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Executive Summary
In March 2018, Flip the Fleet (FTF) published a paper on the reported battery degradation of the
30 kWh Leaf. Since this report, Walter Larason of EVs Enhanced has carried out nine energy
holding capacity tests on a dynamometer which showed that most of them held more energy in
their battery pack than was reported by the car’s Lithium Battery Controller (LBC).
In June 2018 Nissan released a service campaign for its UK and USA customers, where the
firmware of the car’s LBC can be upgraded in 30 kWh cars manufactured from December 2015
to August 2017. The upgrade applies to LBC firmware versions ending in 4A, 4B, 5A and 5B.
This update purports to correct the reported State of Health (SoH) of the car and correct the
underestimation of range.
We first compared the SoH reported by the LBC before and after the firmware update had been
applied to 11 Leafs. After the firmware update was installed, reported SoH increased by up to
17 percentage points. This correction to SoH was bigger for cars with most degraded batteries,
and we derived an equation that almost exactly predicts the change in SoH should the firmware
upgrade be installed. We then applied this correction based on the equation to EVs Enhanced’s
dynamometer test results to simulate a ’virtual update’ of their instrumentation to test whether
the firmware would lead to better estimation of the energy holding capacity of the seven test
vehicles with firmware 4A.
Once the correction was applied, there was a close match between the energy stored in the
battery as measured on the dynamometer and the energy reported by the car’s LBC, for all
seven vehicles with firmware 4A. We therefore conclude that the recently available update is a
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genuine and accurate fix to the reporting problem identified in FTF’s March 2018 report. One
can think of this correction as an improvement in the accuracy of the car’s fuel gauge, including
a recalibration of how big the “tank” a Leaf has when fully charged, and the way this degrades
as the car gets older.
This equation allows FTF to retrospectively apply the same “virtual update” to all the historical
measures of SoH supplied by 151 owners of 30 kWh Leafs in the FTF database. The corrected
SoH values decline at virtually the same rate as the 24 kWh Leafs. There is no longer any
evidence of a statistical difference in reported SoH between the variants once the firmware
upgrade is applied over the first 2.5 years since 30 kWh Leafs were manufactured. We therefore
conclude that much of our earlier concern about rapidly declining reported SoH stemmed from
an instrumentation error rather than degradation of the battery itself.
There will be a need for careful documentation of the firmware being used to report SoH of 30
kWh Leafs imported in future or resold within New Zealand, so that sellers and purchasers are
not misled about the range and stage of degradation of the battery.
The instrumentation bias reduces the practical use of the vehicle, so it will be important for New
Zealand 30 kWh Leaf owners to have access to the corrected and compatible firmware. The
requirement for a firmware update for many of the 30 kWh Nissan Leafs in New Zealand has
highlighted the need for support of used car imports by the manufacturer, their in-market
representatives, or the New Zealand importers.
It is the opinion of the authors that the most appropriate agent to manage the update of the
affected 30 kWh Nissan Leafs is Nissan New Zealand using their nationwide dealer network.
In summary, at least part of the earlier concerns about premature decline in battery capacity in
early 30 kWh Leafs has been allayed. There is clear evidence that some of the reported
degradation stemmed from instrumentation error rather than reduction in the actual energy
holding capacity of the batteries. This is encouraging news because firmware upgrading is a
simpler and less expensive fix that battery replacement or refurbishment.

Introduction
In March 2018, following numerous enquiries from concerned 30 kWh Nissan Leaf owners in
New Zealand, we published a preprint “Accelerated Reported Battery Capacity Loss in 30 kWh
Variants of the Nissan Leaf” [1]. In data collected from 24 kWh and 30 kWh Nissan Leafs, the
State of Health (SoH) reported by the Lithium Battery Controller (LBC) was declining faster in 30
kWh Leafs compared to 24 kWh Leafs (Figure 1). In July 2018, Nissan released a Customer
Service Campaign in certain markets to reprogram the lithium-ion battery controller of the 30
kWh Nissan Leaf to correct an error in calculations of range and battery capacity [2], and the
upgrade applies to firmware versions ending in 4A, 4B, 5A and 5B.
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We are working on version 2 of our preprint and here include a preliminary summary of new
results that will likely form part of this update. These results require further scientific review and
are subject to change.

Figure 1: All individual battery State of Health (SoH) measurements as a function of age with
average 2nd-degree polynomial fits for both 24 kWh and 30 kWh models. Nissan’s estimate for
decline is 80% SoH after 5 years and is shown by a red dot. There was large variability between
cars, but both battery models showed increasing decline in reported SoH with age, with a faster
decline in 30 kWh compared to 24 kWh Nissan Leafs. The graph presented here has been
updated since initial publication in the Preprint [1] to include all 2,600 SoH measurements
submitted to Flip the Fleet so far.
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Figure 2: Battery State of Health determined from battery capacity testing compared to the
Lithium Battery Controller (LBC) reported State of Health. The black line represents where
points should be if there was a perfect match between LBC-reported State of Health and
capacity-tested based State of Health. The LBC-reported State of Health for cars with the earlier
firmware revision 4A, which the update applies to, was consistently lower than the State of
Health as calculated from the battery capacity testing. The shaded region around the line of best
fit represents the 95% uncertainty interval for the relationship. Data collected and provided by
EVs Enhanced.

Battery capacity testing
Since our initial publication, Walter Larason (from EVs Enhanced, http://evsenhanced.com/) has
performed nine tests of the energy holding capacity of nine 30 kWh Nissan Leafs using a
dynamometer and a protocol based upon the IEC62660-1 standard. Briefly, the method first
standardised the battery to be around 25°C and to be at full charge, before the car was
discharged at C/3 Amps (27 Amps) on a dynamometer until the car stopped. The time that it
took to fully discharge the battery allowed EVs Enhanced to calculate the total usable electric
charge in amp hours (Ah). This was then divided by the implied Ah of a battery at 100% SoH to
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get a capacity-tested based SoH. It was found that there was a systematic bias for the
LBC-reported SoH for cars with the earlier firmware revision 4A to be lower than the SoH as
calculated from the battery capacity testing (Figure 2). In comparison, although only two cars
with the later 6A firmware were tested, one was very close and the other higher, than the SoH
as calculated from the battery capacity testing. In most cases for cars with firmware 4A, more
energy remained in the battery below the “Very Low Battery Warning” than the cars’ instruments
were reporting, so the driver was warned to stop and recharge before absolutely necessary when in fact, the driver could have kept on driving for some distance yet.

Firmware update
EVs Enhanced o
 btained the 4C firmware update that has so far been applied to Leafs in the US
and the UK. This firmware update has been applied to Leafs over recent weeks by EVs
Enhanced and the LBC-reported SoH before and after the update recorded in 11 cars (Figure
3). This demonstrates that the change in the LBC-reported SoH following the update follows a
simple linear relationship with almost no variance up until 100% is reached. The consistency of
the correction factor makes it possible to predict what the SoH of a car would be after the
update without actually performing the update.
Flip the Fleet has now applied the correction equation to recalculate the LBC-reported SoH for
all firmware revision 4A 30 kWh Leaf’s that were tested on the dynamometer (Figure 4). This
shows that the firmware update successfully corrects the systematic bias found earlier (Figure
2). If you compare the shaded area in Figure 2 and Figure 4, it is evident that the statistical
uncertainty associated with the tests now spans the black line where the cars’ instruments
coincide exactly with the amount of energy stored in the full battery. On this basis we conclude
that the firmware update has definitely improved the car’s estimation of SoH.
Now that the LBC-reported SoH calculation has been improved, and we have an equation
based upon Figure 3 that describes the correction expected for each car, Flip the Fleet c an
retrospectively apply the correction to all the historical SoH measures from cars with the 4A, 4B,
5A, and 5B firmwares (Figure 5). Following the update, the predicted mean SoH for 30 kWh
Leafs is now similar to the curve for the 24 kWh cars. Statistically there is no evidence that the
decline curves are different between variants.
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Figure 3: Change in the LBC-reported State of Health with LBC update. In general, for cars that
have a State of Health that is less than 100%, there is a linear relationship in the increase in
State of Health, with cars with a lower State of Health having a greater increase in State of
Health following the update. Data collected and provided by EVs Enhanced.
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Figure 4: Battery State of Health determined from battery capacity testing compared to what we
predict the LBC would report for State of Health should the firmware upgrade be applied to
Leafs with the 4A firmware. The black line represents where points should be if there was a
perfect match between LBC-reported State of Health and capacity-tested based State of Health.
The LBC-reported State of Health if these cars were updated to revision 4C is predicted to be
much more consistent with the State of Health as calculated from the battery capacity testing.
The shaded region around the line of best fit represents the 95% uncertainty interval for the
relationship.
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Figure 5: Comparison of the decline in mean battery State of Health in the 24 kWh compared to
that observed in 30 kWh Leafs without the firmware update, and now predicted for 30 kWh
Leafs should they receive the update. Once the 30 kWh cars with the 4A, 4B, 5A, and 5B
firmwares are transformed given the relationship observed in Figure 3, then there is no
evidence of any significant difference in the decline of State of Health between 24 kWh and 30
kWh Nissan Leafs.

Discussion and conclusions
The data we have available so far indicate that there was a systematic bias in the 30 kWh
Nissan Leaf Lithium Battery Controller firmware version 4A. This leads to under-reporting of the
battery capacity available, expressed as % SoH or the number of remaining battery capacity
bars. The 4C firmware update released by Nissan in USA and Europe appears to have
resolved this systematic bias.
Nissan also claim that the revised firmware adjusts the estimate of total distance remaining as
the car’s battery depletes during each journey between charges, although we have not
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completed investigating this at this stage. One can think of this latter correction as an
improvement in the accuracy of the car’s fuel gauge, whereas the SoH correction is a
recalibration of how big a “tank” the Leaf has when fully charged and the way that this degrades
or “shrinks” as the car gets older. The instrumentation bias reduces the practical use of the
vehicle so it will be important for New Zealand 30 kWh leaf owners to have access to the
corrected and compatible firmware.
Flip the Fleet will continue to monitor the future trajectory of SoH measures in all variants of
Nissan Leafs irrespective of whether they have received the firmware update or not. Prediction
of the longevity of the batteries is impossible because it is new technology and scientific
information on the chemistry and tests of performance of the batteries is not publically available.
In particular, this firmware fix does not preclude that there could be other potential issues with
the 30 kWh batteries, or 24 kWh batteries too for that matter, that may become evident in the
future.
There will be a need for careful documentation of the firmware being used to report SoH of 30
kWh Leafs imported in future or resold within New Zealand, so that sellers and purchasers are
not misled about the range and stage of degradation of the battery.
The requirement for a firmware update for many of the 30 kWh Nissan Leafs in New Zealand
has highlighted the need for support of used car imports by the manufacturer, their in-market
representatives, or the New Zealand importers.
It is the opinion of the authors that the most appropriate agent to manage the update of the
affected 30 kWh Nissan Leafs is Nissan New Zealand using their nationwide dealer network.
In the meantime, at least part of the earlier concerns about premature decline in battery capacity
in early 30 kWh Leafs has been allayed. There is clear evidence that some of the reported
degradation stemmed from instrumentation error rather than reduction in the actual energy
holding capacity of the batteries. This is encouraging news because firmware upgrading is a
simpler and less expensive fix than battery replacement or refurbishment.
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Disclosures
All authors are owners of Nissan EVs. Flip the Fleet has the goal of encouraging the uptake of
EVs. EVs Enhanced provided the data for the battery capacity testing and pre and post firmware
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update State of Health measurements and also offers the firmware update as a commercial
service. At the time of making this update, Flip the Fleet is not aware of identical testing
procedures being carried out by another independent body. As such, the data presented for
retrospective correction of battery SoH measures is based on results provided to us only by EVs
Enhanced. Flip the Fleet doesn’t endorse or recommend services of any commercial entities. If
you are a 30 kWh owner, you need to consider the benefits and risks associated with getting an
update done by a third party and that this report is merely to present the latest research and
findings.
Copyright: This is an open access work distributed under the Creative Commons Attribution
License which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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