiency assumptions also introduce uncertainties in 

the EV energy consumption results.  

 

5. Conclusions 

Within the context of the limitations of this study, the difference in energy consumption and 

drivable range between the manual and automatic converted Ford Focus EVs was significant. 

This highlights the importance of careful gearbox selection, design and control strategies for 

automatic gearboxes for an aftermarket EV conversion that can extend range even without 

RBS. In contrast, the energy consumption between the manual EV drive cycle tests using 

different gears were not significant and did not influence the range of the vehicle. The energy 

consumption over just two NEDC drive cycles was shown to vary due to reduced friction on 

the driving train. The range tests showed that measuring energy consumption on just two 



consecutive drive cycles on the chassis dynamometer, as required by the R101standard, might 

overestimate the energy consumption of EVs due to a higher friction on a ‘cold’ drive train. 

The experiments also indicated that the configuration of the battery charger can have a 

significant impact on the total energy consumption of EVs. In addition, a battery charger may 

not automatically disconnect and power down, which will consume significant amounts of 

energy in standby mode. 

The experimental demands demonstrated that the precise and accurate use of 

instrumentation of an EV on a chassis dynamometer is challenging. The interaction between 

instrumentation, electrical interferences and several different computers has the potential to 

induce errors that can be difficult to quantify. Furthermore, chassis dynamometer testing 

requires a large and expensive test environment and is time consuming. The authors 

recommend that the collation of characterised and modelled EV chassis dynamometer test 

results can be used to develop and validate software programs that might enable more cost-

effective and time-efficient drive cycle investigations. The experiments also demonstrated 

that following EV test standards requires specialised technical expertise and attention to 

detail in meeting drive cycle parameters. 

 

Acknowledgements 

The authors would like to thank Orbital Corporation for the provision of test equipment, tools 

and test space. Also special thanks to  Orbital’s Director Dr. Geoff Cathcart, Operation 

Manager Geoff Armstrong, Vehicle Control Engineer Alun Morgan, Team Leader Patrick 

O'Sullivan, Test-Engineer Nick Serginson and all Orbital staff members in supporting this 

research. 

 

References 



[1] International Energy Agency. Transport energy and CO2: moving toward sustainability. 

Paris, France: Organisation for Economic Co-operation and Development, and 

International Energy Agency; 2009. Available 

from: http://www.iea.org/publications/freepublications/publication/transport2009.pdf 

(accessed 29 January 2013). 

[2] Gass V, Schmidt J, Schmid E. Analysis of alternative policy instruments to promote 

electric vehicles in Austria. World Renewable Energy Congress 2011, Linkoping, 

Sweden, 8-13 May 2011. 

[3] Usher J, Horgan C, Dunstan C, Paevere P. Plugging in: a technical and institutional 

assessment of electric vehicles and the grid in Australia. Sydney, Australia CSIRO and 

the Institute for Sustainable Futures, UTS; 2011.  

[4] Bradley TH, Frank AA. Design, demonstrations and sustainability impact assessments 

for plug-in hybrid electric vehicles. Renewable and Sustainable Energy Reviews 

2009;13:115-128. 

[5] Ji S, Cherry CR, Bechle MJ, Wu Y, arshall JD. Electric vehicles in China: emissions 

and health impacts. Environmental Science & Technology 2011;46:2018-2024. 

[6] Thackeray MM, Wolverton C, Isaacs ED. Electrical energy storage for transportation - 

approaching the limits of, and going beyond, lithium-ion batteries. Energy & 

Environmental Science 2012;5:7854-7863. 

[7] Zhang Q, Tezuka T, Ishihara KN, McLellan BC. Integration of PV power into future 

low-carbon smart electricity systems with EV and HP in Kansai Area, Japan. 

Renewable Energy 2012;44:99-108. 

[8] Lund H, Kempton W. Integration of renewable energy into the transport and electricity 

sectors through V2G. Energy Policy 2008;36:3578-3587. 

http://www.iea.org/publications/freepublications/publication/transport2009.pdf


[9] Piumsomboon P, Pruksathorn K, Hunsom M, Tantavichet N, Charutawai K, 

Kittikiatsophon W, Nakrumpai B, Sripakagorn A, Damrongkijkam P. Road testing of a 

three-wheeler driven by a 5 kW PEM fuel cell in the absence and presence of batteries. 

Renewable Energy 2013;50:365-372. 

[10] Morrow K, Karner D, Francfort J. Plug-in hybrid electric vehicle charging 

infrastructure review - final report. U.S. Department of Energy vehicle technologies 

program - advanced vehicle testing activity Idaho, USA: U.S. Department of Energy; 

2008.  

[11] Yim SHL, Barrett SRH. Public health impacts of combustion emissions in the United 

Kingdom. Environmental Science & Technology 2012;46(8):4291-4296. 

[12] Department for Transport, Scottish Government, Welsh Assembly Government. 

Reported road casualties in Great Britain: 2011. Annual report London, UK: 2012. 

Available 

from: www.gov.uk/government/uploads/system/uploads/attachment_data/file/9280/rrcg

b2011-complete.pdf (accessed 26 February 2013). 

[13] The Renewable Energy Vehicle (REV) Project. Fast-charging network trial Perth, 

Australia, The University of Western Australia,, 2012. Available 

from: http://therevproject.com/trials/charging-trial.php (accessed 19 November 2012). 

[14] Dunstan C, Usher J, Ross K, Christie L, Paevere P. Supporting electric vehicle adoption 

in Australia: barriers and policy solutions. Sydney, Australia: CSIRO and the Institute 

for Sustainable Futures, UTS; 2011.  

[15] Mullan J, Harries D, Bräunl T, Whitely S. The technical, economic and commercial 

viability of the vehicle-to-grid concept. Energy Policy 2012;48(Special section: 

frontiers of sustainability):394-406. 

http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/9280/rrcgb2011-complete.pdf
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/9280/rrcgb2011-complete.pdf
http://therevproject.com/trials/charging-trial.php


[16] Mullan J, Harries D, Bräunl T, Whitely S. Modelling the impacts of electric vehicle 

recharging on the Western Australian electricity supply system. Energy Policy 

2011;39(7):4349-4359. 

[17] McHenry MP. Small-scale (≤6 kWe) stand-alone and grid-connected photovoltaic, 

wind, hydroelectric, biodiesel, and wood gasification system’s simulated technical, 

economic, and mitigation analyses for rural regions in Western Australia. Renewable 

Energy 2012;38:195-205. 

[18] McHenry MP, Schultz M, O’Mara K. Wholesale electricity markets and electricity 

networks: balancing supply reliability, technical governance, and market trading in the 

context of Western Australian energy disaggregation and marketisation. In: McAdams 

AR, ed. Advances in Energy Research, Volume 5. Hauppauge, New York, Nova 

Science Publishers, 2011. 

[19] Bräunl T. Synthetic engine noise generation for improving electric vehicle safety. 

International Journal of Vehicle Safety 2012;6(1):1-8. 

[20] Lim CS, Mamat R, Bräunl T. Impact of ambulance dispatch policies on performance of 

emergency medical services. IEEE Transactions on Intelligent Transportation Systems 

2011;12(2):624-632. 

[21] Milan D. Know all about hybrid vehicles. Delhi, India, English Press, 2012.  

[22] CNN. Year of the electric car blows a fuse. 2012. Available 

from: http://money.cnn.com/2012/10/19/autos/electric-car/index.html (accessed 18 

November 2012). 

[23] U.S. Department of Energy. One million electric vehicles by 2015: February 2011 

status report 2011. Available 

from: http://www1.eere.energy.gov/vehiclesandfuels/pdfs/1_million_electric_vehicles_

rpt.pdf (accessed 29 January 2012). 

http://money.cnn.com/2012/10/19/autos/electric-car/index.html
http://www1.eere.energy.gov/vehiclesandfuels/pdfs/1_million_electric_vehicles_rpt.pdf
http://www1.eere.energy.gov/vehiclesandfuels/pdfs/1_million_electric_vehicles_rpt.pdf


[24] Yang YP, Hu TH. A new energy management system of directly-driven electric vehicle 

with electronic gearshift and regenerative braking. 2007 American Control Conference, 

New York City, USA, 11-13 July 2007. 

[25] The Australian Electric Vehicle Association. About us. 2012. Available 

from: http://www.aeva.asn.au/about (accessed 18 November 2012). 

[26] EV Works. Welcome to EV Works, Australia's electric vehicle specialist! 2012. 

Available from: http://www.evworks.com.au/index.php (accessed 18 November 2012). 

[27] Perth Electric Vehicle. Electric vehicle conversions and hybrid vehicle servicing. Perth, 

Australia, Perth Electric Vehicle,, 2012. Available 

from: http://www.perthelectricvehicle.com.au/ (accessed 18 November 2012). 

[28] EV Works. EV Works chosen for WA EV trial. 2010. Available 

from: http://www.evworks.com.au/index.php (accessed 20 April 2012). 

[29] Nam E. Drive cycle development and realworld data in the United States. Working 

Party on Pollution and Energy (GRPE), informal working group on Worldwide 

Harmonized Light Vehicles Test Procedure (WLTP), Geneva, Switzerland, U.S. 

Environmental Protection Agency, 2009. 

[30] Delphi. Passenger cars and light duty vehicles. 2010. Available 

from: http://www.delphi.com/pdf/emissions/Delphi_PC.pdf (accessed 18 November 

2012). 

[31] DieselNet. Emission test cycles. 2012. Available 

from: http://www.dieselnet.com/standards/cycles/ (accessed 18 November 2012). 

[32] United Nations. Addendum 100: Regulation No. 101, revision 2. Uniform provisions 

concerning the approval of passenger cars powered by an internal combustion engine 

only, or powered by a hybrid electric power train with regard to the measurement of the 

emission of carbon dioxide and fuel consumption and/or the measurement of electric 

http://www.aeva.asn.au/about
http://www.evworks.com.au/index.php
http://www.perthelectricvehicle.com.au/
http://www.evworks.com.au/index.php
http://www.delphi.com/pdf/emissions/Delphi_PC.pdf
http://www.dieselnet.com/standards/cycles/


energy consumption and electric range, and of categories M1 and N1 vehicles powered 

by an electric power train only with regard to the measurement of electric energy 

consumption and electric range. 2005. Available 

from: http://www.unece.org/fileadmin/DAM/trans/main/wp29/wp29regs/r101r2e.pdf 

(accessed 2 February 2012). 

[33] Francfort JE, Carlson RB, Kirkpatrick ML, Shirk MG, Smart JG, White SE. Plug-in 

hybrid electric vehicle fuel use reporting methods and results Idaho Falls, USA: U.S. 

Department of Energy; 2009. Available 

from: http://avt.inl.gov/pdf/phev/phev_mpg_report_july09.pdf (accessed 2 February 

2012). 

[34] Opila DF, Wang X, McGee R, Cook JA, Grizzle JW. Performance comparison of 

hybrid vehicle energy management controllers on real-world drive cycle data. 2009 

American Control Conference, St Louis, USA, 10-12 June 2009. 

[35] Walsh C, Carroll S, Eastlake A, Blythe P. Electric vehicle driving style and duty 

variation performance study. Loughborough, Bedford, Newcastle, UK, Cenex,  

Newcastle University, 2010. Available 

from: http://www.cenex.co.uk/LinkClick.aspx?fileticket=yALcN9hPtbo%3D&tabid=1

19&mid=695 (accessed 29 January 2013). 

[36] Walsh C, Bingham C. Electric drive vehicle deployment in the UK. Sheffield and 

Loughborough, UK, University of Sheffield, Cenex, 2009. Available 

from: http://www.cenex.co.uk/LinkClick.aspx?fileticket=VTnvk0HUiPE%3D&tab 

(accessed 29 January 2013). 

[37] The Renewable Energy Vehicle (REV) Project. Electric Ford Focus. Perth, Australia, 

The University Of Western Australia, 2012. Available 

http://www.unece.org/fileadmin/DAM/trans/main/wp29/wp29regs/r101r2e.pdf
http://avt.inl.gov/pdf/phev/phev_mpg_report_july09.pdf
http://www.cenex.co.uk/LinkClick.aspx?fileticket=yALcN9hPtbo%3D&tabid=119&mid=695
http://www.cenex.co.uk/LinkClick.aspx?fileticket=yALcN9hPtbo%3D&tabid=119&mid=695
http://www.cenex.co.uk/LinkClick.aspx?fileticket=VTnvk0HUiPE%3D&tab


from: http://therevproject.com/vehicles/electric-ford-focus.php (accessed 18 November 

2012). 

[38] TBS Electronics. Battery monitor. 2012. Available from: http://www.tbs-

electronics.com/products_expertpro_features.htm (accessed 18 June 2012). 

[39] EV Works. Switched mode battery charger. 2010. Available 

from: http://www.evworks.com.au/index.php?product=CHG-KP7220KL (accessed 20 

April 2012). 

[40] Battery University. Charging lithium-ion. Vancouver, Canada, and Nürnberg, Germany, 

Cadex Electronics Inc., 2012. Available 

from: http://batteryuniversity.com/learn/article/charging_lithium_ion_batteries 

(accessed 29 January 2012). 

[41] United Nations. Agreement concerning the adoption if uniform technical prescriptions 

for wheeled vehicles, equipment and parts which can be fitted and/or be used on 

wheeled vehicles and the conditions for reciprocal recognition of approvals granted on 

the basis of these prescriptions. E/ECE/324, E/ECE/TRANS/505, Addendum 100: 

Regulation No. 101, Revision 2. 2005. Available 

from: http://www.unece.org/fileadmin/DAM/trans/main/wp29/wp29regs/r101r2e.pdf 

(accessed 20 June 2013). 

[42] U.S. Department of Energy. Advanced vehicle testing activity. Idaho, and Colarado and 

Washington DC, USA, Idaho National Laboratory, and the National Renewable Energy 

Laboratory, 2011. Available 

from: http://www1.eere.energy.gov/vehiclesandfuels/avta/index.html (accessed 29 

January 2013). 

[43] Mason R. Interfacing automatic gear box. Personal communication, Landsdale, Western 

Australia (6065), Telephone communication. 10 April 2012. 

http://therevproject.com/vehicles/electric-ford-focus.php
http://www.tbs-electronics.com/products_expertpro_features.htm
http://www.tbs-electronics.com/products_expertpro_features.htm
http://www.evworks.com.au/index.php?product=CHG-KP7220KL
http://batteryuniversity.com/learn/article/charging_lithium_ion_batteries
http://www.unece.org/fileadmin/DAM/trans/main/wp29/wp29regs/r101r2e.pdf
http://www1.eere.energy.gov/vehiclesandfuels/avta/index.html


[44] The Renewable Energy Vehicle (REV) Project. Welcome to the REV Project, charging 

stations. Perth, Australia, University of Western Australia,, 2012. Available 

from: http://therevproject.com/ (accessed 29 January 2013). 

[45] Mason R. Ford focus charger. Personal communication, Landsdale, Western Australia 

(6065), e-mail communication. 2 August 2012. 

 

 

http://therevproject.com/


Figures 

 
Figure 1: The licenced Ford Focus converted to an EV that was used in the research. Source: 

[37]. 



 
Figure 2: Computerised driving aid for a human test driver to follow a predefined drive cycle 

used during the testing at Orbital’s facility. The blue line in the centre of the track is the 

indication of required speed to be driven. The red lines show the driver the maximum allowed 

speed deviation for a valid test drive, and the crosshair is the present speed. The uncertainty of 

the results can be inferred by the difference between the speed reading on the dashboard (51 

km/h), and the crosshair (~49 km/h). 



 

Figure 3: The Ford Focus EV on a chassis dynamometer under test conditions at Orbital’s test 

facility. 

 



Figure 4: Vehicle speed and battery voltage during two consecutive drive cycles. 

 

Figure 5: Preconditioning procedures for battery and vehicle following regulation R101. 

** Due to time restriction on the chassis dynamometer, only a full charge was conducted. 



 

Figure 6: Testing procedure following regulation R101 preconditioning procedures. 



 

Figure 7: The maximum range for the two Ford Focus EVs tested under different gearing 

configurations. 

 

Figure 8: Battery discharge capacities for each city and highway part of repeated drive cycles 

for both the manual and automatic Ford Focus EVs. 



 

Figure 9: The total energy consumption including recharge losses for the two Ford Focus EVs 

tested under different gearing configurations. 
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