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Abstract Environmental considerations mean that continuing to use internal combustion is, in the long term, unviable due to
availability and cost of the fuel and the environmental effects of their emissions. If full Electric Vehicles (EV) are to be a more
sustainable method of transport then some of the perceived problems of EVs must be addressed, such as “range anxiety” and
“technical performance”. To do this it is necessary to understand how drivers behave in EVs, both through their overall trip
statistics and their driving behavior within trips. This has been achieved in this project through instrumenting the EVs with a
direct link to the vehicle’s CAN bus, a GPS system and a networked link to an always on database. Through analysis of the
vehicle data it has been possible to build up a quantitative picture of how the vehicles are typically used. Quantitative examples
include trip lengths, trip efficiency correlated to the braking techniques and general driving behavior changes such as improved
efficiency at low battery levels. From this work it can be shown that it is possible to monitor electric vehicles and selectively

produce derived statistics which can be used to analyse the behavior of drivers.

Introduction

To achieve the reductions in CO, emissions agreed by the UK government, there is a need for an 80% cut in emissions by
2050. From a transport practitioner’s (or minister’s) point of view the question that must be asked is what would a reduction in
CO, emissions of 80% look like in the transport sector? Figure 1, based on DEC data [1], shows real emissions from transport
over the last 20 years and projected data over the next 40 years. The figure shows that the transport emissions have been

steadily increasing since 1990, but that there is a sharp reduction due to the recession in 2008.
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In figure 1, the projected trend forward to 2050, based on the non-recession growth patterns, illustrates that with business as

usual CO, emissions from the transport sector, emissions will be six times higher than the needed cut in emissions from the

1990 level.
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Figurel: Extrapolation of transport emissions trend.

This shows two stark realities about transport: this is one of the few areas of the UK economy where CO, continues to grow
and that unless we radically reduce the CO, emissions from transport we will not, as a country, achieve the reductions that we
have signed up to. If we discount modal shift (which will happen — but at its own pace) then the options for moving away from
a fossil fuels based road transport economy are limited. Options include: biofuels (of different origins and blends); hydrogen
fuel cells; other fuel cells; hybrid, plug-in-hybrid; and full electric vehicles. [2] Each has their pros and cons, most limited by
current technology and the availability of refuelling/charging points, which at the moment is leaving hybrids and electric

vehicles as the short term options with the emergence of plug in hybrids in the consumer market in 2012.

Electric cars offer numerous environmental benefits over traditional internal combustion cars; they emit less carbon per km
than fossil fuel cars during their use [3] and even after a full life cycle analysis [4] they emit no pollutants during their use
leading to the possibility that the city of the future will contain no health threatening pollution hot spots [5, 6] and they are also

cheaper to run. [7]

However, they also have disadvantages. They generally have a lower top speed (80-90 mph), less range (typical 80-100 miles)

and also a longer refuelling process (6-8 hours to recharge a battery using a standard charger, 30-40 minutes with a fast-



charger) which can itself have an impact on the local power distribution grid [8]. Whether or not the long term advantages of
electric cars will compensate for the short term reduction in functionality is currently an unanswered question. Answering it
will require a large and sustained investigation into how EVs are used in day to day life. Nevertheless, the opportunity to
explore at an early date the use of this new technology and its potential to contribute to the reduction of transport green house

gas emissions is critical to future policy formation and thinking [9].

The Trial

This paper provides an introduction to a database/analysis platform for the investigation of the performance of an electric
vehicle fleet. Preliminary results from the analysis are presented from the use of the platform with four electric vehicles
provided by CENEX (centre of Excellence for Low Carbon and Fuel Cell Technology) as part of their Smart Move trial which
took place in North East England between October 2009 and March 2010 [10]. The vehicles supplied for the trial were Smart
Fortwo Mercedes with an electric drive train. Each vehicle had a Sodium Nickel Chloride battery with a 15kWh capacity and a

restricted top speed of 60 mph

This trial was a precursor to a further EV trial underway in the North East, the SwitchEV project. A £10.7 million project
which will oversee the deployment of 35+ electric passenger vehicles as well as the infrastructure required to fuel and maintain
them. [11] This project is funded by the TSB and ONE NE with the vehicles and infrastructure supplied by Nissan, Smith
Electric Vehicles in partnership with LTI, AVID Vehicles, Liberty Electric Cars and One North East. Newcastle University
will oversee the data collection from the vehicles with an aim to assessing driver/fleet behaviour when driving the vehicle and
also when interacting with charging points. [12] The CENEX electric vehicles gave the research team the opportunity to
prototype and test the data collection and analysis system in advance of the first Switch EV project vehicles which became
available to trial in March 2011, [13]. In particular it allowed the opportunity to test the validity of certain Electric Vehicle

metrics and to the test the viability of the large scale data collection and reporting system.

SwitchEV is a novel project as it relies on monitoring the vehicles, and the driver’s interaction with the road environment, in a
detailed and systematic manner which will allow for the analysis of their patterns of use in a way currently unparalleled within
the U.K. The objective of the trial is to determine what barriers exist to electric vehicles becoming a mainstream road-vehicle
technology within a few years. These barriers are not just technical but behavioural and attitudinal as well. In addition there is
the need for a well-supported infrastructure to support EV charging. To accomplish this it is necessary to test that there is the

capability to investigate such issues as:



e  Monitor use and performance of vehicles

e Charging performance and battery life

e Charging occurrences (where, how often, what charge before and after etc.)
e  Driver influences

e External influences

e Tounderstand issues related to the practical use of electric vehicles

e Impact on traffic

e Impact on the environment

Data directly collected in this trial from the vehicle measurement system included:

e Every journey (time, distance, route)
e  General performance of vehicle (efficiency in terms of kWh/km)

e Battery performance and battery management system

By combining this vehicle data with external sources of data and through statistical analysis of the data it is possible to also
analyze:

e Effect of road topology

o Driving style (braking frequency, average speed, average acceleration etc.)

e  Effect of congestion on performance

e Users and business perceptions of use

e Impacts (economic, emissions, energy, GHG, etc.)

The hard data on the cars, i.e. the data which is collected directly from the vehicle measurement system, is collected from the
CAN (Controller Area Network — a high capacity, EM-noise tolerant data bus, now common to all new vehicles) bus of the
vehicle and transmitted to a secure database through the use of wirelessly enabled data loggers within the car. This is overlaid

with GPS and time data derived from an additional logging unit.

Data Collection and the Database



The heart of the ITS system deployed to collect the on-vehicle data is an advanced logger modified from a version of a device
provided by COMESYS Europe Ltd. The logger connects to the CAN bus through the vehicles OBD (on-board diagnostics
port). The logger has been designed to also take external analogue and digital input including the GPS and time-stamp data as
well as a number of analogue inputs from current-clamps which are attached to various electrical systems of the vehicle to

measure current flow and battery drain (and regeneration).

The variables measured and the rate of logging is dependent on the state of the vehicle’s ignition. With the ignition on the
measurement takes place every second, this measurement rate drops to every minute when the ignition is off. When the
ignition is off the only information available is charging information through the AC supply and the slow drain of current
needed to maintain the battery. Neither of these two variables are expected to vary much in the 1 second regime, hence 1

minute is enough to capture all features of interest.

Variable Ignition Off Ignition On Data Type
GPS position v Lat/long/altitude
Data v v

Time v v HH:MM:SS
AC Supply Connection v Boolean
AC Heater Request v Boolean
AC Heater State v Boolean
HV Battery Current v v Float

HV Battery Voltage v Float

HV Battery Depth of Discharge v Float
Brake Pedal Pressed v Boolean
Light On v Boolean
Rear Window Heater v Boolean
Outside Temperature v Float

Table 1: The different variables recorded in different regimes are shown here.



